Supplementary Methods
CTPA Acquisition Protocols
Multicenter CTPA examinations were performed using multidetector CT (MDCT) scanners from multiple manufacturers (SOMATOM Sensation 64, SOMATOM Definition AS, SOMATOM Definition Edge, SOMATOM Definition Flash, SOMATOM Force, Siemens; LightSpeed VCT; Optima CT660; Discovery CT750 HD, Revolution CT, GE Healthcare; Brilliance 64, Brilliance ICT, Ingenuity CT 64, Ingenuity Core128, Philips; Aquilion CXL, Canon Medical System; uCT 780, United Imaging Healthcare). Acquisition parameters were similar across centers, the key parameters were as follows: tube voltage, 100-120 kV; tube current, 300-550 mA (with automatic exposure control); collimation, 0.625-1 mm; and reconstruction interval, 1 mm. A total of 60-100 mL of nonionic iodinated contrast (300-370 mg I/mL) was administered intravenously at 3.0-5.0 mL/s, followed by a 30-50 mL saline chaser. Scan timing used a bolus-tracking technique with the region of interest (ROI) in the main pulmonary artery (trigger threshold: 100-120 HU). Although acquisition parameters were broadly similar across centers, scanner models, reconstruction algorithms (filtered back-projection vs. iterative reconstruction), and iodine concentrations varied. To ensure diagnostic uniformity, all CTPA datasets were required to demonstrate adequate opacification of the main pulmonary artery (≥ 200 HU) and were excluded if severe motion artifacts precluded evaluation.
MRI Acquisition Protocols
MRI examinations were performed on a 1.5-T scanner (MAGNETOM Aera, Siemens Healthineers) in our center. The standardized protocol included: (I) fat-suppressed T2-weighted imaging (T2WI) [TR/TE, 3040/86 ms; FOV, 380×380 mm2; slice thickness, 6 mm]; and (II) diffusion-weighted imaging (DWI) with b-values of 0 and 800 s/mm2 [TR/TE, 6400/49 ms; FOV, 380×380 mm2; slice thickness, 5 mm]. (III) Native T1 mapping was performed using a modified look-locker inversion recovery (MOLLI) sequence (TR/TE, 308.76/1.12 ms; flip angle, 35°). T2 mapping utilized a T2-prepared bSSFP sequence (TR/TE, 238.09/1.06 ms; flip angle, 35°) with three effective echo times (0, 25, and 55 ms). T2* mapping was acquired using a multi-echo gradient-echo sequence [TR, 640 ms; 8 echoes; TE range, 2.07-16.63 ms]. (IV) Dynamic contrast-enhanced imaging was performed using a 3D volumetric interpolated breath-hold examination (3D-VIBE) sequence (TR/TE, 6.67/2.39 ms; FOV, 400×400 mm2; slice thickness, 3 mm). A gadolinium-based contrast agent (0.2 mmol/kg) was administered intravenously at a flow rate of 4.0 mL/s, immediately followed by a saline chaser of equal volume at the same rate. Because all available MRI examinations were performed on a single 1.5-T scanner at our center, MRI findings may not be generalizable to other institutions and should be considered as single-center, complementary data within this multicenter cohort.
Whole-body PET/CT 
Whole-body 18F-FDG PET/CT examinations were performed using a combined PET/CT system (Biograph Vision 600, Siemens Healthineers) in our center. Patients were instructed to fast for at least 6 hours before the scan, and blood glucose levels were confirmed to be < 11.1 mmol/L. 18F-FDG was administered intravenously at a dose of 3.7-5.5 MBq/kg within 30 s. After a resting period of approximately 60 minutes, images were acquired from the skull base to the mid-thigh. The CT component was performed for attenuation correction and anatomical localization using standard parameters (Care Dose 4D, quality reference 160mAs, CARE kV, quality reference 120kV; slice thickness, 5 mm). PET emission data were acquired in 3D mode at 2-3 minutes per bed position. Images were reconstructed using an iterative algorithm (OSEM, 4 iterations, 5 subsets) incorporating time-of-flight and point-spread function modeling. Whole-body PET/CT examinations were performed using a single combined PET/CT system at our center. Consequently, metabolic parameters reflect a single-center standardized protocol and may not be directly generalizable to all participating centers.



	Supplementary Table S1. Non-surgical treatments and survival outcomes in the non-surgery group

	Patient ID
	Age (years)
	Sex
	PAS location
	Treatment category
	Survival status
	OS (months)
	Primary reason for non-surgical management

	PAS-01
	53
	M
	MPA+RPA
	Best supportive care only
	Deceased
	14.1
	Patient/family preference

	PAS-02
	62
	F
	MPA+RPA+LPA
	Chemotherapy + targeted therapy + immunotherapy
	Deceased
	21.3
	Patient/family preference

	PAS-03
	42
	F
	MPA+RPA
	Best supportive care only
	Deceased
	7.7
	Patient/family preference

	PAS-04
	46
	M
	MPA+RPA
	Chemotherapy + immunotherapy
	Survived
	18.3
	High operative risk

	PAS-05
	38
	F
	MPA+RPA+LPA
	Chemotherapy
	Deceased
	5.8
	Clinical deterioration

	PAS-06
	63
	M
	MPA+LPA
	Chemotherapy + radiotherapy
	Deceased
	13.2
	Patient/family preference

	PAS-07
	61
	M
	MPA+RPA+LPA
	Immunotherapy
	Deceased
	38.8
	Patient/family preference

	PAS-08
	50
	M
	MPA+RPA+LPA
	Chemotherapy + immunotherapy
	Deceased
	18.0
	Not documented

	PAS-09
	55
	F
	MPA+LPA
	Best supportive care only
	Deceased
	0.2
	Death before planned surgery

	PAS-10
	47
	F
	MPA+RPA+LPA
	Best supportive care only
	Deceased
	1.3
	Clinical deterioration

	PAS-11
	20
	M
	MPA+RPA+LPA
	Chemotherapy + targeted therapy
	Censored
	6.1
	Not documented


Note: PAS, pulmonary artery sarcoma; M/F, male/female; MPA, main pulmonary artery; RPA, right pulmonary artery; LPA, left pulmonary artery; OS, overall survival. When more than one reason was identified, the primary reason documented in the medical record was reported.

	Supplementary Table S2. Inter-observer Agreement for CTPA, MRI and ¹⁸F-FDG PET/CT features

	Feature Category
	Imaging Features
	Agreement Metric
	Value (95% CI)

	CTPA Qualitative signs
	Complete filling defect with expansive growth
	Kappa (κ)
	0.91 (0.84–0.97)

	
	Proximal bulging/lobulated sign
	Kappa (κ)
	0.88 (0.80–0.95)

	
	Distal aneurysmal dilatation (grape-like sign)
	Kappa (κ)
	0.85 (0.76–0.93)

	
	Saddle-shaped filling defect
	Kappa (κ)
	0.93 (0.87–0.99)

	
	PV/RVOT involvement
	Kappa (κ)
	0.82 (0.71–0.92)

	
	Pulmonary nodules/masses
	Kappa (κ)
	0.79 (0.68–0.89)

	
	Mediastinal lymphadenopathy
	Kappa (κ)
	0.81 (0.70–0.91)

	
	Collateral circulation formation
	Kappa (κ)
	0.84 (0.74–0.93)

	CTPA Quantitative parameters
	RVd (right ventricular diameter)
	ICC
	0.94 (0.89–0.97)

	
	LVd (left ventricular diameter)
	ICC
	0.92 (0.86–0.96)

	
	MPAd (main pulmonary artery diameter)
	ICC
	0.96 (0.92–0.98)

	
	AAd (ascending aorta diameter)
	ICC
	0.95 (0.90–0.97)

	
	RVd/LVd ratio
	ICC
	0.91 (0.84–0.95)

	
	MPAd/AAd ratio
	ICC
	0.90 (0.82–0.94)

	MRI Qualitative signs
	Wall Eclipsing Sign (WES)
	Kappa (κ)
	0.88 (0.78–0.96)

	
	T1WI signal intensity (isointense vs. mildly hyperintense)
	Kappa (κ)
	0.85 (0.74–0.94)

	
	Fat-suppressed T2WI signal intensity (iso/mildly hyper/hyperintense)
	Kappa (κ)
	0.82 (0.71–0.92)

	
	DWI signal intensity (mildly hyper vs. hyperintense)
	Kappa (κ)
	0.84 (0.73–0.93)

	
	Enhancement pattern (heterogeneous vs. none)
	Kappa (κ)
	0.80 (0.68–0.90)

	MRI Quantitative parameters
	T1 value (ms)
	ICC
	0.94 (0.89–0.97)

	
	T2 value (ms)
	ICC
	0.92 (0.86–0.96)

	
	T2* value (ms)
	ICC
	0.88 (0.79–0.94)

	 ¹⁸F-FDG PET/CT
	SUVmax (maximum standardized uptake value)
	ICC
	0.96 (0.92–0.98)


Note: Qualitative signs were assessed using Cohen’s kappa (κ), and quantitative parameters were assessed using intraclass correlation coefficient (ICC). 


	Supplementary Table S3. Comparison of baseline characteristics according to MRI and PET/CT availability

	Variable
	MRI availability
	PET/CT availability

	
	MRI available
 (N=31)
	MRI unavailable (N=70)
	P value
	PET/CT available (N=29)
	PET/CT unavailable (N=72)
	P value

	Age, years, median [IQR]
	52 [46-59]
	52 [38-61]
	0.709
	52 [39-59]
	53 [42-60]
	0.596

	Sex (female)
	16 (51.6%)
	39 (55.7%)
	0.703
	13 (44.8%)
	42 (58.3%)
	0.218

	Central tumor type
	31 (100%)
	68 (97.1%)
	1.000
	28 (96.6%)
	71 (98.6%)
	1.000

	PV/RVOT involvement
	7 (22.6%)
	17 (24.3%)
	0.853
	3 (10.3%)
	21 (29.2%)
	0.080

	Complete filling defect with expansive growth
	30 (96.8%)
	64 (91.4%)
	0.582
	26 (89.7%)
	68 (94.4%)
	0.671

	Proximal bulging/lobulated sign
	30 (96.8%)
	62 (88.6%)
	0.339
	23 (79.3%)
	69 (95.8%)
	0.024*

	Distal aneurysmal dilatation
	14 (45.2%)
	34 (48.6%)
	0.752
	14 (48.3%)
	34 (47.2%)
	0.924

	Pulmonary nodules/masses
	11 (35.5%)
	40 (57.1%)
	0.045*
	15 (51.7%)
	36 (50.0%)
	0.875


Note: Data are presented as n (%) for categorical variables and median [interquartile range] for continuous variables. Continuous variables were compared using the Mann-Whitney U test, and categorical variables were compared using chi-square test, continuity-corrected chi-square test, or Fisher’s exact test as appropriate. *P < 0.05 indicates statistical significance. 


	Supplementary Table S4. Comparison of baseline characteristics between patients with follow-up data and those without follow-up data

	Variable
	With follow-up (N=33)
	Without follow-up (N=68)
	P value

	Age, years, median [IQR]
	53 [47-60]
	52 [38-61]
	0.680

	Sex (female)
	17 (51.5%)
	38 (55.9%)
	0.679

	Central tumor type
	33 (100.0%)
	66 (97.1%)
	1.000

	PV/RVOT involvement
	8 (24.2%)
	16 (23.5%)
	0.937

	Complete filling defect with expansive growth
	32 (97.0%)
	62 (91.2%)
	0.511

	Proximal bulging/lobulated sign
	31 (93.9%)
	61 (89.7%)
	0.743

	Distal aneurysmal dilatation (grape-like)
	17 (51.5%)
	31 (45.6%)
	0.576

	Pulmonary nodules/masses
	18 (54.5%)
	33 (48.5%)
	0.571

	Surgical resection (among those with known treatment)
	22/33 (66.7%)
	NA*
	–


Note: Data are presented as n (%) for categorical variables and median [interquartile range] for continuous variables. Continuous variables were compared using the Mann-Whitney U test, and categorical variables were compared using chi-square test, continuity-corrected chi-square test, or Fisher’s exact test as appropriate. *Treatment data were only consistently available for the follow-up cohort. 


	Supplementary Table S5. Surgical treatment and perioperative characteristics of patients 
in the surgery group (N = 22)

	Variable
	Surgery group (N=22)

	Interval from baseline CTPA to surgery, days
	12 [7-24]

	Surgical procedures
	

	PEA alone
	17 (77.3%)

	- Pericardial patch reconstruction
	10 (45.5%)

	- Synthetic graft interposition
	7 (31.8%)

	PEA + lobectomy/pneumonectomy
	4 (18.2%)

	Partial resection
	1 (4.5%)

	Resection status
	

	R0 (microscopically negative margins)
	16 (72.7%)

	R1 (microscopically positive margins)
	5 (22.7%)

	R2 (macroscopically residual tumor)
	1 (4.5%)†

	Perioperative parameters
	

	DHCA utilized
	22 (100%)

	CPB time, min
	156 [132-198]

	The duration of circulatory arrest, min
	32 [24-41]

	ICU stay, days
	4 [2-8]

	Postoperative hospital stay, days
	16 [12-25]

	Postoperative complications

	Any complication (Clavien-Dindo grade ≥ II)
	8 (36.4%)

	Prolonged ventilation (> 48h)
	3 (13.6%)

	Acute kidney injury
	2 (9.1%)

	Atrial fibrillation
	3 (13.6%)

	30-day mortality
	2 (9.1%)

	Perioperative oncologic treatments

	Neoadjuvant treatment 
	0 (0.0%)

	Adjuvant treatment
	17 (77.3%)

	-  Chemotherapy alone
	12 (54.5%)

	-  Chemotherapy + immunotherapy
	3 (13.6%)

	-  Chemotherapy + radiotherapy
	2 (9.1%)

	No adjuvant treatment
	5 (22.7%)









Note: Data are presented as n (%) for categorical variables and median [interquartile range] for continuous variables. Abbreviations: PEA, pulmonary endarterectomy; DHCA, deep hypothermic circulatory arrest; CPB, cardiopulmonary bypass; ICU, intensive care unit. † Incomplete PEA with partial resection and primary repair was performed because of extensive tumor involvement, leading to residual macroscopic tumor (R2).



	Supplementary Table S6. Sensitivity analysis using time-dependent Cox regression for overall survival (N = 33)

	Variables
	Univariable Cox
	Multivariable Cox

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	Surgery as a time-dependent covariate (after surgery vs. before surgery or no surgery)
	0.44 (0.16-1.20)
	0.109
	0.42 (0.15-1.17)
	0.097

	Pulmonary nodules/masses (positive vs. negative)
	1.68 (0.66-4.29)
	0.275
	1.75 (0.68-4.51)
	0.246











Note: Overall survival was calculated from baseline CTPA. Surgery was treated as a time-dependent covariate, coded as 0 before surgery and 1 thereafter. The multivariable model included time-dependent surgery status and pulmonary nodules/masses. Abbreviations: HR, hazard ratio; CI, confidence interval.
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Supplementary Figure S1. Kaplan–Meier analysis of overall survival (OS) after excluding the patient who underwent partial resection.
OS was stratified by treatment modality (surgery group, n=21 vs. non-surgery group, n=11), Median OS: 56.1 months (surgery group) vs. 14.1 months (non-surgery group), log-rank P=0.018. P-values were calculated using the log-rank test. Numbers at risk are indicated below each survival curve.
image1.png
Overall survival probability

OS stratified by treatment modality

1.00 1
== Non-Surgery
== Surgery

0.751

0.50 1

0.251

p=0.018
0.00 1
0 10 20 30 40 50 60 70 80
Time (months)
Number at risk
Non-Surgery{ 11 6 2 1 0 0 0 0 0

Surgery{ 21 15 11 7 5 4 2 2 1

0 10 20 30 40 50 60 70 80
Time (months)




