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Additional Methods and Tables
This additional file provides detailed MRI acquisition parameters and supplementary tables supporting the main manuscript.
Supplementary Methods S1. Phantom MRI acquisition
3D and 4D-MRI: The 4D-MRI for the phantom was simulated by acquiring five static 3D T2W-MRI volumes at predefined positions within one motion cycle. A reference 3D T2W FSE scan was performed (TR = 2100 ms, TE = 205.585 ms, slice thickness = 1.2 mm; total scan time = 3.3 minutes), and the five phase volumes (e.g., 0%, 25%, 50%, 75%, and 100%) were assembled as the simulated 4D-MRI dataset for contouring.
Cine-MRI: Sagittal cine-MRI was acquired for the phantom using the default thorax protocol employing a T2 3D Tra sequence with the following parameters: TR = 2100 ms, TE = 206 ms, voxel dimensions = 2.0 x 2.0 x 2.4 mm, field-of-view = 320 x 448 x 300 mm, scan time = 200-228 s, matrix size = 160 x 224 x 250 slices, slice thickness = 2.4 mm, and number of signal averages = 2.
Supplementary Methods S2. Patient MRI acquisition
Cine-MRI: During patient positioning, patients were instructed to position both arms above the head, consistent with the radiotherapy delivery position. Sagittal cine-MRI was acquired using the Unity MR-Linac system (Elekta AB, Stockholm, Sweden). All MRI scans were performed on the integrated 1.5T wide-bore MRI system using an 8-channel body array coil. Sequence parameters were as follows: repetition time = 3.6 ms, echo time = 1.5 ms, flip angle = 70 degrees, temporal resolution = 0.5 s per frame (2 images per second), matrix size = 224 x 256 (interpolated to 512 x 512), field-of-view = 40 x 40 cm, and bandwidth = 125 kHz.

Additional file 1: 
	Table S1. Motion Pattern Parameters for the 4D Dynamic Thorax Phantom Study

	Motion pattern
	Time(s)
	Max Speed (mm/s)
	Amplitude Direction
	Direction

	
	
	
	IS
	AP
	LR
	

	Sin-10A
	4
	5
	10
	0
	0
	IS

	Sin-25A
	4.9
	10.2
	25
	0
	0
	IS

	Cos4AP
	4
	5
	10
	2.5
	1
	IS/AP/LR

	Heart
	1
	10
	5
	8
	6
	IS/AP/LR

	Sawtooth
	4
	5
	10
	2.5
	1
	IS/AP/LR

	Note: IS = Superior-Inferior, AP = Anterior-Posterior, LR = Left-Right. 
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	Table S2. Summary of tumor motion amplitude measurements

	A. Patient study: Motion amplitudes measured by 4D-CT and cine-MRI
	
	

	Cohort
	Modality
	Geometric Center Amplitude (mm, SI direction)
	　
	
	

	
	
	Mean ± SD
	Range
	
	

	Lung tumors (n=10)
	4D-CT
	16.7 ± 4.2
	5.5 – 27.8
	
	

	
	cine-MRI
	16.1 ± 3.4
	6.7 – 28.5
	
	

	Liver tumors (n=10)
	4D-CT
	20.2 ± 5.6
	7.8 – 29.4
	
	

	　
	cine-MRI
	24.2 ± 6.8
	8.2 – 31.5
	
	

	SI: Superior-Inferior; SD: Standard Deviation.
	
	

	B. Phantom study: Accuracy of motion amplitude capture across different patterns

	Motion Pattern
	Programmed Amplitude (mm, Ground Truth)
	Measured Amplitude (mm, Mean ± SD)
	Absolute Error (mm, Mean)

	
	
	4D-CT
	cine-MRI
	4D-CT
	cine-MRI

	Sin-10A
	10
	9.8 ± 0.3
	10.1 ± 0.4
	0.2
	0.1

	Sin-25A
	25
	24.5 ± 0.5
	25.2 ± 0.6
	0.5
	0.2

	Cos4AP
	10.0 (SI) / 2.5 (AP) / 1.0 (LR)
	9.7 ± 0.4
	10.3 ± 0.5
	0.3
	0.3

	Heart
	5.0 (SI) / 8.0 (AP) / 6.0 (LR)
	4.9 ± 0.6
	5.2 ± 0.7
	0.1
	0.2

	Sawtooth
	10.0 (SI) / 2.5 (AP) / 1.0 (LR)
	9.6 ± 0.5
	10.4 ± 0.6
	0.4
	0.4

	Overall Mean
	-
	11.7 ± 6.2
	12.2 ± 6.4
	0.3
	0.2

	SI: Superior-Inferior; AP: Anterior-Posterior; LR: Left-Right. The overall mean amplitude is calculated across all patterns and directions. The absolute error is the mean of the absolute differences between the measured and programmed amplitudes for each pattern.



