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Supplementary Table S1. Representative publicly released thoracic and lung MRI resources and their released labels relevant to this study. For each resource, the table summarizes the released labels and the main limitation for whole-lung MRI segmentation evaluation.
	Resource
	MRI data
	Released labels
	Evaluation limitation

	Proton lung MRI and lobe masks [1]
	Proton lung MRI
	Estimated lobar masks
	Estimated labels rather than expert whole-lung reference annotations

	Free Breathing Lung MRI Dataset at 3T [2]
	Lung MRI
	None identified
	No released lung labels

	SynthRAD2025 Thorax Task 1 [3]
	Thoracic MRI and CT
	Body-outline mask
	No released lung labels

	TrackRAD2025 [4]
	Thoracic cine-MRI
	Tumor-tracking labels
	Task-specific labels, not lung labels

	BPD-Neo [5]
	Neonatal lung MRI
	Lung and trachea segmentations
	Neonatal setting distinct from the present study


Data sources
1	Figshare: Proton lung MRI and lobe masks. Available at https://figshare.com/articles/dataset/Proton_lung_MRI_and_lobe_masks/4964915. Accessed March 26, 2026.
2	Zenodo: Free Breathing Lung MRI Dataset at 3T. Available at https://zenodo.org/records/3733776. Accessed March 26, 2026.
3	Thummerer A, van der Bijl E, Galapon AJ, Kamp F, Savenije M, Muijs C, Aluwini S, Steenbakkers RJHM, Beuel S, Intven MPW, Langendijk JA, Both S, Corradini S, Rogowski V, Terpstra M, Wahl N, Kurz C, Landry G, Maspero M: SynthRAD2025 Grand Challenge dataset: Generating synthetic CTs for radiotherapy from head to abdomen. Med Phys 52:e17981, 2025.
4	Wang Y, Lombardo E, Thummerer A, Blöcker T, Fan Y, Zhao Y, Papadopoulou CI, Hurkmans C, Tijssen RHN, Görts PAW, Tetar SU, Cusumano D, Intven MPW, Borman P, Riboldi M, Dudáš D, Byrne H, Placidi L, Fusella M, Jameson M, Palacios M, Cobussen P, Finazzi T, Haasbeek CJA, Keall P, Kurz C, Landry G, Maspero M: TrackRAD2025 challenge dataset: real-time tumor tracking for MRI-guided radiotherapy. Med Phys 52:e17964, 2025.
5	Saluja R, Kovanlikaya A, Chien C, Blatt LK, Perlman JM, Worgall S, Sabuncu MR, Dyke JP: BPD-Neo: An MRI Dataset for Lung-Trachea Segmentation with Clinical Data for Neonatal Bronchopulmonary Dysplasia. Sci Data, DOI: 10.1038/s41597-026-07006-8, 2026.
 


Supplementary Table S2. Baseline-only sensitivity analysis for lung segmentation on MRI and SynCT variants. Segmentation performance was evaluated by applying the CT-driven nnU-Net to (i) CT images directly (Direct CT), (ii) MRI images directly (Direct MRI), and (iii) five SynCT variants from the ablation study. The SynCT variants include baseline, +3-channel diversity (3CH), +elastic deformation (ED), +3CH+ED, and the full model incorporating NMI-based numerical guidance. Values are reported as the slice-level mean ± SE. Dice scores and HD95 are presented in percentage (%) and mm, respectively. Bold text indicates the best performance in each column. Pairwise comparisons were performed against the proposed method. Asterisks denote statistical significance (* p < 0.05, ** p < 0.01, *** p < 0.001).
	Name
	3CH
	ED
	NMI
	Left lung
	Right lung
	Both lungs

	
	
	
	
	HD95 ↓
	Dice ↑
	HD95 ↓
	Dice ↑
	HD95 ↓
	Dice ↑

	Direct MRI
	-
	-
	-
	133.15
±2.23***
	68.59
±0.53***
	141.61
±2.54***
	66.89
±0.54***
	144.29
±2.19***
	56.67
±0.64***

	Direct CT
	-
	-
	-
	41.59
±1.10***
	85.14
±0.33***
	33.63
±0.88***
	86.94
±0.34***
	39.41
±0.99***
	80.63
±0.42***

	Baseline
	
	
	
	35.59
±1.18
	85.05
±0.38***
	32.27
±1.05***
	87.24
±0.36***
	36.54
±1.09***
	80.74
±0.46***

	w/ 3CH
	✓
	
	
	35.65
±1.15***
	85.70
±0.34***
	29.88
±0.90***
	87.64
±0.33***
	35.25
±1.02***
	81.46
±0.42***

	w/ ED
	
	✓
	
	34.80
±1.13
	86.03
±0.35**
	29.43
±0.93
	88.20
±0.32
	34.45
±1.01
	82.07
±0.41*

	w/ 3CH&ED
	✓
	✓
	
	34.82
±1.09***
	86.43
±0.31***
	29.07
±0.88***
	88.01
±0.31***
	34.24
±0.98***
	82.25
±0.39***

	Proposed
	✓
	✓
	✓
	33.61
±1.09
	86.59
±0.33
	27.74
±0.82
	88.54
±0.30
	32.80
±0.92
	82.69
±0.39





Supplementary Table S3. Sparse-slice sensitivity analysis for lung segmentation on MRI and SynCT variants. Segmentation performance was evaluated by applying the CT-driven nnU-Net to (i) CT images directly (Direct CT), (ii) MRI images directly (Direct MRI), and (iii) five SynCT variants from the ablation study. The SynCT variants include baseline, +3-channel diversity (3CH), +elastic deformation (ED), +3CH+ED, and the full model incorporating NMI-based numerical guidance. Values are reported as the slice-level mean ± SE. Dice scores and HD95 are presented in percentage (%) and mm, respectively. Bold text indicates the best performance in each column. Pairwise comparisons were performed against the proposed method. Asterisks denote statistical significance (* p < 0.05, ** p < 0.01, *** p < 0.001).
	Name
	3CH
	ED
	NMI
	Left lung
	Right lung
	Both lungs

	
	
	
	
	HD95 ↓
	Dice ↑
	HD95 ↓
	Dice ↑
	HD95 ↓
	Dice ↑

	Direct MRI
	-
	-
	-
	134.85
±3.07***
	68.21
±0.73***
	146.97
±3.48***
	66.01
±0.74***
	146.84
±3.01***
	56.08
±0.89***

	Direct CT
	-
	-
	-
	38.68
±1.40***
	85.79
±0.44***
	34.41
±1.20***
	86.91
±0.47***
	37.94
±1.28***
	81.17
±0.56***

	Baseline
	
	
	
	34.98
±1.52
	85.21
±0.51***
	32.55
±1.40***
	87.16
±0.47***
	35.72
±1.39***
	80.90
±0.61***

	w/ 3CH
	✓
	
	
	35.74
±1.56***
	85.74
±0.46***
	31.28
±1.29***
	87.39
±0.44***
	35.47
±1.40***
	81.45
±0.56***

	w/ ED
	
	✓
	
	34.77
±1.52
	86.08
±0.47*
	29.88
±1.25
	87.79
±0.45
	34.30
±1.36
	81.94
±0.56*

	w/ 3CH&ED
	✓
	✓
	
	34.31
±1.45***
	86.44
±0.43***
	29.63
±1.21*
	87.82
±0.43***
	33.92
±1.31***
	82.19
±0.53***

	Proposed
	✓
	✓
	✓
	33.35
±1.47
	86.66
±0.44
	28.95
±1.19
	88.18
±0.42
	33.14
±1.28
	82.56
±0.53



