Table S1. DVH indices for SD, 4DDD, and 4DDDfx in SFUD and IMPT for representative three patents.


The upper and lower panels represent the 3- and 5-phase plans. 4DDDfx; Four Dimensional Dynamic Dose with Fraction Effect
image1.emf
P111 3-phase SFUD IMPT P105 3-phase SFUD IMPT P114 3-phase SFUD IMPT

SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx

iGTV D

2%

[GyRBE] 71.3 71.4 71.3 72.3 72.4 72.3 iGTV D

2%

[GyRBE] 71.8 72.0 71.9 72.8 72.7 72.6 iGTV D

2%

[GyRBE] 71.7 71.7 71.6 72.5 72.5 72.4

iGTV D

95%

[GyRBE] 70.1 69.9 69.9 70.3 69.8 69.7 iGTV D

95%

[GyRBE] 70.3 70.1 70.2 70.5 70.3 70.1 iGTV D

95%

[GyRBE] 70.1 69.9 70.0 70.4 70.3 70.1

iGTV D

98%

[GyRBE] 69.9 69.7 69.7 69.9 69.3 69.1 iGTV D

98%

[GyRBE] 70.1 69.9 70.0 69.9 69.8 69.4 iGTV D

98%

[GyRBE] 69.9 69.7 69.8 69.9 69.7 69.5

iGTV V

98%

[%] 100.0 100.0 100.0 99.8 99.7 99.2 iGTV V

98%

[%] 100.0 100.0 100.0 99.7 99.6 99.2 iGTV V

98%

[%] 100.0 100.0 100.0 99.7 99.7 99.3

iGTV V

100%

[%] 97.1 93.1 93.6 97.3 93.2 91.9 iGTV V

100%

[%] 98.8 97.2 98.3 97.8 97.2 95.7 iGTV V

100%

[%] 97.1 94.0 95.2 97.4 96.9 95.9

HI 0.020 0.024 0.022 0.034 0.043 0.044 HI 0.024 0.029 0.026 0.040 0.041 0.045 HI 0.026 0.028 0.026 0.037 0.039 0.041

CN 0.45 0.45 0.46 0.62 0.63 0.64 CN 0.31 0.31 0.32 0.51 0.52 0.53 CN 0.48 0.49 0.49 0.67 0.67 0.68

Lungs D

mean

[GyRBE] 6.3 6.3 6.3 5.9 5.9 5.9 Lungs D

mean

[GyRBE] 7.8 7.8 7.8 6.6 6.6 6.6 Lungs D

mean

[GyRBE] 8.3 8.3 8.3 7.2 7.2 7.2

Lungs V

20Gy

[%] 15.1 15.1 15.1 14.6 14.6 14.7 Lungs V

20Gy

[%] 16.8 16.8 16.8 16.6 16.6 16.6 Lungs V

20Gy

[%] 20.4 20.4 20.3 17.6 17.6 17.5

Lungs V

5Gy

[%] 17.8 17.9 17.9 17.5 17.5 17.6 Lungs V

5Gy

[%] 23.9 23.9 24.0 23.0 23.0 23.1 Lungs V

5Gy

[%] 26.0 26.0 26.1 23.7 23.6 23.7

Heart D

max

[GyRBE] 58.3 56.9 59.5 41.9 40.7 42.8 Heart D

max

[GyRBE] 71.9 71.7 71.2 67.8 67.1 66.2 Heart D

max

[GyRBE] 70.0 70.7 70.5 54.3 53.2 52.9

Heart D

mean

[GyRBE] 1.2 1.2 1.2 0.6 0.7 0.7 Heart D

mean

[GyRBE] 5.0 5.0 5.0 2.7 2.6 2.7 Heart D

mean

[GyRBE] 2.6 2.7 2.7 1.5 1.5 1.5

Esophagus D

max

[GyRBE] 71.0 70.4 70.3 66.1 66.0 67.2 Esophagus D

max

[GyRBE] 24.5 24.6 24.6 27.3 26.6 26.2 Esophagus D

max

[GyRBE] 68.1 68.0 67.6 44.6 44.2 44.3

Esophagus D

mean

[GyRBE] 12.0 12.2 12.2 5.0 5.2 5.2 Esophagus D

mean

[GyRBE] 2.3 2.3 2.3 1.8 1.7 1.7 Esophagus D

mean

[GyRBE] 8.5 8.7 8.7 4.0 4.2 4.2

Spinal Cord D

max

[GyRBE] 2.4 3.0 3.0 0.2 0.2 0.2 Spinal Cord D

max

[GyRBE] 16.8 16.7 16.8 26.0 26.0 25.3 Spinal Cord D

max

[GyRBE] 13.9 13.9 14.2 7.2 8.1 8.6

P111 5-phase SFUD IMPT P105 5-phase SFUD IMPT P114 5-phase SFUD IMPT

SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx SD 4DDD 4DDDfx

iGTV D

2%

[GyRBE] 71.6 71.8 71.7 72.4 72.7 72.8 iGTV D

2%

[GyRBE] 71.5 71.8 71.7 72.7 72.8 72.6 iGTV D

2%

[GyRBE] 71.9 72.8 72.6 72.4 73.0 72.9

iGTV D

95%

[GyRBE] 70.1 69.8 69.9 70.3 70.2 70.1 iGTV D

95%

[GyRBE] 70.1 69.7 69.7 70.5 69.8 69.7 iGTV D

95%

[GyRBE] 70.4 69.6 69.7 70.3 69.9 69.8

iGTV D

98%

[GyRBE] 69.9 69.6 69.6 69.9 69.6 69.5 iGTV D

98%

[GyRBE] 69.9 69.5 69.6 69.9 69.3 69.0 iGTV D

98%

[GyRBE] 70.2 69.1 69.2 69.9 69.4 69.2

iGTV V

98%

[%] 100.0 100.0 100.0 99.8 99.7 99.4 iGTV V

98%

[%] 100.0 100.0 100.0 99.8 99.2 98.8 iGTV V

98%

[%] 100.0 99.2 99.2 99.8 99.3 98.9

iGTV V

100%

[%] 97.4 90.8 92.5 97.4 96.3 95.4 iGTV V

100%

[%] 97.5 84.6 86.1 97.8 93.4 92.2 iGTV V

100%

[%] 99.3 89.0 90.0 97.4 93.9 93.3

HI 0.023 0.032 0.029 0.035 0.043 0.047 HI 0.022 0.033 0.030 0.039 0.049 0.050 HI 0.025 0.052 0.049 0.035 0.050 0.052

CN 0.45 0.45 0.46 0.64 0.63 0.64 CN 0.32 0.33 0.34 0.52 0.53 0.54 CN 0.48 0.49 0.50 0.69 0.68 0.69

Lungs D

mean

[GyRBE] 6.5 6.5 6.5 6.1 6.1 6.1 Lungs D

mean

[GyRBE] 7.9 7.9 7.9 6.7 6.6 6.6 Lungs D

mean

[GyRBE] 8.8 8.7 8.7 7.6 7.6 7.6

Lungs V

20Gy

[%] 15.4 15.3 15.3 14.9 14.8 14.8 Lungs V

20Gy

[%] 20.2 20.1 20.1 16.3 16.3 16.3 Lungs V

20Gy

[%] 21.4 21.2 21.2 18.3 18.2 18.2

Lungs V

5Gy

[%] 18.0 18.0 18.1 17.7 17.6 17.7 Lungs V

5Gy

[%] 25.0 25.0 25.1 23.2 23.2 23.3 Lungs V

5Gy

[%] 26.8 26.9 26.9 24.3 24.3 24.3

Heart D

max

[GyRBE] 64.6 60.9 62.6 46.7 44.3 46.7 Heart D

max

[GyRBE] 71.4 71.0 70.7 68.3 67.2 66.7 Heart D

max

[GyRBE] 70.1 70.4 70.3 52.1 52.0 52.1

Heart D

mean

[GyRBE] 1.4 1.4 1.4 0.7 0.7 0.7 Heart D

mean

[GyRBE] 5.1 5.0 5.0 2.9 2.8 2.8 Heart D

mean

[GyRBE] 2.8 3.1 3.1 1.6 1.8 1.8

Esophagus D

max

[GyRBE] 70.4 69.9 69.9 69.1 68.9 68.2 Esophagus D

max

[GyRBE] 24.6 24.5 24.6 28.4 25.3 25.0 Esophagus D

max

[GyRBE] 67.6 66.7 66.6 55.7 54.3 54.0

Esophagus D

mean

[GyRBE] 12.7 12.9 12.8 5.0 5.0 5.0 Esophagus D

mean

[GyRBE] 2.6 2.6 2.6 2.0 2.0 2.0 Esophagus D

mean

[GyRBE] 9.3 9.6 9.6 4.9 5.2 5.2

Spinal Cord D

max

[GyRBE] 1.5 2.2 2.3 0.2 0.3 0.4 Spinal Cord D

max

[GyRBE] 16.9 16.8 16.9 22.9 22.9 22.0 Spinal Cord D

max

[GyRBE] 19.2 17.8 18.1 8.5 11.2 10.7
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■Table1 Case 2024

				Table 1. Patient characteristics: tumor location, target volumes, tumor amplitude (maximum distance between GTVs at two phases), and cases with OARs within 2 cm from iGTV.



				Patient
name		Tumor
location		GTV volume on 
CT50% (cc) 		iGTV volume on 
CT40-60% (cc) 		iGTV volume on 
CT30-70% (cc) 		Amplitude(mm)		Heart within 
2 cm from iGTV		Esophagus within 2 cm from iGTV		Spinal Cord within 2 cm from iGTV

				P101		RUL		31.8		37.8		41.3		7.5		○		○

				P103		RUL		57.6		63.1		65.0		5.8				○		○

				P104		LUL		46.5		59.2		65.0		5.2		○		○

				P105		LLL		33.3		43.5		47.7		7.9		○

				P106		RUL		145.5		167.6		171.0		5.8		○		○		○

				P107		LUL		19.8		21.9		22.7		3.7

				P108		RUL		9.6		12.2		13.6		3.0

				P110		RLL		52.2		68.9		75.7		7.0		○		○

				P111		RLL		81.3		88.7		97.2		12.0		○		○

				P113		LLL		78.2		75.1		81.6		6.6		○		○

				P114		RLL		162.3		173.7		192.7		10.0		○		○		○

				P115		RUL		6.2		7.6		8.7		3.6						○

				P116		LUL		34.7		38.7		41.3		3.5		○

				P117		RUL		9.7		10.9		12.9		4.7

				P118		RUL		12.7		17.9		19.2		6.8



				iGTV, internal gross tumor volume; LLL, left lower lobe; LUL, left upper lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe.







■Table2_2024

				Table 2. DVH indices for SD and 4DDD in SFUD and IMPT. 



				3-phase						SFUD								IMPT

								SD		4DDD		p-Value				SD		4DDD		p-Value

				iGTV D2%		[GyRBE]		71.5 ± 0.2		71.6 ± 0.4		0.096				72.4 ± 0.4		72.5 ± 0.4		0.335

				iGTV D95%		[GyRBE]		70.2 ± 0.1		70.0 ± 0.2		0.002*				70.3 ± 0.1		70.2 ± 0.2		0.018*

				iGTV D98%		[GyRBE]		70.0 ± 0.1		69.9 ± 0.2		0.002*				69.9 ± 0.1		69.8 ± 0.2		0.004*

				iGTV V98%		[%]		100.0 ± 0.0		100.0 ± 0.0		0.080				99.8 ± 0.1		99.7 ± 0.2		0.004*

				iGTV V100%		[%]		98.2 ± 0.9		95.5 ± 3.5		0.003*				97.6 ± 0.4		96.7 ± 1.4		0.017*

				HI				0.020 ± 0.003		0.025 ± 0.006		0.002*				0.035 ± 0.005		0.038 ± 0.008		0.026*

				CN				0.335 ± 0.086		0.338 ± 0.087		0.005*				0.509 ± 0.110		0.510 ± 0.110		0.410

				Lungs Dmean		[GyRBE]		7.0 ± 2.4		7.0 ± 2.4		0.244				6.0 ± 2.1		6.0 ± 2.1		0.293

				Lungs V20Gy		[%]		16.5 ± 5.3		16.4 ± 5.3		0.332				14.3 ± 5.1		14.3 ± 5.1		0.379

				Lungs V5Gy		[%]		21.4 ± 6.3		21.4 ± 6.3		0.998				19.4 ± 5.7		19.4 ± 5.7		0.746

				Heart Dmax		[GyRBE]		65.7 ± 10.1		65.4 ± 10.6		0.258				58.9 ± 15.4		58.4 ± 15.5		0.065

				Heart Dmean		[GyRBE]		3.1 ± 1.7		3.1 ± 1.6		0.941				1.7 ± 0.9		1.7 ± 0.9		0.750

				Esophagus Dmax		[GyRBE]		62.5 ± 13.6		62.4 ± 13.3		0.388				53.1 ± 18.3		52.9 ± 18.2		0.384

				Esophagus Dmean		[GyRBE]		11.0 ± 5.3		11.0 ± 5.3		0.092				6.5 ± 3.9		6.6 ± 3.9		0.269

				Spinal Cord Dmax		[GyRBE]		29.1 ± 12.4		29.0 ± 12.4		0.258				18.4 ± 7.9		18.6 ± 7.5		0.523



				5-phase						SFUD								IMPT

								SD		4DDD		p-Value				SD		4DDD		p-Value

				iGTV D2%		[GyRBE]		71.5 ± 0.2		71.8 ± 0.5		0.007*				72.4 ± 0.3		72.6 ± 0.5		0.013*

				iGTV D95%		[GyRBE]		70.2 ± 0.1		69.8 ± 0.2		< 0.001*				70.3 ± 0.1		69.9 ± 0.4		0.002*

				iGTV D98%		[GyRBE]		70.0 ± 0.1		69.5 ± 0.3		< 0.001*				69.9 ± 0.1		69.3 ± 0.6		0.001*

				iGTV V98%		[%]		100.0 ± 0.0		99.9 ± 0.2		0.032*				99.8 ± 0.1		99.1 ± 1.2		0.035*

				iGTV V100%		[%]		98.4 ± 1.0		89.3 ± 7.2		< 0.001*				97.7 ± 0.3		94.0 ± 3.3		0.001*

				HI				0.021 ± 0.003		0.033 ± 0.010		< 0.001*				0.034 ± 0.005		0.046 ± 0.013		0.001*

				CN				0.344 ± 0.083		0.350 ± 0.085		< 0.001*				0.523 ± 0.106		0.526 ± 0.102		0.299

				Lungs Dmean		[GyRBE]		7.2 ± 2.4		7.1 ± 2.4		0.234				6.1 ±  2.2		6.1 ± 2.1		0.321

				Lungs V20Gy		[%]		16.8 ± 5.3		16.7 ± 5.3		0.377				14.6 ± 5.2		14.5 ± 5.2		0.464

				Lungs V5Gy		[%]		21.8 ± 6.2		21.8 ± 6.3		0.703				19.8 ± 5.8		19.8 ± 5.8		0.685

				Heart Dmax		[GyRBE]		66.3 ± 10		65.5 ± 11.1		0.157				59.3 ± 15.5		58.7 ± 15.7		0.105

				Heart Dmean		[GyRBE]		3.2 ± 1.7		3.2 ± 1.6		0.754				1.8 ± 1.0		1.8 ± 1.0		0.790

				Esophagus Dmax		[GyRBE]		62.6 ± 12.9		62.3 ± 13		0.225				54.9 ± 18.5		54.6 ± 18.8		0.445

				Esophagus Dmean		[GyRBE]		11.3 ± 5.2		11.5 ± 5.2		0.005*				6.5 ± 3.8		6.7 ± 3.8		0.028*

				Spinal Cord Dmax		[GyRBE]		30.9 ± 11.5		30.5 ± 11.9		0.360				20.2 ± 8.7		21.1 ± 8.1		0.243



				Data are represented as mean ± standard deviation and their respective p-values. The upper and lower panels represent the 3- and 5-phase plans. The asterisk (*) indicates statistically significant.





































































































































































Table2_2023

				Table 2. DVH indices for SD and 4DDD in SFUD and IMPT. 



				3-phase						SFUD								IMPT

								SD		4DDD		p-Value				SD		4DDD		p-Value

				iGTV D2%		[GyRBE]		71.5 ± 0.2		71.6 ± 0.4		0.096				72.4 ± 0.4		72.5 ± 0.4		0.335

				iGTV D95%		[GyRBE]		70.2 ± 0.1		70.0 ± 0.2		0.002*				70.3 ± 0.1		70.2 ± 0.2		0.018*

				iGTV D98%		[GyRBE]		70.0 ± 0.1		69.9 ± 0.2		0.002*				69.9 ± 0.1		69.8 ± 0.2		0.004*

				iGTV V98%		[%]		100.0 ± 0.0		100.0 ± 0.0		0.080				99.8 ± 0.1		99.7 ± 0.2		0.004*

				iGTV V100%		[%]		98.2 ± 0.9		95.5 ± 3.5		0.003*				97.6 ± 0.4		96.7 ± 1.4		0.017*

				HI				0.020 ± 0.003		0.025 ± 0.006		0.002*				0.035 ± 0.005		0.038 ± 0.008		0.026*

				CN				0.335 ± 0.086		0.338 ± 0.087		0.005*				0.509 ± 0.110		0.510 ± 0.110		0.410

				Lungs Dmean		[GyRBE]		7.0 ± 2.4		7.0 ± 2.4		0.244				6.0 ± 2.1		6.0 ± 2.1		0.293

				Lungs V20Gy		[%]		16.5 ± 5.3		16.4 ± 5.3		0.332				14.3 ± 5.1		14.3 ± 5.1		0.379

				Lungs V5Gy		[%]		21.4 ± 6.3		21.4 ± 6.3		0.998				19.4 ± 5.7		19.4 ± 5.7		0.746



				Heart Dmean		[GyRBE]		1.9 ± 2.0		1.9 ± 1.9		0.823				1.0 ± 1.1		1.0 ± 1.1		0.819



				Esophagus Dmean		[GyRBE]		6.3 ± 6.3		6.4 ± 6.3		0.051				3.7 ± 4.2		3.7 ± 4.2		0.338

				Spinal Cord Dmax		[GyRBE]		12.6 ± 12.8		12.7 ± 12.7		0.562				9.5 ± 9.6		9.6 ± 9.5		0.267



				5-phase						SFUD								IMPT

								SD		4DDD		p-Value				SD		4DDD		p-Value

				iGTV D2%		[GyRBE]		71.5 ± 0.2		71.8 ± 0.5		0.007*				72.4 ± 0.3		72.6 ± 0.5		0.013*

				iGTV D95%		[GyRBE]		70.2 ± 0.1		69.8 ± 0.2		< 0.001*				70.3 ± 0.1		69.9 ± 0.4		0.002*

				iGTV D98%		[GyRBE]		70.0 ± 0.1		69.5 ± 0.3		< 0.001*				69.9 ± 0.1		69.3 ± 0.6		0.001*

				iGTV V98%		[%]		100.0 ± 0.0		99.9 ± 0.2		0.032*				99.8 ± 0.1		99.1 ± 1.2		0.035*

				iGTV V100%		[%]		98.4 ± 1.0		89.3 ± 7.2		< 0.001*				97.7 ± 0.3		94.0 ± 3.3		0.001*

				HI				0.021 ± 0.003		0.033 ± 0.010		< 0.001*				0.034 ± 0.005		0.046 ± 0.013		0.001*

				CN				0.344 ± 0.083		0.350 ± 0.085		< 0.001*				0.523 ± 0.106		0.526 ± 0.102		0.299

				Lungs Dmean		[GyRBE]		7.2 ± 2.4		7.1 ± 2.4		0.234				6.1 ±  2.2		6.1 ± 2.1		0.321

				Lungs V20Gy		[%]		16.8 ± 5.3		16.7 ± 5.3		0.377				14.6 ± 5.2		14.5 ± 5.2		0.464

				Lungs V5Gy		[%]		21.8 ± 6.2		21.8 ± 6.3		0.703				19.8 ± 5.8		19.8 ± 5.8		0.685



				Heart Dmean		[GyRBE]		1.9 ± 2.0		2.0 ± 2.0		0.504				1.1 ± 1.1		1.1 ± 1.1		0.659



				Esophagus Dmean		[GyRBE]		6.6 ± 6.4		6.7 ± 6.4		0.002*				3.7 ± 4.1		3.8 ± 4.2		0.044*

				Spinal Cord Dmax		[GyRBE]		13.0 ± 13.2		13.2 ± 13.0		0.465				9.7 ± 9.7		10.0 ± 9.7		0.229



				Data are represented as mean ± standard deviation and their respective p-values. The upper and lower panels represent the 3- and 5-phase plans. The asterisk (*) indicates statistically significant.
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				Table 3. Relative differences in the DVH indices between SD and 4DDD (ΔI) for SFUD and IMPT.																						ΔI ( 4DDD-SD ) / SD   ×100 



										3-phase								5-phase

								SFUD		IMPT		p-Value				SFUD		IMPT		p-Value

				iGTV D2%		[%]		0.22 ± 0.47		0.09 ± 0.33		0.058				0.45 ± 0.53		0.37 ± 0.49		0.331

				iGTV D95%		[%]		-0.21 ± 0.21		-0.15 ± 0.21		0.340				-0.62 ± 0.40		-0.65 ± 0.62		0.850

				iGTV D98%		[%]		-0.25 ± 0.24		-0.22 ± 0.24		0.729				-0.75 ± 0.49		-0.83 ± 0.78		0.687

				iGTV V98%		[%]		-0.01 ± 0.02		-0.09 ± 0.10		0.003*				-0.14 ± 0.22		-0.74 ± 1.19		0.079

				iGTV V100%		[%]		-2.82 ± 3.00		-0.91 ± 1.25		0.015*				-9.24 ± 7.27		-3.79 ± 3.32		0.005*

				HI		[%]		23.58 ± 25.27		8.48 ± 12.59		0.008*				56.74 ± 36.83		33.95 ± 30.33		<0.001*

				CN		[%]		0.61 ± 0.71		0.19 ± 0.73		0.039*				1.92 ± 1.36		0.80 ± 2.43		0.093

				Lungs Dmean		[%]		-0.21 ± 0.47		-0.18 ± 0.49		0.476				-0.61 ± 1.34		-0.50 ± 1.46		0.152

				Lungs V20Gy		[%]		-0.15 ± 0.40		-0.14 ± 0.48		0.841				-0.43 ± 1.31		-0.34 ± 1.47		0.372

				Lungs V5Gy		[%]		-0.05 ± 0.35		-0.05 ± 0.35		1.000				-0.22 ± 0.87		-0.17 ± 1.02		0.756

				Heart Dmax		[%]		-0.62 ± 1.31		-1.13 ± 1.3		0.298				-1.64 ± 3.04		-1.1 ± 1.65		0.560

				Heart Dmean		[%]		1.29 ± 2.83		0.43 ± 2.26		0.184				2.48 ± 5.35		0.81 ± 3.9		0.368

				Esophagus Dmax		[%]		-0.08 ± 0.72		-0.26 ± 1.61		0.673				-0.44 ± 0.73		-0.95 ± 1.92		0.380

				Esophagus Dmean		[%]		0.92 ± 1.2		1.1 ± 1.74		0.806				2.27 ± 1.55		4.35 ± 5.12		0.258

				Spinal Cord Dmax		[%]		-0.29 ± 0.31		2.93 ± 5.53		0.374				-1.87 ± 3.14		8.67 ± 13.39		0.350



				Data are represented as mean ± standard deviation and their respective p-values. The left and right panels represent the 3- and 5-phase plans. The asterisk (*) indicates statistically significant. The bold characters indicate the indices with statistically significant differences between SD and 4DDD.













































































































Table3_2023

				Table 3. Relative differences in the DVH indices between SD and 4DDD (ΔI) for SFUD and IMPT.																						ΔI ( 4DDD-SD ) / SD   ×100 



										3-phase								5-phase

								SFUD		IMPT		p-Value				SFUD		IMPT		p-Value

				iGTV D2%		[%]		0.22 ± 0.47		0.09 ± 0.33		0.058				0.45 ± 0.53		0.37 ± 0.49		0.331

				iGTV D95%		[%]		-0.21 ± 0.21		-0.15 ± 0.21		0.340				-0.62 ± 0.40		-0.65 ± 0.62		0.850

				iGTV D98%		[%]		-0.25 ± 0.24		-0.22 ± 0.24		0.729				-0.75 ± 0.49		-0.83 ± 0.78		0.687

				iGTV V98%		[%]		-0.01 ± 0.02		-0.09 ± 0.10		0.003*				-0.14 ± 0.22		-0.74 ± 1.19		0.079

				iGTV V100%		[%]		-2.82 ± 3.00		-0.91 ± 1.25		0.015*				-9.24 ± 7.27		-3.79 ± 3.32		0.005*

				HI		[%]		23.58 ± 25.27		8.48 ± 12.59		0.008*				56.74 ± 36.83		33.95 ± 30.33		<0.001*

				CN		[%]		0.61 ± 0.71		0.19 ± 0.73		0.039*				1.92 ± 1.36		0.80 ± 2.43		0.093

				Lungs Dmean		[%]		-0.21 ± 0.47		-0.18 ± 0.49		0.476				-0.61 ± 1.34		-0.50 ± 1.46		0.152

				Lungs V20Gy		[%]		-0.15 ± 0.40		-0.14 ± 0.48		0.841				-0.43 ± 1.31		-0.34 ± 1.47		0.372

				Lungs V5Gy		[%]		-0.05 ± 0.35		-0.05 ± 0.35		1.000				-0.22 ± 0.87		-0.17 ± 1.02		0.756



				Heart Dmean		[%]		0.04 ± 9.83		-3.16 ± 17.10		0.224				4.32 ± 18.08		3.41 ± 36.13		0.871



				Esophagus Dmean		[%]		2.33 ± 4.91		3.25 ± 9.66		0.529				9.61 ± 23.70		22.17 ± 55.97		0.173

				Spinal Cord Dmax		[%]		2.95 ± 8.83		1.96 ± 4.81		0.673				7.54 ± 18.76		9.37 ± 18.24		0.576



				Data are represented as mean ± standard deviation and their respective p-values. The left and right panels represent the 3- and 5-phase plans. The asterisk (*) indicates statistically significant. The bold characters indicate the indices with statistically significant differences between SD and 4DDD.













































































































■Table4 fx P111,114,105

				Table 4. DVH indices of SD, 4DDD, and 4DDDfx in three patients with large amplitude.



				P111 3-phase						SFUD								IMPT						P105 3-phase						SFUD								IMPT						P114 3-phase						SFUD								IMPT

								SD		4DDD		4DDDfx				SD		4DDD		4DDDfx								SD		4DDD		4DDDfx				SD		4DDD		4DDDfx								SD		4DDD		4DDDfx				SD		4DDD		4DDDfx

				iGTV D2%		[GyRBE]		71.3		71.4		71.3				72.3		72.4		72.3				iGTV D2%		[GyRBE]		71.8		72.0		71.9				72.8		72.7		72.6				iGTV D2%		[GyRBE]		71.7		71.7		71.6				72.5		72.5		72.4

				iGTV D95%		[GyRBE]		70.1		69.9		69.9				70.3		69.8		69.7				iGTV D95%		[GyRBE]		70.3		70.1		70.2				70.5		70.3		70.1				iGTV D95%		[GyRBE]		70.1		69.9		70.0				70.4		70.3		70.1

				iGTV D98%		[GyRBE]		69.9		69.7		69.7				69.9		69.3		69.1				iGTV D98%		[GyRBE]		70.1		69.9		70.0				69.9		69.8		69.4				iGTV D98%		[GyRBE]		69.9		69.7		69.8				69.9		69.7		69.5

				iGTV V98%		[%]		100.0		100.0		100.0				99.8		99.7		99.2				iGTV V98%		[%]		100.0		100.0		100.0				99.7		99.6		99.2				iGTV V98%		[%]		100.0		100.0		100.0				99.7		99.7		99.3

				iGTV V100%		[%]		97.1		93.1		93.6				97.3		93.2		91.9				iGTV V100%		[%]		98.8		97.2		98.3				97.8		97.2		95.7				iGTV V100%		[%]		97.1		94.0		95.2				97.4		96.9		95.9

				HI				0.020		0.024		0.022				0.034		0.043		0.044				HI				0.024		0.029		0.026				0.040		0.041		0.045				HI				0.026		0.028		0.026				0.037		0.039		0.041

				CN				0.45		0.45		0.46				0.62		0.63		0.64				CN				0.31		0.31		0.32				0.51		0.52		0.53				CN				0.48		0.49		0.49				0.67		0.67		0.68

				Lungs Dmean		[GyRBE]		6.3		6.3		6.3				5.9		5.9		5.9				Lungs Dmean		[GyRBE]		7.8		7.8		7.8				6.6		6.6		6.6				Lungs Dmean		[GyRBE]		8.3		8.3		8.3				7.2		7.2		7.2

				Lungs V20Gy		[%]		15.1		15.1		15.1				14.6		14.6		14.7				Lungs V20Gy		[%]		16.8		16.8		16.8				16.6		16.6		16.6				Lungs V20Gy		[%]		20.4		20.4		20.3				17.6		17.6		17.5

				Lungs V5Gy		[%]		17.8		17.9		17.9				17.5		17.5		17.6				Lungs V5Gy		[%]		23.9		23.9		24.0				23.0		23.0		23.1				Lungs V5Gy		[%]		26.0		26.0		26.1				23.7		23.6		23.7

				Heart Dmax		[GyRBE]		58.3		56.9		59.5				41.9		40.7		42.8				Heart Dmax		[GyRBE]		71.9		71.7		71.2				67.8		67.1		66.2				Heart Dmax		[GyRBE]		70.0		70.7		70.5				54.3		53.2		52.9

				Heart Dmean		[GyRBE]		1.2		1.2		1.2				0.6		0.7		0.7				Heart Dmean		[GyRBE]		5.0		5.0		5.0				2.7		2.6		2.7				Heart Dmean		[GyRBE]		2.6		2.7		2.7				1.5		1.5		1.5

				Esophagus Dmax		[GyRBE]		71.0		70.4		70.3				66.1		66.0		67.2				Esophagus Dmax		[GyRBE]		24.5		24.6		24.6				27.3		26.6		26.2				Esophagus Dmax		[GyRBE]		68.1		68.0		67.6				44.6		44.2		44.3

				Esophagus Dmean		[GyRBE]		12.0		12.2		12.2				5.0		5.2		5.2				Esophagus Dmean		[GyRBE]		2.3		2.3		2.3				1.8		1.7		1.7				Esophagus Dmean		[GyRBE]		8.5		8.7		8.7				4.0		4.2		4.2

				Spinal Cord Dmax		[GyRBE]		2.4		3.0		3.0				0.2		0.2		0.2				Spinal Cord Dmax		[GyRBE]		16.8		16.7		16.8				26.0		26.0		25.3				Spinal Cord Dmax		[GyRBE]		13.9		13.9		14.2				7.2		8.1		8.6



				P111 5-phase						SFUD								IMPT						P105 5-phase						SFUD								IMPT						P114 5-phase						SFUD								IMPT

								SD		4DDD		4DDDfx				SD		4DDD		4DDDfx								SD		4DDD		4DDDfx				SD		4DDD		4DDDfx								SD		4DDD		4DDDfx				SD		4DDD		4DDDfx

				iGTV D2%		[GyRBE]		71.6		71.8		71.7				72.4		72.7		72.8				iGTV D2%		[GyRBE]		71.5		71.8		71.7				72.7		72.8		72.6				iGTV D2%		[GyRBE]		71.9		72.8		72.6				72.4		73.0		72.9

				iGTV D95%		[GyRBE]		70.1		69.8		69.9				70.3		70.2		70.1				iGTV D95%		[GyRBE]		70.1		69.7		69.7				70.5		69.8		69.7				iGTV D95%		[GyRBE]		70.4		69.6		69.7				70.3		69.9		69.8

				iGTV D98%		[GyRBE]		69.9		69.6		69.6				69.9		69.6		69.5				iGTV D98%		[GyRBE]		69.9		69.5		69.6				69.9		69.3		69.0				iGTV D98%		[GyRBE]		70.2		69.1		69.2				69.9		69.4		69.2

				iGTV V98%		[%]		100.0		100.0		100.0				99.8		99.7		99.4				iGTV V98%		[%]		100.0		100.0		100.0				99.8		99.2		98.8				iGTV V98%		[%]		100.0		99.2		99.2				99.8		99.3		98.9

				iGTV V100%		[%]		97.4		90.8		92.5				97.4		96.3		95.4				iGTV V100%		[%]		97.5		84.6		86.1				97.8		93.4		92.2				iGTV V100%		[%]		99.3		89.0		90.0				97.4		93.9		93.3

				HI				0.023		0.032		0.029				0.035		0.043		0.047				HI				0.022		0.033		0.030				0.039		0.049		0.050				HI				0.025		0.052		0.049				0.035		0.050		0.052

				CN				0.45		0.45		0.46				0.64		0.63		0.64				CN				0.32		0.33		0.34				0.52		0.53		0.54				CN				0.48		0.49		0.50				0.69		0.68		0.69

				Lungs Dmean		[GyRBE]		6.5		6.5		6.5				6.1		6.1		6.1				Lungs Dmean		[GyRBE]		7.9		7.9		7.9				6.7		6.6		6.6				Lungs Dmean		[GyRBE]		8.8		8.7		8.7				7.6		7.6		7.6

				Lungs V20Gy		[%]		15.4		15.3		15.3				14.9		14.8		14.8				Lungs V20Gy		[%]		20.2		20.1		20.1				16.3		16.3		16.3				Lungs V20Gy		[%]		21.4		21.2		21.2				18.3		18.2		18.2

				Lungs V5Gy		[%]		18.0		18.0		18.1				17.7		17.6		17.7				Lungs V5Gy		[%]		25.0		25.0		25.1				23.2		23.2		23.3				Lungs V5Gy		[%]		26.8		26.9		26.9				24.3		24.3		24.3

				Heart Dmax		[GyRBE]		64.6		60.9		62.6				46.7		44.3		46.7				Heart Dmax		[GyRBE]		71.4		71.0		70.7				68.3		67.2		66.7				Heart Dmax		[GyRBE]		70.1		70.4		70.3				52.1		52.0		52.1

				Heart Dmean		[GyRBE]		1.4		1.4		1.4				0.7		0.7		0.7				Heart Dmean		[GyRBE]		5.1		5.0		5.0				2.9		2.8		2.8				Heart Dmean		[GyRBE]		2.8		3.1		3.1				1.6		1.8		1.8

				Esophagus Dmax		[GyRBE]		70.4		69.9		69.9				69.1		68.9		68.2				Esophagus Dmax		[GyRBE]		24.6		24.5		24.6				28.4		25.3		25.0				Esophagus Dmax		[GyRBE]		67.6		66.7		66.6				55.7		54.3		54.0

				Esophagus Dmean		[GyRBE]		12.7		12.9		12.8				5.0		5.0		5.0				Esophagus Dmean		[GyRBE]		2.6		2.6		2.6				2.0		2.0		2.0				Esophagus Dmean		[GyRBE]		9.3		9.6		9.6				4.9		5.2		5.2

				Spinal Cord Dmax		[GyRBE]		1.5		2.2		2.3				0.2		0.3		0.4				Spinal Cord Dmax		[GyRBE]		16.9		16.8		16.9				22.9		22.9		22.0				Spinal Cord Dmax		[GyRBE]		19.2		17.8		18.1				8.5		11.2		10.7



				Data are represented as mean ± standard deviation. The upper and lower panels represent the 3- and 5-phase plans.






































































































