
Additional file 2. Univariate analyses for risk factors related to PBT of overall survival
	Risk factor
	
	
	No. of
	Log rank test

	
	
	
	patients
	MST (months)
	p

	Volume of GTV
	
	
	
	

	
	Median, ml
	11.2
	
	
	0.100

	
	
	<11.2
	13
	28.7
	

	
	
	≥11.2
	13
	18.9
	

	Maximal absolute dose of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	90.5
	
	
	0.500

	
	
	<90.5
	13
	23.7
	

	
	
	≥90.5
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	23.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	1
	18.9
	0.400

	
	
	≥84.0
	25
	23.7
	

	D2 ml of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	89.9
	
	
	0.500

	
	
	<89.9
	13
	23.7
	

	
	
	≥89.9
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	1
	18.9
	0.500

	
	
	≥84.0
	25
	28.7
	

	Mean dose of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	85.9
	
	
	0.400

	
	
	<85.9
	13
	28.7
	

	
	
	≥85.9
	13
	23.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	3
	10.6
	0.010*

	
	
	≥79.2
	23
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	7
	18.9
	0.500

	
	
	≥84.0
	19
	28.7
	

	D50 of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	86.8
	
	
	0.700

	
	
	<86.8
	13
	28.7
	

	
	
	≥86.8
	13
	23.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	2
	14.8
	0.500

	
	
	≥79.2
	24
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	4
	14.8
	0.100

	
	
	≥84.0
	22
	28.7
	

	D95 of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	81.3
	
	
	0.300

	
	
	<81.3
	14
	19.9
	

	
	
	≥81.3
	12
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	12
	19.9
	0.400

	
	
	≥79.2
	14
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	16
	23.7
	0.200

	
	
	≥84.0
	10
	28.7
	

	D98 of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	75.8
	
	
	0.500

	
	
	<75.8
	13
	19.9
	

	
	
	≥75.8
	13
	23.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	16
	23.7
	0.300

	
	
	≥79.2
	10
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	16
	23.7
	0.300

	
	
	≥84.0
	10
	28.7
	

	Minimum absolute dose of GTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	63.5
	
	
	0.500

	
	
	<63.5
	13
	19.9
	

	
	
	≥63.5
	13
	23.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	16
	23.7
	0.300

	
	
	≥79.2
	10
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	19
	22.9
	0.100

	
	
	≥84.0
	7
	NA
	

	Volume of CTV
	
	
	
	

	
	Median, ml
	66.2
	
	
	0.080

	
	
	<66.2
	14
	28.7
	

	
	
	≥66.2
	12
	12.1
	

	Maximal absolute dose of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	91.4
	
	
	0.400

	
	
	<91.4
	13
	19.9
	

	
	
	≥91.4
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	


	
	84.0, Gy (RBE) [BED10]
	<84.0
	1
	18.9
	0.400

	
	
	≥84.0
	25
	28.7
	

	D2 ml of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	90.8
	
	
	0.500

	
	
	<90.8
	13
	23.7
	

	
	
	≥90.8
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	1
	18.9
	0.400

	
	
	≥84.0
	25
	28.7
	

	Mean dose of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	85.1
	
	
	0.300

	
	
	<85.1
	13
	18.9
	

	
	
	≥85.1
	13
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	3
	10.6
	0.010*

	
	
	≥79.2
	23
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	10
	18.9
	0.500

	
	
	≥84.0
	16
	28.7
	

	D50 of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	88.4
	
	
	0.400

	
	
	<88.4
	13
	10.6
	

	
	
	≥88.4
	13
	19.9
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	3
	10.6
	0.010*

	
	
	≥84.0
	23
	28.7
	

	D95 of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	67.7
	
	
	0.100

	
	
	<67.7
	13
	18.9
	

	
	
	≥67.7
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	18
	19.9
	0.200

	
	
	≥79.2
	8
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	19
	23.7
	0.200

	
	
	≥84.0
	7
	NA
	

	D98 of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	59.7
	
	
	0.500

	
	
	<59.7
	13
	19.9
	

	
	
	≥59.7
	13
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	20
	22.9
	0.300

	
	
	≥79.2
	6
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	21
	23.7
	0.200

	
	
	≥84.0
	5
	NA
	

	Minimum absolute dose of CTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	50.3
	
	
	0.400

	
	
	<50.3
	13
	33.1
	

	
	
	≥50.3
	13
	23.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	23
	23.7
	0.400

	
	
	≥79.2
	3
	NA
	

	
	 84.0, Gy (RBE) [BED10]
	<84.0
	24
	23.7
	0.600

	
	
	≥84.0
	2
	4.2
	

	Volume of PTV
	
	
	
	

	
	Median, ml
	153.3
	
	
	0.080

	
	
	<153.3
	14
	28.7
	

	
	
	≥153.3
	12
	12.1
	

	Maximal absolute dose of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	91.7
	
	
	0.400

	
	
	<91.7
	13
	19.9
	

	
	
	≥91.7
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	1
	18.9
	0.400

	
	
	≥84.0
	25
	28.7
	

	D2 ml of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	90.7
	
	
	0.500

	
	
	<90.7
	13
	23.7
	

	
	
	≥90.7
	13
	30.8
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	1
	18.9
	0.400

	
	
	≥84.0
	25
	28.7
	

	Mean dose of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	80.4
	
	
	0.600

	
	
	<80.4
	12
	23.7
	

	
	
	≥80.4
	14
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	10
	18.9
	0.500

	
	
	≥79.2
	16
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	18
	23.7
	0.500

	
	
	≥84.0
	8
	26.9
	

	D50 of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	86.4
	
	
	0.700

	
	
	<86.4
	13
	28.7
	

	
	
	≥86.4
	13
	23.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	1
	18.9
	0.400

	
	
	≥79.2
	25
	28.7
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	8
	18.9
	0.300

	
	
	≥84.0
	18
	28.7
	

	D95 of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	53.2
	
	
	0.700

	
	
	<53.2
	13
	23.7
	

	
	
	≥53.2
	13
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	23
	23.7
	1.000

	
	
	≥79.2
	3
	12.1
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	24
	23.7
	0.600

	
	
	≥84.0
	2
	4.2
	

	D98 of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	49.6
	
	
	0.700

	
	
	<49.6
	13
	23.7
	

	
	
	≥49.6
	13
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	24
	23.7
	0.600

	
	
	≥79.2
	2
	4.2
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	24
	23.7
	0.600

	
	
	≥84.0
	2
	4.2
	

	Minimum absolute dose of PTV
	
	
	
	

	
	Median, Gy (RBE) [BED10]
	41.9
	
	
	0.600

	
	
	<41.9
	13
	23.7
	

	
	
	≥41.9
	13
	28.7
	

	
	79.2, Gy (RBE) [BED10]
	<79.2
	24
	23.7
	0.600

	
	
	≥79.2
	2
	4.2
	

	
	84.0, Gy (RBE) [BED10]
	<84.0
	25
	23.7
	0.200

	
	
	≥84.0
	1
	NA
	


PBT, proton beam therapy; GTV, gross tumor volume; D2 ml, the maximal absolute dose covering 2 ml; BED10, biological effective dose when α/β=10 is applied; Gy, gray; RBE, relative biological effectiveness; D50, the maximal absolute dose covering 50%; D95, the minimum absolute dose covering 95%; D98, the minimum absolute dose covering 98%; CTV, clinical tumor volume; PTV, planning target volume; MST, median survival time.

*p-value <0.05 by log rank tests were defined to be significant.

