Heart Base–Sparing RT for Esophageal Cancer
Supplements
	Patient
	Original IMRT (n = 5)
beam fields
	Original VMAT (n = 15)
arcs
	Replanned IMRT (n = 20)
beam fields
	Replanned VMAT (n = 20)
arcs

	1
	4
	
	6
	2

	2
	4
	
	7
	2

	3
	6
	
	5
	3

	4
	7
	
	7
	3

	5
	7
	
	9
	4

	6
	
	2
	6
	2

	7
	
	2
	6
	2

	8
	
	2
	6
	2

	9
	
	2
	6
	2

	10
	
	2
	6
	2

	11
	
	2
	6
	2

	12
	
	2
	6
	2

	13
	
	2
	7
	2

	14
	
	2
	7
	2

	15
	
	2
	7
	2

	16
	
	2
	7
	2

	17
	
	2
	8
	2

	18
	
	2
	8
	2

	19
	
	2
	8
	2

	20
	
	2
	9
	2


Supplement 1. Beam arrangement per patient for the original and replanned IMRT and VMAT treatment plans.

	
	Heart
	Pericardium

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	19.7±4.2
	15.9±2.8
	16.1±3.0
	a,b
	20.0±3.5
	18.0±2.6
	18.2±2.8
	a,b

	Median [Gy]
	17.6±5.1
	12.6±4.0
	12.8±3.8
	a,b
	17.4±4.9
	13.9±4.3
	14.3±4.1
	a,b

	Max [Gy]
	43.7±0.7
	44.1±0.6
	44.1±0.8
	
	43.7±0.7
	44.1±0.6
	44.1±0.8
	

	D1cc[Gy]
	42.5±0.5
	43.0±0.6
	42.9±0.5
	a,b
	42.5±0.5
	42.8±0.5
	42.8±0.4
	

	V5Gy[%]
	93.8±8.5
	89.1±11.5
	92.6±9.4
	a,c
	90.6±12.0
	85.8±12.9
	89.8±12.8
	a,c

	V10Gy[%]
	80.9±17.8
	60.8±12.1
	62.3±14.0
	a,b
	76.4±16.3
	61.2±9.2
	63.3±11.0
	a,b

	V15Gy [%]
	63.8±21.5
	41.7±11.6
	41.6±13.7
	a,b
	59.8±18.3
	47.6±8.2
	47.9±9.6
	a,b

	V20Gy [%]
	43.6±19.0
	28.2±10.9
	28.3±11.5
	a,b
	43.5±14.3
	37.2±8.1
	36.8±9.3
	a,b

	V25Gy [%]
	27.6±15.5
	19.8±8.9
	19.9±8.7
	a,b
	31.0±11.7
	29.0±7.9
	28.7±7.9
	

	V30Gy [%]
	17.8±9.8
	14.3±5.9
	14.0±6.1
	a,b
	-
	-
	-
	-

	V40Gy [%]
	5.9±3.2
	6.0±3.3
	5.7±3.0
	
	-
	-
	-
	-

	
	CAA
	Aortic Valve Root

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	19.5±4.9
	13.3±3.7
	13.0±3.6
	a,b
	20.2±7.5
	9.5±3.7
	9.9±5.3
	a,b

	Median [Gy]
	18.6±5.5
	11.3±4.5
	10.8±4.2
	a,b
	20.3±7.8
	9.0±3.3
	9.4±5.4
	a,b

	Max [Gy]
	40.7±3.7
	39.8±5.4
	39.5±6.5
	
	29.3±8.0
	21.6±8.3
	21.3±7.6
	a,b

	D1cc[Gy]
	37.7±4.4
	35.1±7.3
	34.9±8.2
	a,b
	25.7±7.9
	15.5±6.6
	15.5±6.4
	a,b

	V5Gy[%]
	97.9±4.3
	89.0±16.4
	93.3±11.8
	a,b,c
	97.8±7.9
	91.4±20.6
	93.1±13.6
	a,b

	V10Gy[%]
	86.0±14.6
	53.8±20.7
	50.7±21.3
	a,b
	88.5±28.9
	33.5±29.9
	28.5±27.8
	a,b,c

	V15Gy [%]
	68.5±21.1
	32.4±18.7
	29.0±20.2
	a,b
	75.4±35.5
	10.4±20.9
	13.1±30.4
	a,b

	V20Gy [%]
	45.0±26.2
	19.7±15.8
	18.2±16.0
	a,b
	50.2±37.8
	4.5±10.7
	9.5±27.2
	a,b

	V25Gy [%]
	24.7±25.2
	11.6±10.4
	10.3±8.5
	a,b
	23.6±34.8
	1.7±4.6
	4.7±15.8
	a,b

	V30Gy [%]
	13.4±16.8
	6.2±5.1
	5.5±4.2
	a,b
	14.3±29.0
	0.7±2.1
	1.1±3.8
	a,b

	V40Gy [%]
	1.4±2.1
	1.0±1.3
	1.1±1.6
	
	0.0±0.0
	0.0±0.0
	0.0±0.0
	

	
	Sinoatrial Node
	Atrioventricular Node

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	13.8±8.0
	6.8±2.6
	7.6±2.8
	a,b,c
	28.7±5.0
	18.2±5.2
	18.3±5.4
	a,b

	Median [Gy]
	13.6±8.3
	6.3±2.6
	7.2±2.7
	a,b,c
	28.5±5.5
	15.9±5.1
	16.3±5.9
	a,b

	Max [Gy]
	24.5±9.4
	17.5±8.4
	17.4±7.2
	a,b
	40.1±3.5
	39.1±5.0
	39.3±5.8
	a

	D1cc[Gy]
	17.0±8.4
	9.4±4.2
	10.3±4.6
	a,b
	36.1±5.6
	30.7±8.2
	31.0±8.8
	a,b

	V5Gy[%]
	89.7±23.0
	70.6±37.6
	85.4±24.4
	a,c
	100.0±0.0
	99.6±1.3
	99.8±0.6
	

	V10Gy[%]
	56.5±40.2
	12.8±15.7
	16.0±19.6
	a,b
	99.9±0.3
	77.9±19.5
	73.9±22.5
	a,b

	V15Gy [%]
	36.7±42.2
	3.0±8.8
	4.0±12.7
	a,b
	97.6±5.1
	50.8±25.1
	51.4±26.6
	a,b

	V20Gy [%]
	24.1±37.0
	1.4±4.8
	1.8±7.2
	a,b
	85.9±21.2
	35.2±26.0
	36.7±27.5
	a,b

	V25Gy [%]
	12.9±27.5
	0.4±1.6
	0.9±4.2
	
	67.0±31.6
	23.6±18.4
	24.5±19.8
	a,b

	V30Gy [%]
	5.9±22.3
	0.1±0.5
	0.4±1.9
	
	44.0±30.2
	15.9±13.9
	16.5±15.2
	a,b

	V40Gy [%]
	0.0±0.0
	0.0±0.0
	0.0±0.0
	
	8.0±11.0
	2.7±4.4
	3.9±6.4
	a,b

	
	Right Atrium
	Left Atrium

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	19.5±4.7
	14.8±4.0
	14.2±3.5
	a,b
	32.2±4.2
	28.8±4.9
	29.1±5.3
	a,b

	Median [Gy]
	18.2±5.0
	13.1±5.1
	12.0±3.9
	a,b
	33.1±5.4
	29.5±7.6
	29.9±7.8
	a,b

	Max [Gy]
	25.1±7.4
	22.5±8.6
	22.6±9.1
	b
	43.1±0.8
	43.8±0.7
	43.7±0.9
	a,b

	D1cc[Gy]
	16.5±6.0
	12.0±6.1
	10.5±5.2
	a,b
	41.9±0.5
	42.5±0.7
	42.3±0.6
	a,b

	V5Gy[%]
	96.5±11.6
	85.4±26.8
	86.6±21.0
	a,b
	99.1±3.9
	98.9±4.9
	99.0±4.6
	

	V10Gy[%]
	85.9±12.9
	62.1±20.6
	59.5±21.3
	a,b
	98.2±5.6
	94.4±8.3
	96.2±7.0
	a,b,c

	V15Gy [%]
	67.0±21.0
	40.4±19.4
	35.3±19.3
	a,b
	95.2±8.1
	84.1±13.8
	85.0±13.8
	a,b

	V20Gy [%]
	43.8±26.4
	25.2±18.2
	21.8±14.8
	a,b
	89.2±11.0
	72.1±16.6
	73.9±18.4
	a,b

	V25Gy [%]
	25.3±24.5
	15.3±12.9
	12.6±8.7
	a,b
	77.7±16.7
	61.4±18.3
	63.4±20.9
	a,b

	V30Gy [%]
	13.5±14.3
	8.3±6.6
	7.2±5.5
	a,b
	62.8±20.6
	51.6±18.7
	52.9±21.2
	a,b

	V40Gy [%]
	1.9±2.8
	1.4±1.8
	1.5±2.1
	
	27.0±18.6
	25.9±15.5
	25.3±15.7
	

	
	Right Ventricle
	Left Ventricle

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	16.6±4.6
	11.3±3.2
	11.7±3.1
	a,b
	16.3±5.5
	14.4±2.8
	14.6±3.0
	a,b

	Median [Gy]
	16.1±4.9
	10.2±3.9
	10.2±3.4
	a,b
	15.0±5.7
	12.1±2.7
	12.4±3.0
	a,b

	Max [Gy]
	34.3±7.1
	32.2±8.4
	34.3±7.4
	
	40.8±5.0
	41.7±4.6
	41.3±4.7
	

	D1cc[Gy]
	30.3±6.6
	27.5±6.9
	29.6±6.7
	a
	37.6±6.0
	39.2±5.4
	38.3±5.5
	a

	V5Gy[%]
	95.0±11.4
	86.4±13.1
	89.8±9.6
	a
	92.2±11.7
	90.1±11.0
	95.5±7.3
	c

	V10Gy[%]
	83.5±24.0
	47.3±20.9
	48.4±23.2
	a,b
	71.8±28.3
	59.1±14.9
	63.8±16.9
	a,c

	V15Gy [%]
	60.6±32.1
	26.8±20.4
	27.3±18.3
	a,b
	51.1±29.5
	37.3±13.3
	36.9±14.9
	a,b

	V20Gy [%]
	30.1±25.7
	10.7±11.6
	12.4±11.1
	a,b
	31.1±24.1
	22.1±10.6
	21.2±12.5
	a,b

	V25Gy [%]
	9.9±16.6
	4.1±8.2
	5.4±5.3
	a
	17.2±15.3
	13.8±8.3
	12.6±9.2
	b

	V30Gy [%]
	3.3±6.2
	1.7±4.1
	1.7±2.0
	a
	8.4±8.2
	8.6±6.0
	7.4±5.8
	

	V40Gy [%]
	0.3±0.8
	0.2±0.6
	0.2±0.7
	
	1.8±2.5
	2.1±2.4
	1.6±1.9
	c

	
	Left Anterior Descending Artery 
	Right Coronary Artery

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	13.7±5.6
	8.7±2.3
	8.6±2.4
	a,b
	15.6±5.5
	10.3±4.2
	9.7±4.0
	a,b

	Median [Gy]
	12.3±5.9
	7.0±2.1
	7.8±2.7
	a,b,c
	15.0±6.1
	9.2±4.3
	8.8±4.2
	a,b

	Max [Gy]
	29.4±6.7
	26.3±8.0
	23.4±7.2
	b,c
	25.1±7.4
	22.5±8.6
	22.6±9.1
	b

	D1cc[Gy]
	17.8±6.5
	12.2±4.0
	11.4±3.3
	a,b
	16.5±6.0
	12.0±6.1
	10.5±5.2
	a,b

	V5Gy[%]
	85.6±22.1
	75.3±23.7
	84.7±19.9
	c
	96.5±11.6
	85.4±26.8
	86.6±21.0
	a,b

	V10Gy[%]
	65.4±36.9
	30.1±14.6
	28.3±17.7
	a,b
	80.1±28.9
	38.5±32.1
	33.4±30.7
	a,b

	V15Gy [%]
	42.7±38.1
	9.7±9.7
	9.0±15.2
	a,b
	52.8±39.4
	18.3±25.6
	16.1±26.1
	a,b

	V20Gy [%]
	19.5±19.4
	4.3±8.3
	2.6±5.1
	a,b
	20.7±33.6
	10.5±15.7
	7.2±13.1
	b

	V25Gy [%]
	9.0±13.5
	3.1±7.0
	0.8±2.2
	a,b
	10.3±25.2
	2.7±6.1
	3.1±7.0
	

	V30Gy [%]
	3.9±6.2
	1.6±5.1
	0.3±1.3
	b
	3.4±10.1
	0.5±1.5
	0.9±2.0
	

	V40Gy [%]
	0.0±0.0
	0.0±0.1
	0.0±0.0
	
	0.0±0.2
	0.0±0.2
	0.0±0.1
	

	
	Bicuspid Valve
	Tricuspid Valve

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	25.9±7.7
	25.2±7.3
	25.3±7.2
	
	21.3±4.0
	14.2±5.0
	13.8±4.4
	a,b

	Median [Gy]
	25.4±8.3
	25.0±8.5
	24.9±8.2
	
	21.1±4.1
	13.6±5.4
	12.4±4.7
	a,b

	Max [Gy]
	38.0±5.4
	39.5±6.4
	38.2±5.9
	
	30.9±6.5
	26.0±9.3
	29.3±8.4
	a,c

	D1cc[Gy]
	31.1±7.8
	32.3±7.9
	31.4±7.1
	
	25.1±4.7
	18.0±6.5
	18.5±6.7
	a,b

	V5Gy[%]
	100.0±0.0
	100.0±0.0
	100.0±0.0
	
	100.0±0.0
	95.0±14.6
	98.3±5.7
	

	V10Gy[%]
	95.4±12.8
	94.4±12.9
	97.6±6.9
	
	97.5±5.6
	66.3±32.9
	61.8±30.5
	a,b

	V15Gy [%]
	87.2±24.9
	83.1±22.8
	87.7±20.2
	
	89.1±18.8
	42.4±34.6
	38.6±30.2
	a,b

	V20Gy [%]
	70.3±31.8
	63.8±34.7
	66.3±28.8
	
	58.3±32.2
	18.7±23.8
	18.5±18.6
	a,b

	V25Gy [%]
	52.4±38.2
	48.9±32.9
	45.3±36.2
	
	21.9±24.2
	7.7±15.2
	7.6±10.0
	a,b

	V30Gy [%]
	35.0±35.5
	33.8±28.4
	33.1±34.8
	
	9.4±23.2
	1.8±5.4
	3.2±6.7
	

	V40Gy [%]
	6.2±11.3
	10.7±19.5
	6.5±12.3
	
	0.9±2.9
	0.4±1.7
	0.5±1.7
	


a=Original vs IMRT	b=Original vs VMAT	c=IMRT vs VMAT
Supplement 2. Mean dosimetric parameters for all cardiac substructures and subvolumes, including mean dose, median dose, maximum dose, D1cc, and V5Gy, V10Gy, V15Gy, V20Gy, V25Gy, V30Gy, and V40Gy, reported for the original plan, replanned IMRT plan, and replanned VMAT plan. Significant differences are denoted by a (original vs. IMRT), b (original vs. VMAT), and c (IMRT vs. VMAT). CAA = cardiac avoidance area.
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Supplement 3. Mean differential dose–volume histograms (dDVHs) for all cardiac substructures and subvolumes across all patients, comparing the original plan (blue), replanned IMRT plan (dashed red), and replanned VMAT plan (dashed green). CAA, cardiac avoidance area.










	
	Lungs
	

	
	Original
	IMRT
	VMAT
	
	
	
	
	

	Mean [Gy]
	9.1±1.9
	9.0±1.6
	9.2±1.8
	
	
	
	
	

	Median [Gy]
	5.6±1.5
	5.1±1.3
	5.7±1.5
	a,c
	
	
	
	

	Max [Gy]
	44.1±0.7
	43.7±0.9
	43.8±0.9
	a
	
	
	
	

	D1cc[Gy]
	43.0±0.5
	42.7±0.7
	42.7±0.6
	a,b
	
	
	
	

	V5Gy[%]
	53.9±7.9
	52.1±8.4
	57.7±10.9
	b,c
	
	
	
	

	V10Gy[%]
	33.2±6.6
	30.8±4.4
	31.3±5.9
	a,b
	
	
	
	

	V15Gy [%]
	21.4±6.8
	21.7±4.5
	21.0±6.0
	
	
	
	
	

	V20Gy [%]
	12.5±6.0
	14.3±4.5
	12.6±5.0
	a,c
	
	
	
	

	V25Gy [%]
	6.9±4.3
	8.4±4.2
	7.0±3.7
	a,c
	
	
	
	

	V30Gy [%]
	4.2±3.2
	5.0±3.1
	4.2±2.7
	c
	
	
	
	

	V40Gy [%]
	1.4±1.1
	1.4±1.1
	1.3±1.0
	c
	
	
	
	

	
	Right Lung
	Left Lung

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	8.9±2.3
	8.7±2.0
	9.0±2.1
	c
	9.3±2.0
	9.4±1.7
	9.3±1.9
	

	Median [Gy]
	5.4±1.5
	4.8±1.3
	5.5±1.4
	a,c
	6.1±2.2
	5.5±1.7
	6.0±1.7
	c

	Max [Gy]
	44.0±0.9
	43.7±1.0
	43.6±0.9
	b
	43.5±1.0
	42.9±1.0
	43.3±1.0
	a

	D1cc[Gy]
	42.6±1.1
	42.4±1.0
	42.3±1.3
	
	42.1±1.3
	41.7±1.1
	41.9±1.0
	a

	V5Gy[%]
	52.2±9.9
	49.6±8.6
	55.7±12.0
	b,c
	55.8±10.0
	54.9±10.5
	59.8±12.0
	b,c

	V10Gy[%]
	31.4±8.1
	28.3±5.9
	29.5±7.1
	a
	35.2±8.4
	33.6±6.2
	33.3±6.6
	

	V15Gy [%]
	19.7±8.0
	20.0±6.1
	19.8±7.1
	
	23.5±7.7
	23.6±6.1
	22.4±6.7
	

	V20Gy [%]
	11.8±7.2
	13.5±6.0
	12.1±6.2
	a,c
	13.2±6.2
	15.2±4.9
	13.1±5.4
	c

	V25Gy [%]
	7.0±5.2
	8.4±5.1
	7.2±4.5
	a,c
	6.7±4.5
	8.4±4.2
	6.8±4.0
	c

	V30Gy [%]
	4.6±3.8
	5.3±3.7
	4.5±3.1
	a,c
	3.6±3.2
	4.6±3.0
	3.8±3.0
	c

	V40Gy [%]
	1.8±1.5
	1.9±1.5
	1.6±1.3
	c
	1.0±1.0
	0.8±0.9
	0.8±0.9
	

	
	Spinal Cord
	Spinal Cord_PRV3

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Max [Gy]
	28.7±6.4
	29.6±6.0
	29.0±6.9
	
	30.2±6.3
	31.3±7.0
	31.0±7.0
	

	D1%[Gy]
	27.1±6.2
	27.9±5.9
	28.0±6.9
	
	28.3±6.4
	29.2±6.6
	29.2±7.1
	

	V30Gy [%]
	8.4±18.3
	12.3±19.1
	13.9±22.2
	b
	11.0±20.2
	14.3±19.3
	15.8±23.2
	

	V40Gy [%]
	0.0±0.0
	0.0±0.0
	0.6±2.3
	
	0.0±0.2
	0.0±0.0
	0.9±3.1
	

	
	Liver
	Spleen

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	Mean [Gy]
	12.4±3.2
	12.8±3.3
	12.7±3.0
	
	12.5±3.6
	11.2±4.4
	12.7±4.2
	

	Median [Gy]
	10.4±4.1
	11.4±4.7
	10.8±3.3
	
	11.8±3.9
	9.6±5.3
	11.8±4.2
	

	V10Gy[%]
	54.6±20.9
	52.8±16.4
	55.8±18.4
	
	61.8±24.8
	44.6±23.2
	58.0±28.7
	a

	V15Gy [%]
	32.6±13.6
	39.2±15.8
	31.8±12.5
	a,c
	31.2±23.4
	29.7±23.9
	32.2±26.7
	

	V20Gy [%]
	17.8±7.9
	22.2±10.7
	17.3±7.7
	a,c
	13.7±15.1
	17.5±16.7
	14.9±16.9
	

	V25Gy [%]
	9.5±4.9
	11.0±6.1
	9.5±4.9
	c
	4.4±5.6
	8.1±10.7
	6.3±8.6
	

	V30Gy [%]
	5.7±3.5
	6.6±4.2
	5.4±3.1
	c
	1.8±2.5
	3.7±5.0
	2.8±4.2
	a

	V40Gy [%]
	1.5±0.9
	2.1±1.5
	1.7±1.1
	a,b,c
	0.3±0.8
	0.5±0.9
	0.3±0.8
	a,c


a=Original vs IMRT	b=Original vs VMAT	c=IMRT vs VMAT
Supplement 4. Mean dosimetric parameters for all organs at risk, including the left and right lungs, whole lung, spinal cord, spinal cord PRV 3 mm, liver, and spleen. Reported parameters (varying by organ) include mean dose, median dose, maximum dose, D1cc, and V5Gy, V10Gy, V15Gy, V20Gy, V25Gy, V30Gy, and V40Gy for the original plan, replanned IMRT plan, and replanned VMAT plan. Significant differences are denoted by a (original vs. IMRT), b (original vs. VMAT), and c (IMRT vs. VMAT).

	
	CTV
	PTV

	
	Original
	IMRT
	VMAT
	
	Original
	IMRT
	VMAT
	

	V90%[%]
	100.0±0.0
	100.0±0.0
	100.0±0.0
	
	99.7±0.4
	99.3±0.4
	99.6±0.3
	a,c

	V95%[%]
	99.9±0.1
	99.8±0.4
	99.9±0.2
	
	96.9±1.5
	96.9±1.1
	96.8±1.0
	

	V107%[%]
	0.0±0.1
	0.1±0.1
	0.0±0.0
	
	0.1±0.2
	0.1±0.1
	0.0±0.1
	c

	D1%[Gy]
	43.1±0.3
	43.2±0.5
	43.1±0.4
	
	43.3±0.3
	43.2±0.4
	43.2±0.3
	


a=Original vs IMRT	b=Original vs VMAT	c=IMRT vs VMAT
Supplement 5. Mean dosimetric parameters for the clinical target volume (CTV) and planning target volume (PTV), including V90%, V95%, V107%, and D1%, for the original plan, replanned IMRT plan, and replanned VMAT plan. Significant differences are indicated by a (original vs. IMRT), b (original vs. VMAT), and c (IMRT vs. VMAT).
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