Supplemental material
Table S1. Margins,  , for preparation (systematic) errors at different confidence levels.
	Confidence level (% of patients)
	3D - 

	80
	2.16

	85
	2.31

	90
	2.50

	95
	2.79

	99
	3.36


*  is the quadratic sum of the standard deviation of all preparation (systematic) errors. The numerical values in this table provides the coefficient  used in Eq. 3 and Eq. 7. This table was adapted from Table 2 in van Herk’s original publication [34].

Table S2. Additional PTV margin, , for treatment execution (random) variations.
	Dose level
	

	80%
	0.84

	85%
	1.03

	90%
	1.28

	95%
	1.64

	99%
	2.34


*  is the quadratic sum of the standard deviation of all treatment execution (random) variations (organ motion) including the standard deviation describing the penumbra, . The numerical values in the this table provides the coefficient  used in Eq. 3 and Eq. 7. This table was adapted from Table 3 in van Herk’s original publication [34].


Table S3. Margin determined with various treatment time for upper and lower lobe groups in each direction. 

	Treatment time 
	S-I(Z) (mm)
	L-R(Y) (mm)
	A-P(X) (mm)

	Method
	ST
	VH
	AVH
	MTD
	ST
	VH
	AVH
	MTD
	ST
	VH
	AVH
	MTD

	Upper lobe:
	
	
	
	
	
	
	
	
	
	
	
	

	5 min
	4.57
	3.52
	4.57
	3.10
	1.25
	0.93
	1.20
	0.41
	2.33
	1.73
	2.28
	0.98

	8 min
	5.01
	4.41
	5.16
	3.37
	1.39
	1.23
	1.44
	0.54
	2.76
	2.31
	2.76
	1.08

	10 min
	4.86
	4.12
	4.96
	3.31
	1.49
	1.38
	1.58
	0.63
	2.51
	2.33
	2.75
	0.98

	12 min
	5.13
	4.39
	5.16
	3.33
	1.59
	1.51
	1.70
	0.69
	2.71
	2.56
	2.95
	1.03

	16 min
	5.14
	4.78
	5.40
	3.38
	1.83
	1.84
	2.00
	0.85
	3.00
	3.09
	3.42
	1.20

	Lower lobe:
	
	
	
	
	
	
	
	
	
	
	
	

	5 min
	7.28
	7.02
	7.56
	5.28
	2.12
	1.41
	1.72
	1.00
	2.29
	2.00
	2.37
	0.80

	8 min
	8.12
	8.56
	8.75
	5.82
	2.42
	1.94
	2.18
	1.19
	2.69
	2.61
	2.91
	0.89

	10 min
	8.37
	9.06
	9.15
	5.59
	2.37
	2.06
	2.27
	1.12
	2.91
	3.03
	3.28
	0.97

	12 min
	8.70
	9.46
	9.48
	6.11
	2.81
	2.41
	2.63
	1.34
	3.13
	3.25
	3.49
	1.01

	16 min
	8.82
	10.06
	9.98
	5.90
	2.58
	2.53
	2.71
	1.19
	3.11
	3.43
	3.67
	1.10



Table S4. Margins derived using MTD model and VH formula at different required cumulative dose threshold.
	Cumulative Dose (%)
	S-I(Z) (mm)
	L-R(Y) (mm)
	A-P(X) (mm)

	Method
	VH
	MTD
	VH
	MTD
	VH
	MTD

	Upper lobe:
	
	
	
	
	
	

	80
	3.08
	0.45
	0.91
	0
	1.64
	0

	85
	3.18
	0.93
	0.91
	0.01
	1.66
	0.09

	90
	3.32
	1.72
	0.92
	0.14
	1.69
	0.49

	95
	3.52
	3.10
	0.93
	0.41
	1.73
	0.98

	99
	3.91
	7.02
	0.94
	1.06
	1.81
	2.78

	Lower lobe:
	
	
	
	
	
	

	80
	6.11
	1.69
	1.37
	0.04
	1.93
	0.01

	85
	6.32
	2.34
	1.38
	0.20
	1.95
	0.12

	90
	6.61
	3.33
	1.39
	0.47
	1.97
	0.35

	95
	7.02
	5.28
	1.41
	1.00
	2.00
	0.80

	99
	7.82
	10.44
	1.44
	2.11
	2.06
	2.06



Table S5. Systematic (Σ) and random (σ) errors of different treatment time.
	Treatment time
	S-I(Z) (mm)
	L-R(Y) (mm)
	A-P(X) (mm)

	Type of error
	Σ
	σ
	Σ
	σ
	Σ
	σ

	Upper lobe:
	
	
	
	
	
	

	5 min
	0.93
	2.73
	0.32
	0.56
	0.55
	1.21

	8 min
	1.25
	2.73
	0.42
	0.56
	0.75
	1.27

	10 min
	1.15
	2.74
	0.48
	0.58
	0.77
	1.21

	12 min
	1.24
	2.75
	0.53
	0.58
	0.85
	1.25

	16 min
	1.39
	2.68
	0.64
	0.59
	1.03
	1.27

	Lower lobe:
	
	
	
	
	
	

	5 min
	1.85
	3.99
	0.48
	0.78
	0.67
	1.04

	8 min
	2.37
	4.07
	0.67
	0.78
	0.88
	1.06

	10 min
	2.56
	4.05
	0.71
	0.76
	1.03
	1.06

	12 min
	2.68
	4.11
	0.83
	0.84
	1.11
	1.09

	16 min
	2.90
	4.09
	0.88
	0.76
	1.18
	1.09





