Supplementary Materials 
Table S1. Dose constraints, priorities and optimization weights applied to OARs and target

	OAR or target
	Dose constraint
	Priority
	Optimization weight

	Spinal cord
	D0.05cm3 < 45 Gy
	1
	

	PRV spinal cord
	D0.05cm3 < 50 Gy
	1
	

	PTV
	PTVV95%>99%
	2
	

	CTV
	CTVV95%>99.9%
	2
	

	Oesophagus
	D1cm3 < 100% prescribed dose
	3
	

	Body
	D5cm3 < 107% prescribed dose
	3
	

	Body
	D0.05cm3 < 110% prescribed dose
	3
	

	Lungs
	Mean < 19Gy
	4
	

	Lungs
	V5Gy < 60%
	5
	

	Lungs
	V20Gy < 35%
	5
	

	Heart
	V25Gy < 50%
	6
	

	Heart
	V20Gy < 30%
	7
	


For the spinal cord a planning at risk volume (PRV) was made by adding an isotropic margin of 5 mm. 
The priority for the target and OARs is a fixed ranking of the order by which the dose constraints must be fulfilled. Thus. e.g. underdosage of the PTV is allowed to avoid overdose of spinal cord.
Table S2. Position of the PTV in cohort 1
	Target position
	Plans with

MLD< median
	Plans with

MLD>median
	Total number of plans
	Colour

	Ventral, cranial to heart
	6
	4
	10
	Blue

	Central, cranial to heart
	8
	7
	15
	White

	Dorsal, cranial to heart
	2
	3
	5
	Green

	Ventral, level of heart
	0
	5
	5
	Orange

	Central, level of heart
	11
	18
	29
	Yellow

	Dorsal, level of heart
	5
	5
	10
	Red


MLD<median: MLD less than the median value of the MLD in the BA2 plans. Colour refers to the colour of the markers in Supplementary Figures 1 to 4.
Table S3. Position of the PTV in cohort 2

	Target position
	Plans with

MLD< median
	Plans with

MLD>median
	Total number of plans

	Ventral, cranial to heart
	3
	4
	7

	Central, cranial to heart
	11
	6
	17

	Dorsal, cranial to heart
	4
	3
	7

	Ventral, level of heart
	3
	5
	8

	Central, level of heart
	9
	19
	28

	Dorsal, level of heart
	2
	6
	8


MLD<median: MLD less than the median value of the MLD in the CP2 plans.

Most locally advanced lung cancer patients have malignant lymph nodes located in the mediastinum and the majority of these nodes are located centrally. Furthermore, many tumours in the lungs are located centrally. In Table S2 ventral (or dorsal) position means that the tumour is located ventrally (or dorsally) regardless of the patient having centrally located lymph nodes. Some patients both have tumour or lymph nodes cranial to the heart and at the level of the heart in cranio-caudal direction. For these patients the tumour/lymph node position is counted as being at the level of the heart.

Comparison of geometric and dosimetric data from Table S2 and Table S3 shows that the patient cohorts 1 and 2 are rather similar.
Metrics for validation of the RapidPlan models:

The RapidPlan model is configured during a training phase of the plan set as described in [13].  The correlation between the most important geometric regression parameter and the first DVH principal component score is shown in a regression plot for each OAR. The residual plot is used for verifying dosimetric data in the model for each OAR. It shows the relation between the first principal component score of the estimated DVH and that of the actual DVH. Figures S1-S4 show the regression and residual plots for the lungs and the heart for M2. Colour code of the individual points is given in Table S2. No clustering is seen supporting the use of one unified model.
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Figure S1. Regression plot of the lungs. x-axis: geometrical distribution principal component score 1. y-axis: DVH principal component score 1
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Figure S2: Residual plot of the lungs. x-axis: estimated DVH principal component score 1. y-axis: DVH principal component score 1
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Figure S3: Regression plot of the heart. x-axis: geometrical distribution principal component score 1. y-axis: DVH principal component score 1
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Figure S4: Residual plot of the heart. x-axis: estimated DVH principal component score 1. y-axis: DVH principal component score 1

An internal cross-validation for the model is performed when the model is trained. The training set is divided into ten parts. Ten models are trained, and each time a model is trained, a different tenth of the plans are left out, and used for validating the model. The average of the validation statistics generated during these ten model training rounds is given as statistical parameters. 
The following statistical parameters for the two models are listed in table S4 and S5: 

· The coefficient of determination (R2)

· Mean Chi square (X2) from Pearson’s test

· Mean squared error (MSE) between original and estimate, which measures the distance between the original DVH and the mean of the upper and lower bounds of the estimated DVH
· Mean of absolute deviation (MAD) of bins outside the DVH estimate bounds. 
R2 and X2 close to 1 and MSE and MAD close 0 indicate good model performance.

OARs positioned only out of field are not included in the model. Zero to three outlier points have been deleted for each OAR [13]. The number of plans included for each OAR is shown in table S4 and S5 for the two models.

Table S4. Statistical parameters of model 1
	OAR
	R2
	X2
	MSE
	MAD
	Included plans

	Lungs
	0.902
	1.072
	0.0007
	-0.0006
	73

	Heart
	0.864
	1.124
	0.0018
	0.0005
	55

	Oesophagus
	0.904
	1.063
	0.0011
	-0.0013
	73

	Bronchi
	0.924
	1.131
	0.0020
	-0.0004
	68

	Trachea
	0.933
	1.140
	0.0033
	-0.0014
	65

	Median
	0.904
	1.124
	0.002
	-0.001
	


Table S5. Statistical parameters of model 2

	OAR
	R2
	X2
	MSE
	MAD
	Included plans

	Lungs
	0.962
	1.077
	0.0004
	-0.0010
	72

	Heart
	0.884
	1.080
	0.0029
	-0.0054
	58

	Oesophagus
	0.947
	1.092
	0.0008
	-0.0008
	71

	Bronchi
	0.925
	1.086
	0.0020
	-0.0011
	69

	Trachea
	0.952
	1.142
	0.0027
	-0.0013
	67

	Median
	0.947
	1.086
	0.002
	-0.001
	


Table S6. Optimization objectives in the RapidPlan M2
	
	Objective
	Volume (%)
	Dose
	Priority

	PTV
	Upper
	0
	106%
	300

	PTV
	Lower
	100
	100%
	270

	Bronchi
	Line
	Generated
	Generated
	40

	Oesophagus
	Line
	Generated
	Generated
	60

	Heart
	Upper
	30
	20Gy
	100

	Heart
	Line
	Generated
	Generated
	120

	Lung
	Upper
	57
	3.5Gy
	150

	Lung
	Upper
	32
	18Gy
	150

	Lung
	Line
	Generated
	Generated
	150

	Spinal cord
	Upper
	0
	44Gy
	300

	Trachea
	Line
	Generated
	Generated
	40


Generated means that volume and dose is determined individually by the RapidPlan model
