Supplementary: Statistical method

Recursive feature elimination (RFE)

As a well-known and commonly used feature selection algorithm, Recursive Feature Elimination
(RFE), a. backward selection approach with the utilization of stepwise method [1-2], implements
backwards selection of predictors according to predictor importance ranking. The survival model, as
random survival forest (R package mir3extralearners: Irn(“surv.ranger”)), with the right censored
time was first trained on all potential predictors, the importance score was

obtained via the permutation method. The predictor with lowest importance score was excluded.
The model was refitted with the reduced pool of predictors as next step, following the model
evaluation with 5-fold cross validation approach with C-index as performance measure. These steps
were repeated iteratively until all features were traversed. This process enables the identification of
optimal collection of predictors that this collection of predictors will be included into our final model

[3].
Tuning process and hyperparameter of sSSVM [4]

Two hyperparameters of sSSVM, gamma and mu, was tuned with the following settings (R
package mlr3tuning: AutoTuner()):

1. The hyperparameters of the wrapped (inner) learner are trained on the training data
via resampling, which was specified as 5-folded cross-validation.

2. The measure to be optimized is set to be C-index.

3. Turner is set to apply the method of grid search.

4. Hyperparameter search space was set to be (0.001 and 1000) for both parameters
gamma and mu.

5. The termination criteria was set to be after 4 evaluations

Supplementary Table S1: potential dosimetric and clinical variables to be selected from

Dosimetric variables ‘ Clinical variables

1 PTV_V100 Histology.in.Number..Epithelioid.0..Mixed..1.
2 PTV_Volume.cc. gender male
3 PTV_ Max T.Stage

4 PTV_Mean N.Stage

5 PTV_Min age

6 PTV.ipsi.PTV Pneumonitis
7 Total Lung PTV Volume | PTV_Side..L
8 Total Lung PTV_ Mean

9 Total Lung PTV V20

10 Ipsi Lung PTV_ Volume

11 Ipsi Lung PTV_ Mean




12 Ipsi Lung PTV_ V20
13 Contra_Lung_ Volume
14 Contra Lung Mean
15 Contra_Lung V5

16 Contra_Lung V20

17 Esophagus Volume
18 Esophagus Max

19 Esophagus Mean

20 Heart Volume

21 Heart Mean

22 Heart V5

23 Heart V30

24 Heart V50

25 Spinal Cord Volume
26 Spinal Cord Max

Supplementary Table S2: summary of model performance for different settings

Metrics of predictive performance**

C-index | van van Integrat | Integrat | Log | Hyperparame
(5-fold Houwelinge | Houwelinge | ed Graf | ed Log | Loss | ter (tuned)
Featur
Cross n's Alpha | n's Beta | Score Loss
°s validatio | Calibration | Calibration
n)
Dosimetric variable — right
Cox 0.54 0.69 0.02 0.27 1.10 34.5
PH 4
sSVM | 0.56 NA NA NA NA NA | Gamma=1000,
mu=0.001

Dosimetric variable — left

sSVM | 041 NA NA NA NA NA | Gamma=1000,
mu=1000

Clinical variable

Cox 0.70 1.12 3.29 0.21 0.62 31.3

PH 9

sSVM | 0.65 NA NA NA NA NA | Gamma=0.001
, mu=1000




Combined dosimetric and clinical variables

Cox 0.62 0.36 0.26 0.29 1.14 31.1

PH 8

sSVM | 0.64 NA NA NA NA NA | Gamma=0.001
, mu=1000

*Gray indicates that stable fit was unattainable.

**the metrics of predictive performance are obtained via R package mlr3proba [5].
Supplemental Figure S1: Box plots of the selected dosimetric metrics between LSM and
RSM groups. The dosimetric metrics include (a) PTV V100%, (b) PTV volume, (c) ipsilateral
lung mean dose, (d) ipsilateral lung V20Gy, I ipsilateral lu—g - PTV mean dose, (f)

contralateral kidney mean dose, (g) heart mean dose, (h) liver mean dose, (i) liver V30Gy, and

(j) stomach mean dose.
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Correlation Matrix of the Predictors

dose R

PTV.VIOO PTV.Max PTV.Min  Total_Lung_Total_Lung_Ipsi_Lung_P Contra_Lun¢Contra_Lun( Contra_Lun¢ Esophagus_ Esophagus_ Heart_Volun Heart V5  Heart V50
PTV_V100 1 -0.03 0.29 -0.03 0.01 0.51 0.03 -0.47 0.04 -0.15 -0.63 -0.15 -0.21 -0.04
PTV_Max -0.03 1 -0.19 017 02 -0.19 -0.15 0.03 0.32 0.5 0.18 -0.11 0.22 013
PTV_Min 0.29 -0.19 1 -0.09 0.03 0.14 011 -0.15 -0.09 -0.17 -0.26 -01 -03 -0.27
Total_Lung_ -0.03 017 -0.09 1 0.85 012 0.1 0.37 017 0.16 -0.12 -0.28 0.31 -0.05
Total_Lung_ 0.01 02 0.03 0.85 1 022 0.08 0.09 024 0.34 0.04 -0.25 0.19 -0.1
Ipsi_Lung_P 0.51 -0.19 0.14 012 022 1 0.02 -0.37 011 021 -0.08 0.04 -0.07 -0.02
Contra_Lun¢ 0.03 -0.15 0.11 01 0.08 0.02 1 -0.02 -0.04 0.04 -0.1 -0.19 -0.14 0.07
Contra_Lun¢ -0.47 0.03 -0.15 0.37 0.09 -0.37 -0.02 1 0.35 -0.33 0.18 -0.07 051 -0.02
Contra_Luny 0.04 0.32 -0.09 0.17 0.24 0.11 -0.04 0.35 1 0.32 011 -0.36 019 -0.06
Esophagus_ -0.15 05 -017 0.16 0.34 0.21 0.04 -0.33 0.32 1 0.25 -0.12 0.02 0.19
Esophagus_ -0.63 018 -0.26 -012 0.04 -0.08 -0.1 018 011 0.25 1 0.01 0.16 0.12
Heart_Volur .15 -011 -0.1 -0.28 -0.25 0.04 -0.19 -0.07 -0.36 -0.12 0.01 1 -01 0.14
Heart_V5 -0.21 022 -03 031 019 -0.07 -0.14 051 019 0.02 0.16 -0.1 1 0.2,
Heart_V50 -0.04 0.13 -0.27 -0.05 -0.1 -0.02 0.07 -0.02 -0.06 0.19 0.12 0.14 0.2 1
dose L

PTV_VolumePTV._Max  PTV_Mean PTV.ipsi.PT\ Total_Lung_ Ipsi_Lung_P Ipsi_Lung_P Contra_Lun( Contra_Lun¢ Esophagus_ Esophagus_ Esophagus_ Heart_Mean Heart V5 Heart V50  Spinal_Cord_Volume
PTV_Volume 1 0.07 -0.01 0.27 0.07 -0.33 0 0.34 0.22 0. 0. 0.04 0.21 -0.13 017 0.47
PTV_Max 0.07 1 0.71 -0.07 0.16 -0.14 -0.24 0.37 0.22 -0.06 0.42 -0.21 -01 0.03 0.18 0.01
PTV_Mean -0.01 0.71 1 012 0.15 0.1 0.09 048 023 -0.2 0.26 0.26 0.34 0.26 0.6 0.04
PTV.ipsi.PT\ 0.27 -0.07 012 1 -071 045 0.61 -011 -0.2 -0.18 -0.11 -0.07 0.01 0.16 0.02 -01
Total_Lung_ 0.07 0.16 015 -0.71 1 -0.46 -0.57 0.57 0.46 0.24 01 0.21 0.24 0.06 0.39 0.22
Ipsi_Lung_P -0.33 -0.14 01 0.45 -0.46 1 0.81 -0.38 -0.52 -0.13 -0.43 -0.06 0.07 -0.02 -0.07 -0.16
Ipsi_Lung_P 0 -0.24 0.09 0.61 -0.57 0.81 1 -0.28 -0.23 -0.08 -0.49 0.06 0.29 013 -0.01 -0.04
Contra_Lun¢ 0.34 0.37 0.48 -0.11 0.57 -0.38 -0.28 1 0.66. 0.2 0.24 0.27 0.42 0.23 0.61 0.02
Contra_Luny 0.22 0.22 0.23 -0.2 0.46 -0.52 -0.23 0.66. 1 041 0.1 019 0.27 031 017 0.09
Esophagus_ 02 -0.06 -0.2 -0.18 0.24 -013 -0.08 0.2 041 1 -0.12 0.24 0.03 01 -0.05 0.34
Esophagus_ 0.15 0.42 0.26 -011 0.1 -043 -0.49 024 0.1 -0.12 1 0.19 0.09 0.04 01 -0.12
Esophagus_ 0.04 -0.21 0.26 -0.07 021 -0.06 0.06 027 019 0.24 0.19 1 0.71 0.43 0.46 017
Heart_Mean 021 -01 0.34 0.01 0.24 0.07 0.29 0.42 027 0.03 0.09 0.71 1 0.52 0.49 0.03
Heart_V5 -0.13 0.03 0.26 0.16 0.06 -0.02 013 0.23 031 0.1 0.04 043 0.52 1 0.22 -0.11
Heart_V50 0.17 0.18 06 0.02 0.39 -0.07 -0.01 0.61 0.17 -0.05 0.1 0.46 0.49 0.22 1 021
Spinal_Cord 0.47 0.01 0.04 -0.1 0.22 -0.16 -0.04 0.02 0.09 0.34 -0.12 017 0.03 -0.11 0.21 1
clinical

gender_mal T.Stage  N.Stage  age
gender_mal 1 011 0.03 0.24
T.Stage 011 1 0.36 -0.09
N.Stage 0.03 0.36 1 -0.23
age 0.24 -0.09 -0.23 1
clinical dose

Histology.in gender_mal TStage  N.Stage  age cond PTV_Side.L. PTV.Max  PTV_Mean PTV_Min  Total_Lung_lpsi_Lung_P Esophagus_ Esophagus_ Esophagus_ Heart_Volur Heart V30 Spinal_Cord_Volume
Histology.in 1 0. -0.26 -0.08 0.14 0.04 0.07 0.08 -0.08 -0.03 -01 0.03 0.1¢ 0. 017 -0.01 0.13 -0.18
gender_mal 0.14 1 011 0.03 0.24 0.08 -0.2 017 0.01 011 0.43 -0.31 0.32 -0.01 -0.16 0.38 -0.26 0.12
T.Stage -0.26 011 1 0.36 -0.09 0.01 -0.08 0.28 0.37 -0.15 -0.08 -0.26 0.12 0.03 -0.04 0.02 -0.19 -0.04
N.Stage -0.08 0.03 0.36 1 -0.23 012 -012 021 0.28 0.07 -0.17 0.03 -0.11 0.18 0.14 011 017 -0.25
age 0.14 0.24 -0.09 -0.23 1 -011 -0.18 -017 -017 0.07 0.07 -0.19 0.25 -0.17 0.03 0.16 -0.13 -0.01
cond 0.04 0.08 0.01 0.12 -0.11 1 -0.25 0.06. -0.19 0.06 -0.25 -03 0.01 0.04 0.18 0.03 -0.09 0.07
PTV_Side..L. 0.07 -0.2 -0.08 -0.12 -0.18 -0.25 1 -0.12 -0.03 0.04 -0.11 0.44 -0.21 -0.1 -0.09 0 0.59 0.04
PTV_Max 0.08 0.17 0.28 021 -0.17 0.06 -0.12 1 0.59 -0.16 0.04 -0.21 0.04 0.47 0.05 -0.08 -0.11 -0.21
PTV_Mean -0.08 0.01 0.37 0.28 -0.17 -0.19 -0.03 0.59 1 -0.28 -0.04 0.06 0.03 0.38 0.05 0.04 0.12 -0.11
PTV_Min -0.03 011 -0.15 0.07 0.07 0.06 0.04 -0.16 -0.28 1 0.15 0.03 -0.13 -0.15 -0.18 0.08 -0.03 0.05
Total_Lung_ -01 043 -0.08 -017 0.07 -0.25 -011 0.04 -0.04 0.15 1 -0.22 0.16 0.07 -0.15 -0.07 -0.15 0.18
Ipsi_Lung_P 0.03 -0.31 -0.26 0.03 -0.19 -0.3 0.44 -0.21 0.06 0.03 -0.22 1 -0.21 -0.01 -01 0.16 0.27 -0.13
Esophagus_ 018 0.32 012 -011 0.25 0.01 -021 0.04 0.03 -0.13 0.16 -0.21 1 011 019 0.27 -0.02 -0.01
Esophagus_ 0.1 -0.01 0.03 0.18 -0.17 0.04 -0.1 0.47 0.38 -0.15 0.07 -0.01 0.11 1 0.24 -0.18 019 -0.21
Esophagus_ 0.17 -0.16 -0.04 0.14 0.03 0.18 -0.09 0.05, 0.05, -0.18 -0.15 -0.1 0.19 0.24 1 -0.1 0.46 0.08
Heart_Volur -0.01 0.38 0.02 0.11 0.16 0.03 0 -0.08 0.04 0.08 -0.07 0.16 0.27 -0.18 -0.1 1 0.01 -0.14
Heart_V30 0.13 -0.26 -0.19 0.17 -0.13 -0.09 0.59 -0.11 0.12 -0.03 -0.15 0.27 -0.02 019 0.46 0.01 1 -0.11

Spinal_Cord -0.18 0.12 -0.04 -0.25 -0.01 0.07 0.04 -0.21 -0.11 0.05. 0.18. -0.13 -0.01 -0.21 0.08. -0.14 -0.11 1



