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Integrating Collaborative Intelligence  
into Brain Stereotactic Radiosurgery --  

          a randomized multi-reader evaluation 



Brain metastases complicates 20-40% cancer patients 
  

Increasing incidence with advances in systemic therapy 
 

      Stereotactic radiosurgery (SRS)  Whole brain  radiotherapy 



Contouring the brain tumor 



Contouring brain metastases  
 

   Labor intensive 
 
 

   Inter-observer variability is large  
 
 
 
 
 

 
 

Sandström et al. Acta Oncol. 2018  



             

Especially for multiple metastases… 
 

     Labor intensive 
 

      Inter-observer variability is large  
 

 
 
 
 



Motivation 

Automated BM detection and segmentation for SRS 
   
 

1. Tiny, punctate lesion  High sensitivity 
2. Limited imaging modalities (Enhanced T1 MR and CT)  Low False positive 
3. Clustered tumors  Precision delineation 
4. Rapid clinical flow  Integration into daily practice 

 
 



Number of patients 638  

Number of metastases 1877 

Training/Validation/Testing  8:1:1 ratio with random split 

patients with  
 1 tumor 
 2 tumors  
 3 tumors  
 ≥ 4 tumors (%) 

 
42 
22 
11 
25 

Tumor Size (ml) 
( Median; Min-Max) 

0.61 (Diameter ~ 1 cm);  
0.002-59.306 

   

2008-2018  2 NS and 3 RadOnc  
CyberKnife® system with Multiplan® 
MR 2 scanners/ CT 2 scanners 



Preprocessing 3-D Images Models 

      High sensitivity 

Registration 
 

Resize 
 

Contrast  
Adjustment 

 
Normalization 

3D U-Net 

DeepMedic 

Multi-Modal 

    High specificity 

Ensemble 

T1-enhanced MR 

contrast- CT 

State-of-the-art AI solution 

• Oral Presentation at  
ASTRO 2019 

• Oral Presentation at 
MICCAI 2019 • US patent granted 
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Volume-Aware Dice Loss 

optimizing the overall segmentation using the information of lesion 
size. ℓ vol-dice 



Tumor 7  
Prob: 0.47 
Vol: 0.7 cc Tumor 5  

Prob: 0.48 
Vol: 0.2 cc 

Tumor 6  
Prob: 0.47 
Vol: 0.3 cc 

Tumor 1  
Prob: 0.79 
Vol: 0.5 cc 

Tumor 0  
Prob: 0.83 
Vol: 2.1 cc 

Tumor 3  
Prob: 0.69 
Vol: 0.1 cc 

Tumor 2  
Prob: 0.79 
Vol: 0.5 cc 

Tumor 4  
Prob: 0.53 
Vol: 0.2 cc 

Multiple  tumors 



 Model Modality Dice FP / Sensitivity 

DeepMedic MR 0.625 3.344/0.900 

Unet 3D MR 0.699 0.609/0.709 

Ensemble 
DeepMedic +  

Unet 3D 
MR 0.723 0.484/0.752 

Ensemble MR + CT 0.761 0.594/0.787 (2.625/0.900)* 

Performances 

*At a high-sensitivity operating point 
Voxel-by-voxel AUC=0.99 



Works for the 3 most common brain tumors ( 75+% cases in brain radiosurgery) 

VBrain: AI-empowered Brain Tumor Auto-contouring 

Metastasis Meningioma Acoustic Neuroma 



First-ever FDA-cleared AI-powered tumor  

auto contouring for radiotherapy 



Integration into clinical workflow 
 

(1) 輸入病歷號 

Inference time less than 2 minutes 

Clinicians do not need to change any routines to adopt to the new technology 



A prospective reader study within the  clinical scenario 

Impact of AI-assisted brain tumor segmentation for SRS 

• Inter-reader variability 
• Accuracy  
• Efficiency 





Reader Study 

VBrain-
Assisted 

VBrain-
Assisted 



Increase sensitivity 

Without AI With AI 

Lu, Shao-Lun, et al. "Randomized Multi-Reader Evaluation of Automated Detection and Segmentation of Brain Tumors in Stereotactic Radiosurgery 
with Deep Neural Networks." Neuro-Oncology (2021). 



Reduce inter-reader variability 

Without AI With AI 

Lu, Shao-Lun, et al. "Randomized Multi-Reader Evaluation of Automated Detection and Segmentation of Brain Tumors in Stereotactic Radiosurgery 
with Deep Neural Networks." Neuro-Oncology (2021). 



Reduce inter-reader variability 

Without AI With AI 



Collaborative intelligence SRS 

Reduce inter-reader variability by 50% 
Reduce Contouring Time by 31% 

Improve Sensitivity by 12% 

Lu, Shao-Lun, et al. "Randomized Multi-Reader Evaluation of Automated Detection and Segmentation of 
Brain Tumors in Stereotactic Radiosurgery with Deep Neural Networks." Neuro-Oncology (2021). 

AI assisted 

De novo contour 



Collaborative intelligence SRS 

Lu, Shao-Lun, et al. "Randomized Multi-Reader Evaluation of Automated Detection and Segmentation of 
Brain Tumors in Stereotactic Radiosurgery with Deep Neural Networks." Neuro-Oncology (2021). 



70 y/o woman 
SCLC, s/p WBRT (2020/1),  
Brain met recurrence in 2021/7  ECOG 2 
s/p CK SRS  20 Gy (n=13)  

Brain progression  

Multi-mets after previous SRS  



Multi-mets after previous SRS  

Fusion previous planning MR 
With this current AI-generated ROI 
 
 Overlapping tumor treated! 
 No any target missed   









Take Home Messages        

Collaborative Intelligence  
Produces reliable contouring for brain SRS  
↓ mundane workload 
↓ task difficulty 
↑ time with patients  
 

Integration matters 
starting from clinical need 
Patient-centered care! 

 



 
 
Shao-Lun Lu, MD, PhD 

shaolunlu@ntu.edu.tw 

Thank you 


