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In the next 20 mins

• Key role of AI in Radiotherapy 

• AI in outcome prediction 
• What outcomes do we oncologists want?
• How do we perform on these predictions?
• How does AI predict?
• How do we evaluate the predictions made by AI?

• AI in adaptive radiotherapy
• Key areas of application 

• Where are we with the clinical implementation of AI?

• What is the radiation oncologist's role in AI 
research/implementation?
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A.I. applications in Radiotherapy 

Do things more efficiently than humans 

Automation 
• Patient Scheduling 
• Lesion/ organ contouring 
• Treatment Plan generation 
• Treatment Plan Optimization
• Quality control and Assurance 

➢ Saves time 
➢ Increase reliability
➢Reduce inter-operator variability
➢Optimal use of resources 
(Personnel and machines) 
➢ Expert interpretation 

Do things that humans cannot do 

Inference 
• Creating new images (e.g Synthetic CT 

(sCT) from MRI)
• Classification of disease using multi-

modal data

• Predicting disease outcomes, efficacy, 
toxicity

• Adapting a therapy based on 
longitudinal/new information 

➢New discoveries
➢New opportunities/new protocols
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AI in outcome 
prediction
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How do clinicians predict these outcomes?

doi: 10.3978/j.issn.2224-5820.2015.08.04

Often struggle when decisions depend on more than 5 data points
When these data points are non-linearly correlated  
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Predict the chance of this patient surviving 
to 5 years without disease

Given

•Vocal cord cancer

•T4 N2

<33%

33-66%

>66%
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Predict the chance of this patient surviving 
to 5 years without disease

• 66-year old male

• Weighs 40Kg

• P16 positive

• No social support

• Treat only on government funds

• Remote location

• Only Cobalt-60 available 

• Senior Doctor going on leave next two 
months

• ICU beds are always full in the city

<33%

33-66%

>66%
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Reality of the 
predictions

• Doctors' prognostic estimates of their terminally ill 
patients are often wrong and usually more optimistic

• Only 20% of the doctors' predictions were accurate: 
63% were overoptimistic and 17% were 
overpessimistic

• Most types of doctors are prone to error, in most 
types of patients

• The greater the experience of the doctor the greater 
the prognostic accuracy, but a stronger doctor-patient 
relationship is associated with lower prognostic 
accuracy
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What outcomes do oncologists want to 
predict?

Treatment 
Response

Effectiveness

Dosage 
Requirements

Adverse 
Reactions

Side Effects

Toxicity

Disease 
Progression

Prognosis

Recurrence Risk

Survival Rates
Overall Survival

Progression-Free 
Survival

Biomarker 
Discovery

Identification of 
Biomarkers

Patient 
Stratification

Risk Assessment

Quality of Life
Functional Outcomes

Symptom Management

Genetic & Genomic 
Insights

Genetic Predispositions

Pharmacogenomics
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Can AI help?

AI model predicted 3-month 
mortality in 2000+  solid 
tumours more accurately than 
74 oncologists. 
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How does AI predict?
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TRAINING VALIDATION

TESTING
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Medical Training 

Medical cases 

TRAINING

learning to recognize patterns and 
make decisions based on these 

experiences
Medical Resident 

VALIDATION

Practice rounds: Handle cases
more independently but still
under supervision.
Apply what they've learned to
new patient cases

TESTING

University 
Board exam 

The exam results determine if the 
resident has developed a robust, 
generalizable skill set or if they 
need further training

New, unseen case Apply learned 
knowledge to 
assess new 
patient



Key Parallels

• Learning from Real Cases: Just as residents 
learn from real patient cases, ML models learn 
from training data.

• Supervised Practice: Both residents and ML 
models go through a phase of supervised 
practice to refine their skills.

• Feedback and Refinement: Continuous 
feedback helps improve both clinical skills and 
model performance.

• Final Assessment: Both residents and ML 
models are ultimately tested on new, unseen 
cases to evaluate their generalization 
capabilities.

• The process is iterative 
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How do we evaluate the AL model’s prediction?

The Area Under the Receiver Operating Curve
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AUC is preferred as

Scale-invariant
Measures how well predictions are 

ranked, rather than their absolute values
Classification-threshold-invariant

Measures the quality of the model's 
predictions regardless of the classification 
threshold chosen 



Few examples of 
outcome predictions
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Predict treatment response 
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Predict toxicity
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Risk Stratification 
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Risk Stratification 

Pneumonitis: Negative

GLSZM-GLN:-0.49

Pneumonitis: Positive

GLSZM-GLN: 2.39 

A

B
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AI in Adaptive therapy
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Where AI may play a role in 
adaptive RT

Landry G, Kurz C, Traverso A. The 
role of artificial intelligence in 
radiotherapy clinical practice. BJR 
Open. 2023
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Automated Delineation o f  Head and

Neck Cancer p r i m a r y  t u m o u r o n CT

Images using Deep Convolutional

Neural Networks

CMC-NITK Suratkal Collaboration 
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AUTOSEGMENTATION OF 
TARGETS



TotalSegmentator

104 normal organ 
delineations ,<3 mins 

https://github.com/lassoan/SlicerTotalSegmentator#totalsegmentatorBalu Krishna S                                   ICRO 2024



Synthetic CT from CBCT 
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Motion tracking and dose prediction

https://shenglab.dgsom.ucla.edu/pages/interestsBalu Krishna S                                   ICRO 2024



Adaptive avoidance and planning

Thomas HMT et al Comparison of regional lung perfusion response on longitudinal MAA 

SPECT/CT in lung cancer patients treated with and without functional tissue-avoidance 

radiation therapy. The British Journal of Radiology. Balu Krishna S                                   ICRO 2024



Are we close to clinical implementation of AI 
in outcome prediction and adaptive therapy?

NOT YET!

1.Generalizability: AI models trained on specific datasets may not perform 
well across different institutions or patient populations.

2.Ethical concerns: Data privacy, consent, and potential biases in AI 
algorithms: yet to be addressed.

3.Interpretability and explainability is limited 
4.Legal and regulatory are still Unclear - Liability
5.Integration with existing workflows -challenging
6.Validation and clinical trials - not available
7.Skill gaps - Huge
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How should we choose a questions for AI 
based modelling?

Clinically relevant
Impact on 
healthcare

Not just for the 
sake of joining the 

AI bandwagon

Small projects / 
Burst of ideas / Bad 

AI

Non-sustainable in 
the long run
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When does prediction matter?

oDose escalation
oTreatment de-intensification

oConfusion matrix 
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What is our role as a RadOnc ?

• Find the right question to address

• Model - based on clinical utility

• Create data sets with correct data points

• Automate processes that have high variability

• Collaborate. Learn, Create - Federated learning 
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As a team, we grow

ePROM@cmcvellore.ac.in
https://qirail.cmcvellore.edu.in/

https://doi.org/10.1016/j.remnie.2019.11.002

Thank you !
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