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• 1- Knowledge-based planning (Varian Rapid plan)

– 1-1 :Extract knowledge from database of treated patients
– 1-2: Use the knowledge to treat the new patient

• 2- Multiple criteria optimization (RayStation MCO)

– 2-1: Pre-generate a set of Pareto plans upfront
– 2-2: User navigates among the plans

• 3- ECHO (Expedited Constrained Hierarchical Optimization)

– 3-1: Solve a series of constrained optimization problems
– 3-2: Critical clinical criteria defined as hard constraints
– 3-3: Desirable clinical criteria are optimized in order

Automated Planning
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Data
• > 10,000 patients to-date (2017-2024)
• ~ 200 plans per month



Improved Plan Quality and Consistency
ECHO vs. Manual:75 Paraspinal patients 

 Pre‐clinical validation before adding new 
site

 Ensuring improved/comparable plan 
quality compared to the manual plans



Adaptability to changes in clinic



ECHO

PublicationTechniqueChallengeImplementation Status
Zarepisheh et al. (2019) (Medical Physics)
Zarepisheh et al. (2021) (INFORMS)
Hong et al. (2020) (Advances in RO)

Hierarchical Constrained Nonlinear 
Optimization

Multi-Criteria Challenge

Clinically

Deployed

Zarepisheh et al. (2019) (Medical Physics)Lagrangian MethodsDose Discrepancy

Mukherjee et al. (2020) (Medical Physics)Mixed Integer Programming, 
Convex Relaxation

Hard constrained DVH

Dursun et al. (2021) (PMB)
Dursun et al. (2023) (PMB)

Sequential Convex ProgrammingNon-convexity in 
Machine Parameters 
(VMAT)

Taasti et al. (2020) (Medical Physics)Bayesian OptimizationProton: Beam Angle 
Selection

Research 
&

Development

Taasti et al. (2020) (Medical Physics)Robust Optimization (P-Norm 
Function)

Proton: Uncertainty 
Management

Jhanwar et al. (2022) (PMB)Deep Learning Predictions 
(Moment-Based Loss Functions)

Multi-Criteria Challenge

Fu et al. (2022) (Medical Physics)Distributed Optimization (ADMM) Proton: Increasing 
Computational 
Complexity With 
Uncertainty 
Managements

Tefagh, Zarepisheh (2023) (PMB)Wavelet-induced smoothnessReducing IMRT plan 
complexity

 12 Publications (10 in PMB/Medical Physics)
 2 Patents 



PortPy Open-source
Planning and Optimization for Radiation Therapy in Python



Summary

• ECHO: Fully automated treatment planning system

• Integrated with commercial TPS using API scripting

• Treated > 10,000 patients

• Open-sourcing our tools using PortPy (Planning and Optimization for Radiation 
Therapy in Python)


