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Agenda
Eclipse Proton

• Range Uncertainty

−Field_Specific Target

−Robust Optimization

−Robust Evaluation

• Cases

−Prostate + Lymph node

−Lung case
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Range Uncertainty
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Range Uncertainty
Robust Planning

Tony Lomax, PhD

“The benefit of using protons is that   
they stop in the tissue.
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Range Uncertainty
Robust Planning

Tony Lomax, PhD

“The benefit of using protons is that   
they stop in the tissue.
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Range Uncertainty
Robust Planning

Tony Lomax, PhD

“The benefit of using protons is that they stop in 

the tissue.

The problem is that there is an uncertainty on 

where they stop.”
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Range 

uncertainty 

3,5%

WET 0.25 cm

Uncertainties mitigation

• Field_Specific Target

• Robust Optimization

• Robust evaluation
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Field Specific Target
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Robust Proton Planning 
Field specific Target
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Robust Planning: fsTarget

Field specific Target (fsTarget) generation

CTV

Gantry 270°fsTarget

Gantry 180°fsTarget
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Robust Optimization
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Robust Proton Planning 
Robust Optimization

Uncertainties

• Patient positioning uncertainty

• Range uncertainty 

Optimization parameters can be a mix of optimization 
objectives

• robust optimization

• non-robust optimization

The DVH gives a graphical representation of the robustness of 
each structure

• Voxels with minimum dose

• Nominal plan DVH

• Voxels with maximum dose

Plan Uncertainty Parameters 

• All fields move together in the X/Y/Z directions

Field Uncertainty Parameters

• Each field moves individually
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• Dr. Lei Dong (Head of the physics 
department at Upenn) and Dr. Alexander 
Lin

• We really like it and are very pleased with the 
plans we have been generating

• Dr. Lin mentioned it is at first hard to get people 
to move away from the PTV, but once they 
robustly evaluated the plan quality, they were 
very happy

• 30% of the patients now are planned with CTV-
based robust optimization, but this will grow.

Upenn: Robust Optimization

Users Experience 
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Robust IMPT optimization -
improving planning strategies
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Robust Evaluation
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• Anthony Mascia, PhD

• We decided to adopt Robust Optimization almost 
exclusively

• What plans are improved by robust optimization in 
our experience

• Bilateral head and neck

• Prostate + Nodes

• Craniospinal

• Clival chordoma

• Plans requiring an “aggressive” multi-field optimized, 
IMPT plan especially at high Rx relative to OARs

Cincinnati: Robust Optimization 
Robust Evaluation

Users Experience 

14

Robust IMPT optimization –
Robust target coverage
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Workshop 2: Robust Proton Planning
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Citrix environment
Workshop 2

25 Citrix accounts

− Username: Enlight0x (x = 1  25)

− Password: 3nL1gHt_@0x! (x = 1  25)

2 clinical cases 

− EnlightC100x (x = 1  25)

− EnlightC200x (x = 1  25)

Small users guide available at the workstations

Ask if you need support!
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Prostate + Lymph node
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Case 1
Robust Planning

Description

• Target1: 1.LYMPHNODE-CTV

− Prescription: 56Gy

• Target2: 2.CTV: 

− Prescription: 74Gy

• OAR

− BLADDER

− Bowel-PTV3mm

− FEMORAL HEAD_LT

− FEMORAL HEAD_RT

− RECTUM

Plan

• Create your beam arrangement
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Case 1
Robust Planning

Robust Optimization

• Perform Robust Optimization

− Optimizing on the CTV

• Select the uncertainties

− Patient Positioning = Isocenter shift

− Range uncertainty = Calibration curve error

• Select the Objectives that needs to be robust 
optimized.
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Case 1
Robust Planning

Robust Evaluation

• Evaluate the Robustness of the plan

− Plan Uncertainty dose

• Plan Uncertainty dose in DVH

• Max-Min Dose Distribution
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Lung
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Case 2
Robust Planning

Description

− Target: CTV_TOT

− Prescription: 66Gy

− OAR

− LUNG_LT

− LUNG_RT

− HEART

− Liver

− OESOPHAGUS

− CORD

Plan

• Create your beam arrangement
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Case 2
Robust Planning

Field_Specific Target

• Base Structure = CTV

• Enter the uncertainties

− Position uncertainty

− Setup error

− Internal target motion

− Axial Uncertainty (range uncertainty)

• Field_Specific Target is beam specific, repeat for 
each beam
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Case 2
Robust Planning

Robust Optimization

• Perform Robust Optimization

− Optimizing on the CTV

• Select the uncertainties

− Patient Positioning = Isocenter shift

− Range uncertainty = Calibration curve error

• Select the Objectives that needs to be robust 
optimized.
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Case 2
Robust Planning

Robust Evaluation

• Evaluate the Robustness of the plan

− Plan Uncertainty dose

• Plan Uncertainty dose in DVH

• Max-Min Dose Distribution
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Thank You


