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Virtual Patient Guided Radiation | owe to my colleagues for their excellent works on this talk...
Therapy (VPGRT) -
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More details in s new dosimetry book This talk introduces you the concept of
virtual patient modeling
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Chapter 15:
5D Dosimetry in Radiotherapy
Planning and Delivery

F(5D) = D(x,y,2,t,5)

Virtual Patient Model
Current Challenges

5D QA Framework
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Virtual Model-Comparison
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Virtual Patient Challenges

v The current patient anatomy is static

v Time factor (the 4th dimension) is
considered, however, inter-fraction and
intra-fraction motion still have issues

v Organs deformation is not considered or
estimated only (the 5th dimension)

v Treatment final dosimetry result is unclear

v No further study for biology effect
evaluation and follow-up
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Virtual Model-Boundary Representation Model
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Virtual Patient-Adding Motion in 4D

VPGRT Concept

v'Create a virtual patient to guide the
radiation therapy of the patient

v'The virtual patient is alive and changes
with the current patient status

v'The virtual patient can predict the future
development of the patient




Piston model of diaphragm motion 4D NCAT phantom
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Q -Simple respiratory
model for diaphragm
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Liet al., (Daniel Low Group, Washington Univ.) | Segar et al., (Duke University)

Nonlinear registration (FEM)

- Respiratory motion driven by
displacement boundary condition
- Registration between EE-EI
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Al-Mayah et al., (Brock Group, Princess Margaret Hospital)
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ctive Model

Transpulmonary Pressure (emH20)

J. Eom, G. Xu, S. De, C. Shi, Med Phys, 37:4389-4400,2010
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Clustering Breathing Curves with

Q. Li, M. Chan, C. Shi, AAPM Meeting, 2017
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B. Guo, G. Xu, C. Shi, Med Phys, 38:2639-50, 2011 9

Current Challenges and Opportunity

v It is time-consuming to create a dynamic deformable model
v' Hard to model each individual, however

v Computing ability is increasing, GPU etc.

v Deep learning algorithms are evolving
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External Surrogate Prediction Using LST

Root Mean Square Error
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Lin et al 2019 Phys. Med. Biol.
https://doi.org/10.1088/1361-6560/aba3fa
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Can We Apply to Hardware? The Future...

Typical software defined
reservoir computing (RC)
network
Weights:
=P Fixed, random
=asap Trained
Inputlayer  Hidden layer Output ayer Category
(Reservoir) bins

AFRL/RI planned full implementation of reservoir computing system
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5D Delivery

Entrance Dose-machine

* Max. likelihood solution

Given data E, F find M
parameters

so that M can generate E with
certain error degree

3>0.1%

Real time monitoring-motion

Exit Dose-deformation
_—
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Will Help? Can We Predict the Tumor Response?

A geometric atlas to predict lung tumor
Extract Patient Define th patient Predict the QA Automatic s:"mlfage for radiotherapy treatment
Features Group results QA analysis planning

Pengpeng Zhang'*, Andreas Rimner’, Ellen Yorke',

Yu-Chi Hu', Licheng Kuo', Aditya Apte', Natalie Lockney’,
Andrew Jackson', Gig Mageras' and Joseph O Deasy'
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Predicable

Summary and Questio

In summary, this presentation was about applying the virtual patient model to
guide radiotherapy — an effort made in personalizing medicine

—

Virtual patient guided
radiotherapy (VPGRT)
becomes reality soon

5D Dosimetry is
underway
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