% DARTMOUTH

Electron FLASH in Clinical Setting: LINAC
Conversion, Commissioning and Treatment

Planning

Mahbubur Rahman?!’, M. Ramish Ashraf!, David J.
Gladstonel?3, Petr Bruzal, LesleyA. Jarvis?3, Philip E.
Schaner?3, Xu Cao?, Brian W. Poguel34 P. Jack
Hoopes!?34, Rongxiao Zhang'?*

! Thayer School of Engineering . i .
Air lonization from ELASH beam

2 Department of Medicine, Radiation Oncology, Geisel School of Medicine
3 Dartmouth-Hitchcock Medical Center
4 Department of Surgery, Geisel School of Medicine

ITHAYER SCHOOL Ol

ENGINEERING
AT DARTMOUTH /5




D

DARTMOUTH

Motivation: FLASH RT Reduces Normal Tissue Toxicity

Human Cutaneous Lymphoma

Mice after Whole Body Irradiation
100,

Favaudon V. et al. Ultrahigh dose-rate FLASH irradiation
increases the differential response between normal and

tumor tissue in mice. Science Trans. Med. 2014.
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Prior LINAC Conversion for UHDR Delivery

High dose-per-pulse electron beam dosimetry: Commissioning of the
Oriatron eRT6 prototype linear accelerator for preclinical use

Problem: There is a lack of availability to UHDR delivery systems
with a FLASH-enabled treatment planning system (TPS) with
minimally modified clinical settings

Experimental Platform for Ultra-high Dose
Rate FLASH Irradiation of Small Animals Using
a Clinical Linear Accelerator
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Purpose: Develop a widely accessible and adoptable method

of FLASH radiotherapy incorporating treatment planning.
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LINAC Conversion and Delivery Method
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Air lonization from FLASH beam

>290 Gy/s at Isocenter
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Spatial Beam Characterization
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Beam Stabilizes after 4-5 pulses Delive
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Beam Stability

Per Conversion
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Electron FLASH Clinical Treatment Planning
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Creating the Beam Model Eneray Spectrum
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Verification of Lateral Beam Profiles within 1.5%
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Implementation Into Eclipse Treatment Planning

Software
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GAMOS Forward Dose Calculation: Whole Mouse

Brain
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D
Eclipse TPS: Canine Oral Melanoma
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Eclipse TPS: Human Patient with Rib Metastasis

Conventional UHDR FLASH

Rahman M et al. [JROBP. (In Revision) 2021.




% DARTMOUTH

Open Source on GitHub
https://github.com/mr3536/eFLASHBeamModeltoTPS

world.geom

MEDICAL LINAC GEOMETRY FOR A VARIAN 21eeC

mr3536 Update README.md £f3ce74 on Feb 25 %) 12 commits U ———
GEOMETRY PARAMATERS TO BE SET
10MeY_Beam Add files via upload 4 months ago
ECUT 708.8*keV
:P PCUT 10.8*keV
LICEMNSE Initial commit 4 months age ° .P SMAX lel@*cm

fieldX 48.0*cm

README.md Update README.md 3 months ago :P fieldY 4e.@%*cm
:P SSD 1@@.8*cm

CREATE THE WORLD VOLUME
README.md ' :VOLU world BOX 208.@%cm 28@.@*cm 200.0*cm G4_AIR
:VIS world OFF

// INITIALIZE THE MATERIALS

eFLASH Beam Model to TPS

$STOM
#
Here is a configured beam model in a treatment planning software (Eclipse, Varian) of an electron ultra-high dose rate '""”Chi”::dli iy BT
generate rom
(>40GY/s) FLASH irradiator from a modified linear accelerator (Varian CLINAC 2100 C/D) utilizing clinical accessories algorithm: Electron EMC1628
) . . - . . Rt - - beam data: 1@ MV 9 MeV EMC
and geometry. The medifications are described in doi:10.1016/j.ijrebp.2021.01.011. The GAMOS produced and e e —
confirmed model is included in the file "GAMOS_Beam_Model_100cmsS5D". The GAMOS MC simulations for a mouse data: MeasuredDepthDosesForApplicator
brain treatment and delivery in a water phantom for validation are included in "GAMOS_Mouse_Treatment_Example". %VERSION @2
Run_Code.txt" provides the few lines of code input to terminal to run the simulation with the brain treatment as an o
example. The GAMOS simulation to produce Eclipse and the Eclipse input files for the beam model are included in the ¥ENERGY 069.00
. , . , %TYPE MeasuredDepthDosesForApplicator
file "Eclipse”. s lon

%CalibrationDepth 2.59
%CalibrationFactor 1.014

%FLSZ 060*060

<+000.0 +600.0 +006.6 +086.271>

<+000.0 +600.0 +000.1 +880.591>
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Flexibility in Machine Promotes High Throughput
Iﬂ StUd IES ——p—— A Animal Studies

Treatment Plannin g Radiation Oncology * Biology * Physics  7¥STRO
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Minimal Changes to the Clinical Workflow
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Conclusion

* eFLASH-RT was feasible in minimally modified radiation oncology clinical
settings
* ~300 Gy/s at the isocenter
* Beam is stable per delivery and per conversion

* The first treatment planning system of a modified LINAC for eFLASH-RT

* Flexibility in machine allows for high throughput in studies Air lonization from
FLASH beam

e Aramp-up period (first 4-5 pulses) was observed

* Future Work

* Dose rateimplementationinto the treatment planning process

* Validationsin animal studies prior to considering clinical translation.
e Open Source: https://github.com/mr3536/eFLASHBeamModeltoTPS

e Publication

 Rahman M* et al. Electron FLASH Delivery at Treatment Room Isocenter for Efficient
Reversible Conversion of a Clinical LINAC. [JROBP.2021.

« Rahman M et al. Treatment Planning System for Electron FLASH Radiotherapy: Open-
source for Clinical Implementation. Under Revision at /JROBP. (available on arXiv)
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