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Medical Application @ TRIUMF
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Cancer

Cancer occurence coorectal cancer
'+ bladder cancer, 7% non-Hodgkin

lymphoma, 5%

lung cancer, 15%
skin melanoma, 5%

kidney cancer, 4%

oral and pharyngeal
cancer, 3%

prostate cancer, leukemia, 3%

25% .
ancreatic cancer,

other, 20% " ‘

3%

Cancer occurence colorectal cancer, .

lung cancer, 14% 10% endometrial cancer,
’ 7%
non-Hodgkin

lymphoma, 4%

thyroid cancer, 4%

breast cancer, 26% Skin melanoma,

4%
ovarian cancer, 3%

kidney cancer, 3%

0,
other, 22% leukemia, 3%

Cancer mortality prosta:t;:/:ancer, colorectal cancer,
(v]

pancreatic cancer,

6%
liver & intrahepatic
bile duct, 4%

0,
lung cancer, 31% leukemia, 4%

esophageal cancer,
4%

bladder cancer, 3%

non-Hodgkin
lymphoma, 3%
kidney cancer, 3%

other, 24%

= colorectal cancer,
Cancer morta"ty 9% pancreatic cancer,

6%

ovarian cancer, 6%
non-Hodgkin

lymphoma, 3%

leukemia, 3%

uterine cancer, 3%

liver & intrahepatic
bile duct, 2%

brain and other
nervous system,

other, 25% 2%

lung cancer, 26%



Cancer Research
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Cancer Research
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External beam therapy

e Electrons only used for surface tumours

e X-rays (6-18 MV) most commonly used
radiotherapy, many techniques to spare
healthy tissue (3D conformal beams,
image guided delivery, real-time motion
tracking etc.), compact and cost efficient

* Protons need 230 MeV accelerator for
clinical use, large facility, expensive

Dose

Electrons
(4 MeV)

Protons
(150 MeV)

0cm Depth
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DNA Break

e DNA (Deoxyribonucleic acid):
genetic instructions for
development and functioning

e Cell needs information from DNA
for survival

e Single helix break easy to repair
e Double helix break more difficult
to repair

e Cell can not survive

e Radiotherapy: as many double
helix breaks in cancer cells as
possible with as few double breaks
as possible in healthy cells

The cell "double checks” the ,’; &
duplicated chromosomes for / /
error, making any needed If
repairs.
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FLASH effect

Conventional dose rate ~ 0.03 Gy/s
 In 20 — 30 fractions to affect all cell cycle
phases, and to reach the hypoxic centre
of a tumour

The cell "double checks” the ,’;
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FLASH effect

Conventional dose rate ~ 0.03 Gy/s
 In 20 — 30 fractions to affect all cell cycle
phases, and to reach the hypoxic centre
of a tumour

FLASH dose rate <40 Gy/s
« Lower toxicity in healthy tissue but same
tumour control
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FLASH effect

Conventional dose rate ~ 0.03 Gy/s
 In 20 — 30 fractions to affect all cell cycle
phases, and to reach the hypoxic centre
of a tumour

FLASH dose rate <40 Gy/s

« Lower toxicity in healthy tissue but same
tumour control

 Effect only consistently observed in-vivo,
not in-vitro

« Oxygen — depletion hypothesis, healthy
tissue becomes basically hypoxic

* To reach high dose rates — remove
target..... electron beam

Ic: 5 months

How does it work and how can it be used clinically? Bourhis et al., 2019



Electron FLASH in Vancouver

e Around 260 Gy/s
e FLASH effect observed!!!

« But: Not penetrating enough for deeper tumors...... APPM 2020, Andrew Minchinton



Proton FLASH @ TRIUMF
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« Started to explore FLASH beam delivery 2

at TRIUMF Aug 2020

0 : | : | : | : | : | : |
0 2 4 6 8 10 12

SEM beam current (nA)

« Dosimetry with fibers

 But: Proton Therapy requires expensive accelerator



Photon FLASH @ ARIEL e-linac
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Electron gun 300 keV 10 mA (CW)

Three accelerating superconductive
cryomodules

Irradiation stations:
— Low energy (CTS — 300 keV)
— High energy (EABD — up to 30 MeV)
— Medium energy (EMBD - up to 10 MeV)

thermoionic P 1t cryomodule >
electron gun




Photon FLASH @ ARIEL e-linac

)
=
| 1SAC-1I
il ENERGY

JE— EXPERIMENTAL MALL -
P #

MAR OFFICE
BULDNG

TR 30=1
I50TORE
PRODUCTION
CYCLOTROM

MDs |
NORDION
COMPLEX

TR42
I50TCPE
PROCUCTICN
CYCLOTRON

TR13
IS0TOFE
PRODUCTION
CYCLOTRON

-, i

EROTOMN HALL
EXTENSION

ANDHOT CELLS

;
%
'.-.I'-

500 Mel

- 1S0TOPE
e PROBUCTION

FACIITY

1,_\_\
W FOLARIZED M5 14

KN SOURCE




Photon FLASH @ ARIEL e-linac

FLASH — DoseEg @ 10 MeV

Average dose rate up to ~ 200 Gy/s
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EMBD Retrofit for FLASH

Retrofit EMBD structure

Sliding lead shield
assembly

CLOSED




FLASH Irradiation Setup

Vertical motion stage

Holder Holder
(retracted*+shielded") (aligned, ready for delivery)

« Manufacture, installation and testing winter/spring 2020/2021
What's next?
« Experiments with biological samples fall 2021
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