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R TRIUMF Beamlines and Production Sites at TRIUMF
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R TRIUMF PET isotopes
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Routine production of 11C and 18F
New: radiometals Sc-44, Ga-68, Y-86, Zr-89



R TRIUMF SPECT Isotope: Tc-99m
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@TRNMF 9mTe Path Forward: Clinic and Commercialization

* Project Status
« 4.7 Ci(GE), 15 Ci (TR19), 32 Ci (TR30)
« Clinical Trials Underway
» Bone/thyroid (36/60 patients scanned)

« Commercialization
* Sole license issued to ARTMS Products Inc.
* Pursuing venture funding - ~$1.6M in stated
interest to date

ARTMS °°MTc Production System



@,TRlUMF a emitters
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@ TRIUMF lonizing Radiation

e G—hr——d"om

hremsstrahlung

strongly and ionize directly
B - %’%

charged particles interact

aElectron
i
neutral particles interact less,
noo L. & n capture photon ionize indirectly and
Recail penetrate farther

Froton



@,TRlUMF 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




R TRIUMF LET — Linear Energy Transfer

Low LET — photons, electrons, protons, indirect
damage via free radical formation

09856

OO High LET —ions, neutrons, protons,
o .
direct damage
Linear Energy Transfer (LET): Energy
S transferred (ionization, secondary electrons)
DNA Segment per unit distance



R TRIUMF Example of successful clinical application

Remarkable responses to Bi-213-DOTATOC
A B C observed in tumors resistant to previous therapy
? with Y-90/Lu-177-DOTATOC
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12/2014 7/2015 9/2015 Case I: Shrinkage of liver lesions and bone metastases Case |I: Response of multiple liver lesions after i.a.
PSA = 2,923 ng/mL PSA = 0.26 ng/mL PSA < 0.1 ng/mL after i.a. therapy with 11 GBq Bi-213-DOTATOC therapy with 14 GBq Bi-213-DOTATOC
Kratochwil et al., J. Nuc. Med. July 2016. SNM 2012 Image of the Year (A. Morgenstern, JRC, Germany)

Targeted alpha therapy (TAT) showed very high potential!
Slide: Valery Radchenko



QTRIUMF Isotope Accelerator Program (ISAC): 50 kW ISOL Facility

Isotope production using TRIUMF’s
500 MeV infrastructure

1) ISAC - ISOL (Research, Feasibility) __-

Low activity (kBq to MBQ), high purity ‘
2) 500 MeV - IPF (BL1A)

Intermediate activity (MBq), spallation il

Routine, independent production

3) ARIEL/H*
High activity (GBQq), spallation

Enable radiopharmaceutical development and
clinical trials

Experiments underway



R TRIUMF

90

Hundreds of co-produced isotopes including;
225Ra, 225AC, 224Ra’ 223Ra’ 213Bi’ 212|:)b, leBi’ 209/211At
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R TRIUMF

Sample holder
(with current monitor)
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R TRIUMF Radium to Actinium and Beyond...

Implantation and Isolation 2?>Ra/??>Ac 225Ra/??>Ac generator
1000 T T T T T T ™3 133 [ —— Ra-225 % total activity
E 80 |- Ac-225 % initial activity
100-§ ¥ 3 70
g 104 é 50 -
£ ; ; < 40 -
< | Dilute acid by i ] A
E . E 20 -
extraction o |
0.1 I : T T I I . 0 T T T T T T T
0 1 2 3 4 5 6 0 10 20 30 40 50 60 70
Extraction Attempts Time (d)

> 99% of all implanted 22°Ra/?2°Ac
activity* recovered
*quantified using HPGe gamma spectroscopy Clean sample of #2°Ra and ***Ac
<1 mCi %?°Ac per implantation

4 runs so far

casng .CIHRIRSC ‘Ramogida




R TRIUMF
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225Ac Decay Chain Energy Spectrum

Distinguishing ?2Fr from %13Bi

Fr-221 image
Bi-213 image

—— Ac-225 decay chain
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R TRIUMF First 225Ac scan

High Energy
Collimator

L
) i
221Fr - 218 keV 213B;j - 440 keV

High Sensitivity
Collimator

221Fr - 218 keV 213Bj - 440 keV
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R TRIUMF |Isotope Accelerator Program: Isotope Production Facility

Isotope production using TRIUMF’s
500 MeV infrastructure

1) ISAC - ISOL o | __rameey_TRANsrER
Low activity (kBqg to MBq), high purity Gl

» Feasibility chemistry, radiolabeling P ¢ e R
2) 500 MeV — IPF (BL1A) e e

Intermediate activity (MBQq), spallation
* Routine, independent production

3) ARIEL/H*

High activity (GBQ), spallation

« Enable radiopharmaceutical development and J i
clinical trials C [ el

500 MeV Isotope Production Facility



S TRIUMF Target Test Design and Simulation

0.4 g/cm? ThO: target

FLUKA Parameters
X (em) t.3 14 15 16 1‘72‘1;‘1.9 2 21 22 23 beam tlme 125 h
T o T current 90 pA
FWHM x 1.35cm
Tantalum Capsule ThO, Foils
Beam Direction ————3 FWHMy 1.38 cm

Inconel 600 Entrance and
Exit Target Windows

Inconel 718 Centering Rings

Inconel 600 Spacing Rings
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R TRIUMF Isotope Accelerator Program: ARIEL Parasitic Target Station

Isotope production using TRIUMF’s enclosed Th target

. retrieved from
500 MeV infrastructure peam cump) \
1) ISAC - ISOL

Low activity (kBqg to MBq), high purity
» Actinide targets
» Feasibility chemistry, radiolabeling

2) 500 MeV - IPF (BL1A)
Intermediate activity (MB(), spallation
* Routine, independent production

3) ARIEL/H*

High activity (GBq), spallation

 Enable radiopharmaceutical development
and clinical trials proton

beam line ™

beam line

primary ISOLtarget in vacuum
enclosure
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