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Theranostics in nuclear medicine

PET imaging (B*)

Targeted Radionuclide Therapy (a, 37)
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The Bern medical cyclotron and its

Beam Transport Line (BTL)
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> 8 out ports: 4 "8F liquid targets [industrial production], BTL, solid target [research]

>  GMP radio-pharmacy
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Solid target station
IBA Nirta (commercial solution)

/

> Target:
> 24 mm diameter 2 mm thick disk

> electro-plated materials
> Manual insertion and recovery of the disk

> Cooling:
> water in the back

> helium in the front
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Challenges for the production of radiometals
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> Target materials in form of powder (ex. CaCO,, CaO, TiO,, Zn, Zn0, ...)
— Enriched target material very expensive

> Cooling issues
— Poor heat conduction

> Radiation protection issues
— Degassing during/after irradiation [ 16O(p,a)"*N ]

> High activities (GBq) and high purity needed
— Accurate knowledge of cross sections and beam characteristics
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with a medical cyclotron
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> Beam monitoring is essential

S. Carzaniga et al., Applied Radiation and Isotopes 129 (2017) 96—102.
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Our strategy for the production of radiometals
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Commercial solution for the transfer of the irradiated disk
— Pneumatic system (STTS by TEMA Sinergie, Italy)
— Two delivery pathways:

— Hot cell in the radio-pharmacy (standard)

— BTL bunker (unconventional)

Compress the power material into pellets
— Ex. 6 mm diameter, 500 um thick, ~30 mg of CaO, ~100 mg of Zn

Develop a new kind of target “coin”

Activity/purity assessment at EoB
— CZT detector
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The solid target station and the pneumatic transfer system
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Coin charger (up to 3 disks)

= 2 delivery pathways
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The receiving station in the BTL
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Lead pot CZT detector I

= ~1.cm3CdZnTe (CZT) crystal
= ~40 cm from target
= Gamma spectroscopy
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Activity and purity assessment at EoB with the CZT detector
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The “coin”
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6 mm diameter pellet
Target material: CaO, Zn, ...
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High-purity aluminum

Two halves kept together by
permanent magnets

— SmCo, 350°C Curie temperature

O-ring to contain radioactive gas

Variable thickness of the front for
energy variation
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First results
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Isotope | Reaction Target material Current [ppA] | Time [h] | Apop [GBq|
S (p,n) " Ca0 pellet 5 5 @)
b4 Cu (p,n) “""Nji electrodeposition 15 10 ~20
8Ga (p,n) cnrZn pellet 5 0.5 ~15 =
sy (p,n) Ti metal disc 10 1 ~0.15 **
165Er (p,n) Ho metal disc 10 10 ~1.5

> 44Sc: ~15 GBq in 5 hours
> The impinging energy is crucial (cross sections)
> Near future: 43Sc (~5 GBq) and 4’Sc (~10 GBq)

* Diana Wthich, Master thesis, U. Bern, 2018.
** L. Gerchow et al., High Efficiency Cyclotron Trap Assisted Positron Moderator, Instruments 2 (2018) 10.
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On-going developments
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I Present Future I
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An active irradiation system to enhance

the performance of solid targets
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Mini beam line Beam monitor Solid Coin target
Cyclotron detector target Energy variation
H-V focusing X-Y on-line beam station Material in
X-Y steering monitoring pellets / foils
7 7

MiniBeamLine (D-Pace, Canada)
Quad doublet + XY steering in a single magnet
Compact: 40 cm long, 54 kg

Does not need a second bunker!
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Beam monitoring detector — Option 1:
UniBEaM

Movement

g

Sb* doped fiber at 5 nA
Read-out: PMT

Beam pipe

Connection support
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On-line monitoring with UniBEaM
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.......

Posmoﬁw
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UniBEaM commercialized by D-Pace
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o UniBEaM25

lon Beam Profiler using Optical Fiber Sensor
D-Pace Single and Dual Axis Systems

UniBEaM25-S — Single Axis Probe

UniBEaM25-D — Dual Axis Probe

UniBEaM was conceived by the AEC-LHEP of the
University of Bern! and commercialized by D-Pace.
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Beam monitoring detector — Option 2: u
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P47 deposited
on Al foil

Visible light

2d beam profile
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First preliminary results with T
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ISO 100 version

"
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A novel 3-D beam monitoring detector: TC3
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Vacuum gauge

Quadrupoles and steering magnets
Vacuum valve

cintillatingfoi\,e
., verdf

f'y)'- eam shutter

> 3 cm diameter P47 coated Al foil + small CDD camera in vacuum
> Both moved inside the beam pipe as an “endoscope”
> Full 3-D characterization of the MiniBeamLine

A. Gsponer, Bachelor thesis, University of Bern, 2018.
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First preliminary results with TC3

Prelimina
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Conclusions and Outlook
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> Research program on theranostic radioisotopes at the Bern medical cyclotron

> Developments based on accelerator and detector physics
— Cross section measurement method
— Novel target “coin” to irradiate materials in pellets
— 1, 2 and 3 D beam monitoring detectors
— Active irradiation system

> First promising results in the production of radiometals
__445¢ 48\ 64Cy. 68Gg

> Developments for any medical cyclotron
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