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How to neutralize cancer tissues

Brute force : Remove or destroy cancer tissue, e.g. by irradiation, and spare
healthy tissue

Sometimes, not that simple

M 1Gy(RBE)
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Stem Cell Death
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Radiosensitive Tumor
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NuPECC Nuclear Physics for Medicine
@ (2014)
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Advantage of lon beams (hadron therapy) :
Bragg peak for local dose delivery
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Needs simulation tools, e.g Monte Carlo
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Advantage of lon beams (hadron therapy)
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Dose

Here again,

Sometime not so simple Relative
Biological Effectiveness (RBE) links to
physical dose

From NUPECC 2014
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PET lon beams for Hadron therapy

Comparison of in-beam PET with fragment 12C (11C, 150) and direct 11C use
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PET lon beams for Hadron therapy
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The main ingredients :An accelerator for isotope
production + isotope acceleration/separation

Projectile Fragmentation

Thin production
farget

ISOL

Transfer tube Ion source

Isotope / isobar
separator

Radioactive ion beam

Thin Target Technique (In-Flight)

Charged Particle Accelerator
Heavy lons

Energies > 50 MeV/u

Thin
Target

Thick target Method (ISOL)

Charge Particle Accelerator:
Protons - Light ions - Heavy ions

Neutron Source (Reactor)

Photon Source (electrons)

Combined

Jet [ »— PARTICL

HIGH ENERGY Solid
IONBEAM — | Catcher
> Gas Helium
Catcher [
Catcher/
. Ion guide |
Fragment
Separator
?

Neutron

Thick
Thick Target
Target
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A large fragment separator :
FRIB under construction at MSU (USA)

Isotopes for Applications
from FRIB Fragment

Separator .
r("’
Primary User
+ Specific isotope with
Primary beam | high purity
e € Mass Slit Isotope Harvesting

+ Afew specific isotopes
+ Potentially easier separation

\

Production
target

- * N

Fragment Catcher Isotope Harvesting
» Constrained range of isotopes
» Easier chemical separation

400 kw Beam Dump Isotope Harvesting
primary beam * Wide range of isotopes
* Challenging chemical separation
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Isotope mass separation with long-lived isotopes*

The Calutron (E. Lawrence) used during 2" world-war
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*are 11Carbon or 150xygen PET isotopes long-lived ?
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Losses in radioactive beam production

Extracted
Om/ _— 7 Plasm [
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Release loss Condensation Condensati Sidebands
Decay loss Decay loss Decay loss _Multiply charhed

Make sure you collect a large fraction and fast,
before it is decayed !

H. Ravn and W. Brian
"On-line mass separators.
" Treatise on heavy ion science. Springer US, 1989. 363-439.
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Accelerator components and concepts are required

11C isotope production
S. Segemann ESR11

Gas target lon Source,
(N, “N(p,a)}1CO,) J. Pitters, ESR3

Break-up and trapping,
A. Ringvall-Moberg, ESR1
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Possible acceleration schemes : efficiencies matter
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Injection —— Ejection
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Method Cyclotron Target Reaction In target Trap charging Injector Injector
production time repetition rate
E [MeV] I[nA] [pps] (ms) [p/injection cycle] [Hz] e
PET production 22 150 N, N(p.)''C 3x10'° 741 15x10° 13 + T.M. Mendonca et al., CERN-ACC-2014-(
(production batch) (<1 atm) .
REX-ISOLDE 70 1200  NaF:LiF 9E(p2on)''C 4 10" 56 1.5 x 10° 18 S. Hojo, et al. NIMB 240, 75 (2005).
(ISOL) eutectic
o @ — R. Augusto et al NIMB, 376, 374 (2016)
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| wish you a very successful
summer school hosted by CNAQO!!!
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Cancer regulation pathways: « it’s simple »

Motility Circuits tostasis and
ifferentiation
Circuits

anti-growth
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DEruptions of Negative-Feedback Mechanisms that
Attenu ate Proliferative Signaling

at ancthar axampla involves thamTOR kinase, a coordinator
of cell growth and matabolism that lies both upstream and down-
straamof the PI3K pathway. Inthe circuitry of some cancer calls,
mTOR activation rasults, via negative feadback, in the inhibition
of PBK signaling. Thus, whan mTOR is pharmacologically
inhibited in such cancer cells {such as by the drug rmpamycin),
the associated loss of negative feedback results in increasad
activity of PI3K and its effector AKLPEB, thereby blunting the
antiproliferative effects of mTOR inhibition {Sudarsanam and
Johnson, 2010; O'Reilly at al., 2006). fis likaly that compromisad
negative-feedback loops in this and othar signaling patbways
will prove to be widespread among human cancer calls and
sarve as an important means by which thasa calls can achiave
profiferative indepandance. Marmovar, disruption of such self-
attenuating signaling may contribute to the development of
adaptive resistance toward drugs targeting mitogenic signaling.

Leading Edge

Hallmarks of Cancer: The Next Generation

Douglas Hanahan'2* and Robert A. Weinberg®*

1The Swiss Institute for Experimental Cancer Research (ISREC). School of Life Sciences, EPFL, Lausanne CH-1015, Switzerland

2The Department of Biochemistry & Biophysics, UCSF, San Francisco, CA 94158, USA

SWhitehead Institute for Biomedical Research, Ludwig/MIT Center for Molecular Oncology, and MIT Department of Biclogy, Cambridge,

MA 02142, USA
‘Correspondence: dh@epil.ch (D.H.), weinberg@wi.mit.edu (RAW.)




THE BIRTH OF ON-LINE ISOTOPE

SEPARATION

ISOLDE “0”

O.Kofoed-Hansen

K.O. Nielsen
Dan. Mat.Fys.Medd. 26, no. 7 (1951)

METAL TUBE
ON S0kVOLY

89Kr (CO,, H,0, NH,)

2+
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MODERATOR AND SR _l
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10 MeV deuterons
d-to-n converter (Be)
n moderator (wax)
UO, (10 kg)

Baking powder

CERN 76-13, 3" conf. nuclei far from stability
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ISOL Beam intensities

RIB intensity  Proton beam Diffusion+
(s AL IntenS|ty Avogadro Effusion
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GPS
Target
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1.4 GeVp \ Separators
From PSBooster
HRS ™. 4

target station

REX-ISOLDE radioactive ion beam post-accelerator

Multiple charged

Bunches and coofsnalyzing magne

Triplet

Accelerator  Accelerator Accelgrator

Switched from from from

(Egﬁr%p 5 -> 300 keV/u0.3 -> 1.2 MeV/@.2 -> max 2.2 MeV/u

g HIE-ISOLDE:
* Charge .
breeding Superconducting
post-accelerator
(1stbeam in 2015)
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A dedicated mass separation facility for medical
applications

1000+ isotopes e 8 S
Of 70+ target - ion source s s -

chemical element
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