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CERN-MEDICIS:

Production d’isotopes selon I'approche « ISOLDE » pour la recherche
médicale
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Jan 2014
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The Philosophy behind
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The ISOLDE facility

The On-Line Isotope Mass Separator ISOLDE is a facility dedicated to the production of a
large variety of radioactive ion beams for a great number of different experiments, e.g. in
the field of nuclear and atomic physics, solid-state physics, life sciences and material

science

Up to 50% of
total CERN
proton are
delivered to
ISOLDE
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Class A work sector

r1m

all
Category - Percentage
Nuclear structure using reactions (I n 2011) 28%
Nuclear structure from ground-state propertes and beta-decay 22%
Nuclear astrophysics 1%
Fundamental interactions 3%
Solid—statggl}ySi& — —— — — — —— — —_— 12%
FBiophysics and medicine T 4% s
T T T == = = —— —{otaHNTCaml FOTRIBSNIf® | 71%
Target and ion source development and Coordinator’s reserve 29%




Mzaicis  Full MEDICIS principle

[ireadiation

BEAM
DUMP

Chemical separation

IRRADIATION POINT

» —1 » [}

| Online separation

TARGET + FRONT-END
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The Philosophy

e Scope : Life sciences, Medicine
 Innovative protocols (Surgery/brachytherapy/combination)

 Innovative isotopes for imaging and treatment

Field of Radiation | Chemical elements Half lives
Application
PET

B* Alkaline earth 10°s min.
SPECT v Halogen_ Hours
Lanthanide Days
TAT o Transition metals Months
Beta therapy B

Auger therapy e
 Studies on cells, animals (« preclinical »)

possibly extended to clinical phases
(needs upgrades, but this can, be reached) 5
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The Project

"Noah, tell me again who's your
project sponsor?”
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Planning proposal*
*subject to modification...

PHASE | Commissioning : No beam end 2015
PHASE 11 Commissioning with beam and light targets to gain operational experience 2016
PHASE 11 B Isotope production with light targets mid 2016
PHASE IlI Extending to heavy targets up to Tantalum end 2016
PHASE IV Collection of short lived alpha emitters (e.g. 149Tb) 2017

PHASE IVB Operation with Lasers

PHASE V Operation with Uranium targets/possible proton beam upgrade 2018
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MEDICIS’ team @CERN:

T. Stora (MEDICIS), S. Marzari (Building), R. Catherall (HIE-DS coord), A.P. Bernardes
(g-al safety),K. Kershaw (remote systems), Z. Lawson (KT aspects)

M. Vagnoni (RCS), R. Augusto (Fluka), A. Polato (\Ventilation, cooling), E. Perez-Duenas
(Bld), V. Barozier (Integration), R. Necca (EL), J.L. Grenard (Robot), M. Stachura (Bio
R&D), J. Vollaire (RP), A. Dorsival (RP), F. Loprete (doors), Y. Martinez (isotope
separator), tbcont’d

1/27/2014 CERN-2014 8



dz9icio . | . EN .
A new office for biomedical “2 st

applications at CERN 9919z

About CERN Students & Educators Scientists CERN
CERN
l\ Announcements Opinion Official communications Updates
N Interview with Steve Myers L
20
2013

Medical applications play an important role at CERN and recently the DG has decided to structure
them under a common umbrella. Steve Myers, GERN's Director of Accelerators and Technology

Stre am li ni n th e ath from has been appointed as the first Head of GERN's Office for Medical Applications. We have decided
g p to dedicate October's issue of the PH Newsletter to this interesting field and asked Steve Myers
for an interview. Following his long-standing career on accelerators and his experience from LEP

p hysic s to m e di ci n e and the LHC, Steve discusses about his future ambitions and the challenges of his new role.

== " What do you think about your new role and what is
 your greatest ambition?

Rolf Heuer
We all know them: the well-established cases of
knowledge transfer from physics to medicine in

which CERN has played an important role. From
technology for PET scanners to dedicated accelerator designs for

<" This is the first time that CERN has put (into its medium-
- . .term) a budget line for medical applications. It is a small

~ budget line but can be the seed for important projects.
“ Over the last years, many medical activities have been
going on at CERN; however these efforts were not focused.
There are several activities related to CERN's technologies
including the design of specialized accelerators for cancer
therapy, the conversion of the Low Energy lon Ring (LEIR)
into a biomedical facility, radio-isotope production using
ISOLDE, medical imaging and applications to improve
dosimetry for patients and finally large scale computing
applications. The DG thought that the time had come to put
| these projects under one umbrella and asked me to be the
coordinator.

cancer therapy, we have contributed a lot over the years. But until

| want to set a common goal and try to coordinate these

Kick-off meeting 22 Nov 2013
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(Empty)
Laser barack

Positive safety review in summer 2013
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bMeaicis  The Rail Conveyer SystemE:'T]

and Kuka Robot 19Giaz

Tested for 5 years of operation
during the CERN open days
last September
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Bzaicis  Some yield estimates

ISOLDE' CERN-MEDICIS' CERN-MEDICIS 2GeV 6pA
i Isot Parent | Target In-target RIB

Medical SoOpe | aen arge In-target Extracted | Possible In-target

half- isotope - Eext** Activit gain Comments
icati : i ctivi Activity EOB
pplication life beam |lon source| production ActivityEOB (%) ActivityEOB y O o c 1tv1d ); . /.t
rate (pps) B9 (Bq) EOB (Bq) | €ext(%) | Extracted Activity
EOB (Bq)

- 213p; 221

5 therapy/ Bi | 255 |ycxRe 15E9* 7.2E8 Fr 2 8E8 28E7 50 | 84B8  4opg | Onymass

“T/dosimetry | 456m 10 separation
212p: 220

 therapy Bi | 22000 lycxRe 1.5E9* 14E9 Fr 1.7E9 1.7E8 50 51E9  25E9 | Oy mass
60.6m 10 separation
177 177 Ta-R 177 '

B therapy Lu Lu | To-Ref 3.3E9 74ES Lu 6.4E8 6.4E6 20 | s3es  17ps | Chemic
6.74 | RILIS/VD | Re-VD5 1 purification
166 166 i

ger therapy Yo 166y | Ta-Re 1.4E10 5.4E10 Yb 4.1E10 2.1E9 20 | s54p10 1110 | Chemicdl
56.7h 5 purification
166 166 i

B therapy Ho | 166, | Ta-Re 14E7 1.2E7 Ho 9.6E6 4.8E5 20 2987 eops | Chemical
25.8h 5 purification
161 161 i

(iger therapy 1 1617, | ycxre 2.1E7 27E7 To 1.9E7 9.5E5 20 | 2787 sape | Chemicd
6.9d 5 purification
156 156 i

3- therapy To | 1567, | TuRe 2.5E8 8.9E7 To 5.5E7 5.5E5 20 | 63g7  13py | Chemi
5.35d 1 purification
155 155 155

SPECT Tb DY/ | TaRe 3259/ 7.9E9 Dy 53E9 5.3E7 20 | 34E9  68E8 | RILISDy
5.33d Tb 74E8 1
153 153, i

3 therapy Sm | 15360 | UCK-Re 1.5E8 22E9 Sm 2.8E9 14E8 20 | 5289 10p9 | Chemical
46.8h 5 purification
152 152 152

PET/CT Tb DY/ | TaRe 1.3E10/ 5.6E10 Dy 3.7E10 3.7E8 20 | 1L1E1l  22E10 | RILISDy
17.5h Tb 3.3E9 1

1/27/20] 4149 ]g; H ical 14

« therapy To | 1497, | TaRe 1.1E10 6.0 OER N=2014 3.8E10 3.8E8 20 | 12811 24p | Chemicdl

41h 1 purification
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Pr-PET/ Nd | 10yg | Ta-Re 1.8E9 2.0E10 Nd 1.2E10 6.0E8 20 | 20810 40py | Chemical
ger therapy 3.4d 5 purification
89 89 1
- therapy Sr 895 | UCX-Re 1.2E10 2.3E9 Sr 2.0E9 1.0E8 20 2789 54pg | Onlymass
50.5d 5 searation
82 82
PET Sr 825, | UCX-Re 3.6E10 4.6E9 Sr 1.7E9 8.5E7 20 2089  40ps | Onlymass
25.5d 5 separation
77 ] 77 hemical
- therapy As 77 | UX 5.7E9 1.1E10 As 5.8E9 2.9E8 20 94F9  14py | Chemica
38.8h VD5 5 purification
74 74 i
PET As ps | VO 6.5E9 1.2E9 As 3.8E8 1.9E7 20 4588  9opy | Chemical
17.8d -VD5 5 purif
72 Y 72 hemical
PET As 7276 205 1.6E10 2.8E10 As 9.1E9 4.6F8 20 15610 30p9 | Chemica
26.0d -VD5 5 purification
71 71 i
PET As Tias | O 1.8E10 1.8E10 As 5.9E9 3.0E8 20 80E9  1epy | Chemical
65.3h -VD5 5 purification
67Cu 67Cu Chemical
3 therapy 7Cu | UCX-Re 2.7E9 3.4E9 1.5E9 1.1E8 20 27E9  5.4ES8 e
61.9h 7 purification
64 64 1
PET Cu | e, | YO 1.1E10 2.3E10 Cu 7.1E9 3.6E8 20 | 21610 3epy | Chemicl
12.7h -VD5 5 purification
61 61
", dosimetry Cu oy | 0O 7.7E9 1.7E10 Cu 5.1E9 2.6E8 20 21E10  40p9 | Onlymass
3.3h -VD5 5 separation
475¢ . 475¢ .
3 therapy 4 475 Ti 6.4E10 5.0E10 4.2E10 2.1E9 20 5.9E10 1.2E10 | Evaporation
34 5
44gc : 44g¢ .
PET 44g, Ti 4.4E10 6.6E10 5.7E10 2.9E9 20 1.6E11  32E10 | Evaporation
4.0h 6.4
11 NaF-LiF- _
PET N ico o - - - 1.4E9 - - 4289 | Onlymass
20.3m VD5 15 separation
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The Scientific case i
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Dr. Forni (Clin. Carouge, Geneve)
Prof. Morel, Prof. Buehler, Prof. Y. Seimbille, Prof. Ratib (HCUGE, Geneve)
Prof. D. Hanahan (ISREC, EPFL, Lausanne)
Prof. F. Buchegger, Prof. J. Prior (CHUYV, Lausanne)
Prof M. Huyse, prof. P. van Duppen (KUL, Univ. Leuven)
Prof. S. Lahiri (SINP, Kolkata)
Prof. I. dos Santos (CT2N, Lisbon)
Prof. E. Piperkova (Nucl. Medicine, Sofia)
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http://www.hug-ge.ch/index.html
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M:zaicis Translational approach

Cited >5000 times since 2011 (previous article cited 17000 times)

Prof D. Hanahan, Swiss Inst. For Exper. Cancer Research

Leading Edge

Hallmarks of Cancer: The Next Generation

Douglas Hanahan12* and Robert A. Weinberg®”*
1The Swiss Institute for Experimental Cancer Research (ISREC), School of Life Sciences, EPFL, Lausanne CH-1015, Switzerland

“The Department of Biochemistry & Biophysics, UCSF, San Francisco, CA 94158, USA
“Whitehead Institute for Biomedical Research, Ludwig/MIT Center for Molecular Oncology, and MIT Department of Biology, Cambridge,

EGFR Cyclin-dependent
inhibitors kinase inhibitors

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

Sustaining proliferative
signaling * *
. . Sustaining Evading —
Aerobic glycolysis proliferative growth Immune activating
[T inhibitors signaling suppressors anti-CTLA4 mAb
Resisting
cell death = Deregulating Avoiding
cellular immune
energetics, destruction
Proapoptotic “95'5“"“9 E"[ab"‘"g Telomerase
: cel replicative =
BH3 mimetics dati immortality Inhibitors
Genome Tumor-
instability & lilmm':’“"g
mutation inflammation
. r PARP Inducing Activating Selective anti-
Enabling replic inhibitors angiogenesis invasion & inflammatory drugs
metastasis

immortality
Inhibitors of Inhibitors of
C E R N -20 1‘ VEGF signaling HGF/c-Met

1/27/2014
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ISOLDE fs.’”,f
Bombesin analog from N ir
- Bombina bombina PrOStatexnyr}V}fPf’gﬁp_\R XX,

+ Peptide analog that specifically binds to prostate
cancer tissues

 Batch collected at ISOLDE and exported to CHUV

* Tests on mice already showed better biodistribution
(less toxicity to healthy tissues) than same peptide +
68Ga

—> Candidate for next therapeutic trials with
149Tb/161Tb (A. Gottberg, K. Johnston, RP, GS)

1/27/2014 CERN-2014 20
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New ideas
“THAT'S &4 BAD OMEN.
MO SOONER DOEE HE INVENT THE WHEEL
THAN HE BECOMES THE FIRET EVER
ROAD TRAFFIC ACCIDENT STATISTIC™

Yearly MEDICIS collaboration meetings/lectures

has just found a generous sponsor: The (un)expected breakthrough
The first one will be organized in summer 2014

EHRL MDD

Thank you !

1/27/2014 CERN-2014 21
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