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An update
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• Biomedicine

• Innovative protocols (Surgery/brachytherapy/combination)

• Innovative isotopes for imaging and treatment

• Studies on cells, animals (« preclinical »)

possibly extended to clinical phases 

(needs upgrades, but this can be reached)

The Scope

Field of 

Application

Radiation Chemical
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Half lives

PET b+ Alkaline earth
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…
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e-
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Why CERN-MEDICIS could be done *?

Offline separation

* Without an additional proton driver
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Irradiation station commissioned with beam

HT
Cover grounded

Tests with protons:

Done successfully !

M. Vagnoni (EN-STI fellow), et al.

& RIB separated 1 week later

on GPS

ISOLDE HRS

 

Sat 14-11-15 DAY

Time Comments

06:38

06:38

26% transmission through CRIS to FC3. 25% neutralisation fraction of 221Fr. We now scan

for a resonance.

/ KML RPDG XY AK

11:15

Resonances of 221Fr found.

Optimising signal.

/ CRIS

15:16

Switching to 219Fr, which decay chain is short-lived (all < 5min) to avoid contamination

of the CRIS.MCP4i.

HRS.FC748 = -0.5 pA (there are 2 alpha decays in close succession, summing up to a

negative signal on the FC)

Optmising the CRIS parameters.

/ CRIS

17:00

Beam lost during optimisation.

Changed to 238U.

HRS.FC490 = 300 pA

HRS.FC690 = 300 pA

HRS.FC748 = 20 pA

/ CRIS

17:30

Beam recovered after changing the RFQ high voltage.

HRS.RFQ-HT-CAGE = 29964 V ==> HRS.FC748 = 20 pA

HRS.RFQ-HT-CAGE = 29961 V ==> HRS.FC748 = 100 pA

Good enough to go back to 219Fr

/ CRIS

19:00

219Fr optimisation complete.

We need to increase the temperature of the charge exchange cell to improve the neutral

fraction before we move on to the core of our experimental programme. This is a slow

process that will take us a while.

/ CRIS

21:28

NORMHRS=>ISOHRS

Prot.current: 1.87uA 3279E10ppp 

Total cycles: 13/30 

Cycles number: 5 8 10 12 13 15 19 21 22 24 26 27 30 

219Fr to CRIS.

Measuring saturation curves.

/ CRIS

22:32

NORMHRS=>ISOHRS

Prot.current: 1.94uA 2936E10ppp 

Total cycles: 19/40 

Cycles number: 4 7 8 11 12 15 17 18 22 23 24 27 28 31 32 35 36 37 40 

MEDICIS RCS : Target UC541 removed from the irradiation HRS dump position to its parking

position on RCS. 

Integrated PoT 0.8e18.

Will be removed with Kuka robots on Monday.

/TS/MV

name: 20151114223532.png 

desc:

23:47
Switching to 207Fr.

/ CRIS

NORMHRS=>ISOHRS

Prot.current: 1.84uA 3267E10ppp 

During last 2015 Isolde beam time (CRIS)
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The building extension

Temporary shielding removed

And final shielding/access under way
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The building extension

Robot hardware 

installed 

Storage shelves 

(V. Barozier & Y. 

Gavrikov)

Last shielded door

J.L. Grenard, K, Kershaw et al.
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The nuclear ventilation
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The Mass separator

LISOL dipole ready for shipment 

In Louvain La Neuve

Conceptual design – collection chamber (A. Brown)

Separator in CERN-MEDICIS

Configuration (Y. Martinez)
Figure 42: a zoomed in image of figure 41

Figure 41 shows an alternat ive to the bot tom loading transport vessel. With the

new, smaller choice of collect ion chambers there may be space to have a side loading

assemble similar to that pictured. This could cause increased leakage of radiat ion

down the port which the transport vessel is at tached to. As shown in figure 42, an

addit ional KF50 to KF50 nipple will be needed to span the extra distance of the

lead shielding. One advantage of this approach is a DC motor can be used to open

and close the gate valve on the transport vessel as it would now be shielded from

the worst of the radiat ion.

Figure 43: A 3D model of the alternat ive system

Figure 44 is a dose map during collect ion of 44Sc. As you can see the small hole

in the shielding for the access of the transport vessel is out-weighed by the addi-

t ional shielding from the transport vessel. A radiat ion shadow is caused by the lead

jacket of the transport Vessel. This means that this can be considered a creditable

alternat ive. One drawback with this system is that it relies on there being a large

gap between the middle chamber and the switchyard which may bot be possible

depending on how the ion beam diverges with distance.

47
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The scientific case

Courtesy prof. Ratib, in the context of the CERN-MEDICIS project
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Collaboration with JRC-ITU

Intracavity injection

+resection of Glioblastoma

University of Geneva > Medicine > Swiss Experimental Surgery Symposium 2016

12th SWISS EXPERIMENTAL SURGERY SYMPOSIUM

New Radio Isotopes for Diagnosis & Treatment

In Pre-clinical and Clinical Research

 

Organized by the HUG and the University of Geneva

With the participation of:

L. Buhler, Ph. Morel, B.H. Walpoth

 

Co-organized with CERN, CHUV, EPFL, ISREC

With the participation of:

D. Hanahan, J. Prior, O. Ratib, T. Stora

 

Friday, 15 January 2016

08h30 – 17h00

 

University Hospital Geneva (HUG)

Geneva, Switzerland

www.unige.ch/sess2016/

 Download flyer

 

CONTACT:

Prof. Leo BUHLER

Service de chirurgie viscerale

University Hospital of Geneva

4 rue Gabrielle-Perret-Gentil

1211 GENEVA 14

Tel: 022 37 27 698

leo.buhler@hcuge.ch

© University of Geneva | October 15, 2015 |
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1st yearly Grace-MEDICIS collaboration/public lecture

took place on 15th October 2014

The 2nd one is in preparation:

Prof. W. Weber, Memorial Sloan Kettering Cancer

Center New York

AACR’s Lifetime Achievement Award

Outreach

Prof Doug Hanahan

Director ISREC Lausanne
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Tentative planning 

(*)

* Preferable but may be hard to achieve
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MEDICIS-PROMED

« MEDICIS-Produced radioisotope

beams for medicine »

www.cern.ch/medicis-promed
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The intersectorial distributed network

CERN, HUG, CHUV, EPFL

AAA, ILL, CNAO

The intersectorial

“regional” network
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Overview of the Research Network

MEDICIS_PROMED training network
"Timely Coordination Dr. T. Stora, CERN 

Innovations" WP3 : theranostic pharmaceuticals/surgery for new ovarian cancer personalized treatment

Terbium isotope theranostic pairs AAA (FR) lead- radiopharmaceuticals - ESR6

Biological targets for ovarian cancers IST (PT)/dna targetting - ESR8

CERN MEDICIS (EU)/molecular break-up - ESR1

HUG (CH)/surgery - ESRCH3
"Timely CHUV(CH)/preclinical tests - ESRCH2 "Timely 

Innovations" WP 1 : mass separation of new medical isotopes WP 2 : Pet aided 11C hadrontherapy Innovations"

Graphene JOGU (DE) lead - laser purification - ESR5 CNAO (IT) lead - 11C hadrontherapy - ESR9

CERN-MEDICIS UNI MANCHESTER (UK)/adv material-  ESR4 KUL (BE) - mass sep 11C - ESR11 Medaustron

Ti:Sa Ion sources CERN MEDICIS (EU)/ production safety - ESR2 CERN MEDICIS (EU) - 11C acceler. - ESR3 animal models
Lemer-Pax (FR) /transport - ESR10 HUG (CH)  - imaging tests -ESRCH1

a-isot. Transp. IST (PT)/nanofibers - ESR7 EPFL (CH) - biochemical synthesis - ESRCH4

Medaustron (AT) - hadrontherapy

Medical coordination : PhD, MD J. Prior, CHUV

>7/15 young researchers have been hired : recruitment  Dec 2015
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Training : Events and models

Kick-off week – CERN (EU) 1st half feb 2016, and ICTR-PHE 2016

General training 1 – Manchester (UK)

Workshop on functional multimodal SPECT/PET imaging – Lausanne/Geneva (CH)

Specialized training 2 – Leuven (BE)

Summer school 1 at CNAO – Pavia (IT).

Summer school 2 at C2TN-IST – Lisbon (PT)

K. Novoselov, Graphene Institute – Physics Nobel Prize 2010 – Scientific 

Innovation and Advanced Materials

U. Koester, ILL- chairman of the NuPECC working group for Nuclear Physics 

for Medicine-Radioisotope production– Production of medical radioisotopes

P. Van Duppen, KUL – Adv ERC – Radioactive Ion Beams and Lasers

S. Buono, AAA – Radiopharmaceuticals marketing and Entrepreneurship

G. Coukos, CHUV – Adv. ERC – Immunotherapy and cancer treatment

P. Lecoq, CERN – Adv ERC – Detectors and Medical imaging

K. Noda-san – NIRS – PET-aided hadron therapy with carbon ions

Program cohesion : Oxford University Said Business School (ECTS, PhD)



Thank you, questions , comments ?

And many orthers
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Medical 

 

Application 

Isotope 

half-

life 

Parent 

isotope 

beam 

Target 

- 
Ion source 

ISOLDE† 

RIB 

εext** 

 (%) 

CERN-MEDICIS† CERN-MEDICIS 2GeV 6A 

Comments 

In-target 
In-target 

ActivityEOB  

(Bq) 

Extracted 

Activity 

EOB (Bq) 

Possible 

gain  

εext (%) 

 

In-target 

Activity EOB/ 

Extracted Activity 

EOB (Bq) 

Production 

rate (pps) 
ActivityEOB  

(Bq) 

α,β- therapy/ 

SPECT/dosimetry 

213Bi 

45.6m 
225Ac UCX-Re 1.5E9* 7.2E8 

221Fr 

10 
2.8E8 2.8E7 50 8.4E8 4.2E8 

Only mass 

separation 

α,β therapy 
212Bi 

60.6m 
224Ac UCX-Re 1.5E9* 1.4E9 

220Fr  

10 
1.7E9 1.7E8 50 5.1E9 2.5E9 

Only mass 

separation 

β therapy 
177Lu 

6.7d 

177Lu 

RILIS/VD 

Ta-Re/ 

Re-VD5 
3.3E9 7.4E8 

177Lu 

1 
6.4E8 6.4E6 20 8.3E8 1.7E8 

Chemical 

purification  

Auger therapy 
166Yb 

56.7h 
166Yb Ta-Re 1.4E10 5.4E10 

166Yb 

5 
4.1E10 2.1E9 20 5.4E10 1.1E10 

Chemical 

purification 

β therapy 
166Ho 

25.8h 
166Ho Ta-Re 1.4E7 1.2E7 

166Ho 

5 
9.6E6 4.8E5 20 2.9E7 6.0E6 

Chemical 

purification 

β-/Auger therapy 
161Tb 

6.9d 
161Tb UCX-Re 2.1E7 2.7E7 

161Tb 

5 
1.9E7 9.5E5 20 2.7E7 5.4E6 

Chemical 

purification 

β- therapy 
156Tb 

5.35d 
156Tb Ta-Re 2.5E8 8.9E7 

156Tb 

1 
5.5E7 5.5E5 20 6.3E7 1.3E7 

Chemical 

purification 

SPECT 
155Tb 

5.33d 

155Dy/ 

Tb 
Ta-Re 

3.2E9/ 

7.4E8 
7.9E9 

155Dy 

1 
5.3E9 5.3E7 20 3.4E9 6.8E8 RILIS Dy 

β therapy 
153Sm 

46.8h 
153Sm UCX-Re 1.5E8 2.2E9 

153Sm 

5 
2.8E9 1.4E8 20 5.2E9 1.0E9 

Chemical 

purification 

PET/CT 
152Tb 

17.5h 

152Dy/ 

Tb 
Ta-Re 

1.3E10/ 

3.3E9 
5.6E10 

152Dy 

1 
3.7E10 3.7E8 20 1.1E11 2.2E10 RILIS Dy 

α therapy 
149Tb 

4.1h 
149Tb Ta-Re 1.1E10 6.0E10 

149Tb 

1 
3.8E10 3.8E8 20 1.2E11 2.4E10 

Chemical 

purification 

140Pr-PET/ 

Auger therapy 

140Nd 

3.4d 
140Nd Ta-Re 1.8E9 2.0E10 

140Nd 

5 
1.2E10 6.0E8 20 2.0E10 4.0E9 

Chemical 

purification 

β- therapy 
89Sr 

50.5d 
89Sr UCX-Re 1.2E10 2.3E9 

89Sr 

5 
2.0E9 1.0E8 20 2.7E9 5.4E8 

Only mass 

searation 

PET 
82Sr 

25.5d 
82Sr UCX-Re 3.6E10 4.6E9 

82Sr 

5 
1.7E9 8.5E7 20 2.0E9 4.0E8 

Only mass 

separation 

β- therapy 
77As 

38.8h 
77As 

UCX-

VD5 
5.7E9 1.1E10 

77As 

5 
5.8E9 2.9E8 20 9.4E9 1.4E9 

Chemical 

purification 

PET 
74As 

17.8d 
74As 

Y2O3 

-VD5 
6.5E9 1.2E9 

74As 

5 
3.8E8 1.9E7 20 4.5E8 9.0E7 

Chemical 

purif 

PET 
72As 

26.0d 
72As 

Y2O3 

-VD5 
1.6E10 2.8E10 

72As 

5 
9.1E9 4.6E8 20 1.5E10 3.0E9 

Chemical 

purification 

PET 
71As 

65.3h 
71As 

Y2O3 

-VD5 
1.8E10 1.8E10 

71As 

5 
5.9E9 3.0E8 20 8.0E9 1.6E9 

Chemical 

purification 

β therapy 
67Cu 

61.9h 
67Cu UCX-Re 2.7E9 3.4E9 

67Cu 

7 
1.5E9 1.1E8 20 2.7E9 5.4E8 

Chemical 

purification 

PET 
64Cu 

12.7h 
64Cu 

Y2O3 

-VD5 
1.1E10 2.3E10 

64Cu 

5 
7.1E9 3.6E8 20 2.1E10 3.6E9 

Chemical 

purification 

PET, dosimetry 
61Cu 

3.3h 
61Cu 

Y2O3 

-VD5 
7.7E9 1.7E10 

61Cu 

5 
5.1E9 2.6E8 20 2.1E10 4.0E9 

Only mass 

separation 

β therapy 
47Sc 

3.4d 
47Sc Ti 6.4E10 5.0E10 

47Sc 

5 
4.2E10 2.1E9 20 5.9E10 1.2E10 Evaporation 

PET 
44Sc 

4.0h 
44Sc Ti 4.4E10 6.6E10 

44Sc 

6.4 
5.7E10 2.9E9 20 1.6E11 3.2E10 Evaporation 

PET 
11C 

20.3m 
11CO 

NaF-LiF-

VD5◊ 
- - 

- 

15 
- 1.4E9 - - 4.2E9 

Only mass 

separation 

 

Some yield estimates
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Medical 

 

Application 

Isotope 

half-

life 

Parent 

isotope 

beam 

Target 

- 
Ion source 

ISOLDE† 

RIB 

εext** 

 (%) 

CERN-MEDICIS† CERN-MEDICIS 2GeV 6A 

Comments 

In-target 
In-target 

ActivityEOB  

(Bq) 

Extracted 

Activity 

EOB (Bq) 

Possible 

gain  

εext (%) 

 

In-target 

Activity EOB/ 

Extracted Activity 

EOB (Bq) 

Production 

rate (pps) 
ActivityEOB  

(Bq) 

α,β- therapy/ 

SPECT/dosimetry 

213Bi 

45.6m 
225Ac UCX-Re 1.5E9* 7.2E8 

221Fr 

10 
2.8E8 2.8E7 50 8.4E8 4.2E8 

Only mass 

separation 

α,β therapy 
212Bi 

60.6m 
224Ac UCX-Re 1.5E9* 1.4E9 

220Fr  

10 
1.7E9 1.7E8 50 5.1E9 2.5E9 

Only mass 

separation 

β therapy 
177Lu 

6.7d 

177Lu 

RILIS/VD 

Ta-Re/ 

Re-VD5 
3.3E9 7.4E8 

177Lu 

1 
6.4E8 6.4E6 20 8.3E8 1.7E8 

Chemical 

purification  

Auger therapy 
166Yb 

56.7h 
166Yb Ta-Re 1.4E10 5.4E10 

166Yb 

5 
4.1E10 2.1E9 20 5.4E10 1.1E10 

Chemical 

purification 

β therapy 
166Ho 

25.8h 
166Ho Ta-Re 1.4E7 1.2E7 

166Ho 

5 
9.6E6 4.8E5 20 2.9E7 6.0E6 

Chemical 

purification 

β-/Auger therapy 
161Tb 

6.9d 
161Tb UCX-Re 2.1E7 2.7E7 

161Tb 

5 
1.9E7 9.5E5 20 2.7E7 5.4E6 

Chemical 

purification 

β- therapy 
156Tb 

5.35d 
156Tb Ta-Re 2.5E8 8.9E7 

156Tb 

1 
5.5E7 5.5E5 20 6.3E7 1.3E7 

Chemical 

purification 

SPECT 
155Tb 

5.33d 

155Dy/ 

Tb 
Ta-Re 

3.2E9/ 

7.4E8 
7.9E9 

155Dy 

1 
5.3E9 5.3E7 20 3.4E9 6.8E8 RILIS Dy 

β therapy 
153Sm 

46.8h 
153Sm UCX-Re 1.5E8 2.2E9 

153Sm 

5 
2.8E9 1.4E8 20 5.2E9 1.0E9 

Chemical 

purification 

PET/CT 
152Tb 

17.5h 

152Dy/ 

Tb 
Ta-Re 

1.3E10/ 

3.3E9 
5.6E10 

152Dy 

1 
3.7E10 3.7E8 20 1.1E11 2.2E10 RILIS Dy 

α therapy 
149Tb 

4.1h 
149Tb Ta-Re 1.1E10 6.0E10 

149Tb 

1 
3.8E10 3.8E8 20 1.2E11 2.4E10 

Chemical 

purification 

140Pr-PET/ 

Auger therapy 

140Nd 

3.4d 
140Nd Ta-Re 1.8E9 2.0E10 

140Nd 

5 
1.2E10 6.0E8 20 2.0E10 4.0E9 

Chemical 

purification 

β- therapy 
89Sr 

50.5d 
89Sr UCX-Re 1.2E10 2.3E9 

89Sr 

5 
2.0E9 1.0E8 20 2.7E9 5.4E8 

Only mass 

searation 

PET 
82Sr 

25.5d 
82Sr UCX-Re 3.6E10 4.6E9 

82Sr 

5 
1.7E9 8.5E7 20 2.0E9 4.0E8 

Only mass 

separation 

β- therapy 
77As 

38.8h 
77As 

UCX-

VD5 
5.7E9 1.1E10 

77As 

5 
5.8E9 2.9E8 20 9.4E9 1.4E9 

Chemical 

purification 

PET 
74As 

17.8d 
74As 

Y2O3 

-VD5 
6.5E9 1.2E9 

74As 

5 
3.8E8 1.9E7 20 4.5E8 9.0E7 

Chemical 

purif 

PET 
72As 

26.0d 
72As 

Y2O3 

-VD5 
1.6E10 2.8E10 

72As 

5 
9.1E9 4.6E8 20 1.5E10 3.0E9 

Chemical 

purification 

PET 
71As 

65.3h 
71As 

Y2O3 

-VD5 
1.8E10 1.8E10 

71As 

5 
5.9E9 3.0E8 20 8.0E9 1.6E9 

Chemical 

purification 

β therapy 
67Cu 

61.9h 
67Cu UCX-Re 2.7E9 3.4E9 

67Cu 

7 
1.5E9 1.1E8 20 2.7E9 5.4E8 

Chemical 

purification 

PET 
64Cu 

12.7h 
64Cu 

Y2O3 

-VD5 
1.1E10 2.3E10 

64Cu 

5 
7.1E9 3.6E8 20 2.1E10 3.6E9 

Chemical 

purification 

PET, dosimetry 
61Cu 

3.3h 
61Cu 

Y2O3 

-VD5 
7.7E9 1.7E10 

61Cu 

5 
5.1E9 2.6E8 20 2.1E10 4.0E9 

Only mass 

separation 

β therapy 
47Sc 

3.4d 
47Sc Ti 6.4E10 5.0E10 

47Sc 

5 
4.2E10 2.1E9 20 5.9E10 1.2E10 Evaporation 

PET 
44Sc 

4.0h 
44Sc Ti 4.4E10 6.6E10 

44Sc 

6.4 
5.7E10 2.9E9 20 1.6E11 3.2E10 Evaporation 

PET 
11C 

20.3m 
11CO 

NaF-LiF-

VD5◊ 
- - 

- 

15 
- 1.4E9 - - 4.2E9 

Only mass 

separation 

 


