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World map of hadrontherapy centers

From NuPECC

2013
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Possible acceleration schemes : efficiencies matter

• T.M. Mendonca et al., CERN-ACC-2014-0028

S. Hojo, et al. NIMB 240, 75 (2005).

• R. Augusto et al NIMB, 376, 374 (2016)

“A la Isolde”

Directly in the ECRIS

11CO2
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Pioneering input from well known physicists
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11C Beams for combined PET/Hadron therapy

Comparison of

in-beam PET with fragment 12C (11C, 15O)

and direct 11C use
Annihilat ion Events at Rest

Event M apping

Posit ron Emission:

A
Z X !

A
Z − 1 Y + e

+
+ ⌫e

Annihilat ion Events:

Annihilat ion Events are a

powerful indicator of the

imaging potent ial, as the re-

sult ing γ can be detected and

coincidence–reconstructed by

PET-CT scans.
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Annihilat ion Events at Rest Mapped for 15–cm SOBP of 1 Gy

An increase of up to one order of magnitude is verified with radioact ive ion beams. 23

RAD I OACTI V E I ON BEAM STUD I ES USI N G FLUKA FOR H AD RON TH ERAPY

APPLI CATI ON S

R.S. Augusto1,2?, T. Tessonnier1,3, P.G. Ortega2,4, K. Parodi1, A. Ferrari2

1 LM U – Ludwig-M aximilians-Universität M ünchen, Munich, Germany
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Spread Out Bragg Peak Creation

Using (approximated) beam line elements[1]from Heidelberg Ion-Therapy Center (HIT), Spread-Out Bragg

Peaks (SOBP) were simulated[2]in water using the FLUKA code[3,4].

A proper validation against HITs TPS data for stable ion beams (12C and 16O) ensued, followed by extrapola-

tions to obtain equivalent SOBPs, but with radioactive ion beams (11C and 15O) instead.
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Figure 1: Left: 3 cm long, 1 Gy SOBP centered at 10 cm range in water for 11C, 12C, 15O, 16O.

Right: Annihilation Events at Rest (Integrated over time) for the different beams, with the SOBP superimposed

Dose M aps

The dosimetric performance of the SOBPs generated was seen to be comparable between the stable and

radioactive ion beams (RI B) studied.

FLUKA models driving the nuclear fragmentation production were subject to further improvement, as their

consistency is paramount to reproduce accurately the physical phenomena at, and beyond, the Bragg Peak.
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Figure 2: Two dimensional dose maps for 1 Gy SOBPs at 10 cm range in water

Annihilation Event M aps

The rationale for using radioactive ion beams in hadrontherapy is chiefly their higher imaging potential,

quantified below asannihilation eventsat rest. Those events, resulting from β+ -emitter isotopes’ decay, produce

γ signals which can be detected/reconstructed by PET scanners.

For the radioactive beamsstudied, not only a tenfold increase in the event density isobserved, but they peak

exactly at the end of the SOBP, allowing for a more precise account of dose delivery in range.
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Figure 3: Annihilation Event mapping (integrated over time) for 1 Gy SOBPs in water

Acknowledgments— R.S. Augusto acknowledges the KT–Funding financial support.

FLUKA PET tools

PET tools[5,6]included in FLUKA allow for the reconstruction of simulated results, using various PET mod-

els, as well as embedded reconstruction tools[7](e.g. M LEM ). Thus, comparisons with real patient treatment can

be attempted, provided the simulation parameters are consistent with the clinical scenario.
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Figure 4: Left: flair[8] Geoviewer –Head V OXEL, PET (ECAT HR+ Si emens), Ripple Filter and (HIT-approximated) beamline elements.

Center: M apped annihilation events at rest (15O - SOBP of 1 Gy), scored in the V OXEL with USRBI N built-in FLUKA estimators.

Right: M LEM reconstruction of PET’s true coincidences, obtained with FLUKA’s embedded PET tools, superimposed to the CT geometry.

Imaging Potential Evolution over time

In order to accurately account for the signal enhancement from RI Bs, one must correctly account for:

1— Parent Isotope

With β+ -emitter radioactive ion beams, the sig-

nal will be boosted not only by the fragmenta-

tion component but also by the beam itself.

Using FLUKA, one can estimate the contribu-

tion of different parent isotopesto the signal, at

any given time during irradiation (e.g. In-beam

PET) or afterwards (e.g. In-room PET).
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Figure 5: Event rates calculated at 3 minutes end of beam (EOB)

2— Beam Time Structure

Before reconstructing the overall γ signal, it

is essential to account for the decay occurring

during beam time:

EOB

On

Ti me

B
e
a
m

Once the irradiation profile is known, one can

correctly estimate the density of β+ -emitters,

which can change drastically due to short-lived

isotopes’ presence.
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Figure 6: Result without, and with a realistic time structure, at EOB

3— PET Acquisition Time

Not only the signal reconstruction is sensitive

to specific PET parameters (e.g. dead time),

also the clinical acquisition time has to be

reproduced.

ACQUISITION

Results are selected out of a time-integrated

sample (gray), according to the chosen acquisi-

tion time (yellow).

C-12 C-11

Figure 7: M LEM reconstruction comparison (true coincidences),

considering realistic irradiations of 1 Gy SOBP. The PET acquisition

time was 5 to 30 minutes EOB

Conclusions & Outlook

FLUKA resultsconfirmed the general higher potential of radioactive beamsin PET imaging, for range verifi-

cation in particular, without absorbed dose drawbacks.

Regarding the PET imaging quality, 11C and 15O were found to be adequate for in-beam PET monitoring,

and provided an increased signal during acquisition times, comparing to their stable counterparts.

Future work will consist of a benchmarking with a real patient scenario, using 12C beams. Afterwards, we

envisage having an equivalent scenario simulated with 11C, and the overall performance evaluated.
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PET scan imaging

11C Principle of PET scan imaging
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PET-CT scan imaging
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PET scan imaging
Fluorodésoxyglucose (18F)

PET scan in nuclear medicine : using molecular probes
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Radioisotopes & Nuclear Medicine

Classification of isotopes for Medicine:

1. Established isotopes > Industrial suppliers
99mTc, 18F, 123,125,131I, 111In, 90Y

2. Emerging isotopes  > Small innovative suppliers
68Ga, 82Rb, 89Zr, 177Lu, 188Re

3. R&D isotopes > Research labs
44,47Sc, 64,67Cu, 134Ce, 140Nd, 149, 152, 155, 161Tb, 166Ho, 
195mPt, 211At, 212, 213Bi, 223Ra, 225Ac,…
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New concept of THERAnostics pairs

Diagnostics THERAPY

MEDICIS - PROMED project

Peptide Receptor Radionuclide Therapy (PRRT)

• Phase II results in progressive midgut carcinoid 
showed Progression-Free Survival of more than 
44 months compared to the reported 14.6 
months of Novartis' Sandostatin® LAR  

• Lutathera® was shown to increase overall 
survival by between 3.5 and 6 years in 
comparison to current treatments, including 
chemotherapy.  

• It was also shown to significantly improve 
quality of life 

Lutathera®
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Courtesy prof O. Ratib

Xofigo® has been approved by the FDA (Food Drug Administration) and in Europe for 

castration resistant prostate cancer with metastasis  

New radiopharmaceuticals for therapy

1921 2015 2017
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While flying in 2015

to a workshop in Manchester

MEDICIS - PROMED project

1921 2015

Courtesy Prof. Ratib, ITMI Geneva

XOFIGO®   Page 21 sur 33 

Figure 1 – Courbes de survie globale de Kaplan-Meier (analyse actualisée) 

 

Analyse de la survie des sous-groupes  

L’analyse de la survie dans les sous-groupes a révélé que le traitement par XOFIGO prolongeait 

systématiquement la survie, indépendamment du taux de phosphatases alcalines (PA) totales et 

que les patients prennent un bisphosphonate ou non, ou aient déjà reçu le docétaxel ou non (les 

trois variables binaires utilisées pour la stratification). 

Il y a eu une amélioration pour ce qui est du critère d’évaluation secondaire, soit la réponse 

confirmée des PA totales, dans le groupe traité par XOFIGO par rapport au groupe placebo. 

Après douze semaines, à partir d’une analyse qui permettait de tenir compte, au moyen de la 

méthode du report de la dernière observation (RDO), des sujets pour lesquels on n’avait pas 

toutes les données sur le taux de PA, il y avait une réponse confirmée des PA totales (définie 

comme une réduction d’au moins 30 % des taux sanguins par rapport à la valeur de départ 

confirmée par un deuxième dosage des PA totales après quatre semaines ou plus) chez 

176 patients sur 541 (32,5 %) dans le groupe traité par XOFIGO et quatre patients sur 

268 (1,5 %) dans le groupe placebo. 

Tout comme les résultats relatifs à la survie, ceux relatifs au délai de survenue du premier EOS 

(soit radiothérapie externe pour le soulagement de la douleur, fracture pathologique, compression 

de la moelle épinière ou chirurgie orthopédique tumorale) ont aussi été en faveur de XOFIGO. 

La radiothérapie externe de métastases osseuses représentait la majorité des cas d’EOS. Selon 

une analyse ultérieure du délai de survenue du premier EOS (pour laquelle les décès étaient 

ALSYMPCA Phase III clinical trial

http://omr.bayer.ca/omr/online/xofig

o-pm-fr.pdf

Advantages: it will target the dispersed tumours
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Jonathan Strosberg et al. J Nucl Med 

2016;57:629

NETTER 1 Phase III Clinical trial for Luthatera® 

Carcinoid Tumor of the Small 

Bowel

Neuroendocrine Tumour

Octreotide LAR 60 mg

Median PFS: 8.4 months

177Lu-Dotatate

Median PFS: Not reachedMEDICIS - PROMED project

Peptide Receptor Radionuclide Therapy (PRRT)

• Phase II results in progressive midgut carcinoid 
showed Progression-Free Survival of more than 
44 months compared to the reported 14.6 
months of Novartis' Sandostatin® LAR  

• Lutathera® was shown to increase overall 
survival by between 3.5 and 6 years in 
comparison to current treatments, including 
chemotherapy.  

• It was also shown to significantly improve 
quality of life 

Lutathera®

Drug development cycle
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30

Prospects of targeted alpha therapies ?

Takeover of Algeta for 2.3 billion US$

Radionuclides for RIT and PRRT

Radio-

nuclide

Half-

life

E mean 

(keV)

Eγ (B.R.)

(keV)

Range

Y-90 64 h 934  β - 12 mm

I-131 8 days 182  β 364 (82%) 3 mm

Lu-177 7 days 134 β 208 (10%) 

113 (6%)
2 mm

Tb-161 7 days 154 β

5, 17, 40 e-

75 (10%) 2 mm

1-30 μm

Tb-149 4.1 h 3967 α 165,.. 25 μm

Ge-71 11 days 8 e- - 1.7 μm

Er-165 10.3 h 5.3 e- - 0.6 μm

localized

cross-fire

Modern, better targeted bioconjugates require shorter-range 

radiation need for adequate (R&D) radioisotope supply.

Estab-

lished 

isotopes

Emerging 

isotopes

R&D 

isotopes:

supply-

limited!

What do we need to know for « useful isotopes ? »
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We also need to know the Relative Biological Effectiveness
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Nuclear Physics : ISOLDE and MEDICIS

14 years ago – now : 

Innovative radioisotopes

33

Matched pairs for theranostics

Terbium: a unique element for nuclear medicine
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CERN-MEDICIS : A new facility
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Today:
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MEDICIS
Laboratory

MEDICIS
Target
Irradiation

Rail
Conveyor
System

Full cycle of isotope production

1000+ isotopes
of 70+
chemical elements

CERN protons



T. Stora EN-STI - CERN-MEDICIS – Oslo Jan 2017 19
19

Medical 

 

Application 

Isotope 

half-

life 

Parent 

isotope 

beam 

Target 

- 
Ion source 

ISOLDE† 

RIB 

εext** 

 (%) 

CERN-MEDICIS† CERN-MEDICIS 2GeV 6A 

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 

 

Non exhaustive isotope availability estimates
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Medical 

 

Application 

Isotope 

half-

life 

Parent 

isotope 

beam 

Target 

- 
Ion source 

ISOLDE† 

RIB 

εext** 

 (%) 

CERN-MEDICIS† CERN-MEDICIS 2GeV 6A 

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 
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• Dr. Forni (Clin. Carouge, Geneve)

• Prof. Morel, Prof. Buehler, Prof. Ratib, Prof Walter (HCUGE, Geneve)

• Prof. R. Jolivet (CERN/UNIGE, Geneve )

• Prof. D. Hanahan (ISREC), Prof A. Pautz (EPFL, Lausanne)

• Prof. J. Prior (CHUV, Lausanne)

• Prof M. Huyse, prof. P. van Duppen, prof. T. Cocolios (KUL, Univ. Leuven)

• Prof. S. Lahiri (SINP, Kolkata)

• Prof. A. Goncalves, Prof. A. Raucho (C2TN, IST, Lisbon)

• Prof. F. Haddad  (ARRONAX, Nantes)

• F. Bruchertseifer, A. Morgenstern (JRC-ITU, Karlsruhe)

• P. Regan, P. Ivanov, A. Robinson (National Physical Laboratory, Surrey)

• N. Vd Meulen, C. Mueller, Prof. R. Schibli (Paul Scherrer Institut, Villingen)

• Dr. U. Koester (ILL, Grenoble)

• Prof. K. Wendt (JGUniversity, Mainz)

• Dr. Owen, EANM

CERN-MEDICIS partners : 1st Board in February

Courtesy Prof. O. Ratib
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A marie-curie training network

CERN, HUG, CHUV, EPFL

AAA, ILL, CNAO

www.cern.ch/medicis-promed

This project has received funding
from the European Union's Horizon
2020 research and innovation
programme under grant agreement
No. 642889
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A first example

Added functionality :

Molecular engineering (inorganic chemistry)

Folate bioconjugate with fluorescence and radioligand chelator

Prof Goun, EPFL
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Link to experimental (neuro)-surgery
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The complete cycle of MEDICIS

CERN-Medicis Facility
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And now let’s have a virtual tour !!

New isotopes can be delivered to

Partner biomedical institutes

where they synthesize new drugs

and test them for precision imaging or treatment

1st isotopes produced in ISOLDE HRS 

beam dump  and separated in the lab

during commissioning Dec 2017

Analyzing magnet

149/152/155/161Terbium ions

collected in metal foils

T. Stora EN-STI - CERN-MEDICIS – INPC 2016 39

The Target : Tumor Endotelial Marker-1 (TEM1)

Morab 0004 (Clinical phase 2)

scFv78-Fc (78Fc)

full IgG anti-TEM1

Tumor Vessels

Tumor cells

Host microenvironment (fibroblasts, pericytes) 

Overexpressed by:

Large Collaboration

with regional and

European Institutes

Take-home message
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1 RINGVALL-
MOBERG

Annie SWE CERN EU Academic 01.06.2016 29.03.2019 7 University of 

Gothenburg
June 2016

2 VUONG Nhât-Tân CH CERN EU Academic 01.01.2016 01.01.2019 12 EPFL 
May 2016

3 PITTERS Johanna AT CERN EU Academic 01.10.2015 01.10.2018 15 TU Vienna
October 2016

4 NAZAROVA Marina RU UNIMAN UK Academic 12.11.2015 12.11.2018 13.5 UNIMAN
November 2015

5 GADELSHIN Vadim RU JGU Mainz DE Academic 15.01.2016 15.01.2019 11.5 JGU Mainz

August 2016

6 FORMENTO Roberto IT AAA FR Non-
academic

08.02.2016 08.02.2019 11 Uni. Nantes
May 2016

7 CHOWDHURY Sanjib IN C2TN PT Academic 01.01.2016 01.01.2019 12 IST 
January 2016

8 D'ONOFRIO Alice FR C2TN PT Academic 02.11.2015 02.11.2018 14 IST

February 2016

9 CHOI KyungDon KR CNAO IT Academic 12.11.2015 12.11.2018 13.5 Uni. Pavia

October 2016

10 MAIETTA Maddalena IT LEMER 
PAX

FR Non-
academic

20.10.2015 20.10.2018 14.5 Uni. Nantes

January 2016

11 STEGEMANN Simon DE KULeuven BE Academic 01.06.2016 29.03.2019 7 KULeuven

June 2016

12* LITVINENKO Alexandra RU UNIGE/HU
G

CH Academic 01.12.2016 29.03.2019* 1 UNIGE

2017

13* CICONE Francesco IT CHUV CH Academic 15.10.2015 15.10.2018* 14.5 UNIL
November 2015

14* PRIONISTI Ioanna GR UNIGE/HU
G

CH Academic 01.01.2017 29.03.2019* 0 UNIGE
2017

15* FAM Thhe Kyong UA EPFL CH Academic 01.08.2015 01.08.2018* 17 EPFL
August 2015



T. Stora EN-STI - CERN-MEDICIS – Oslo Jan 2017 29

The Target : Tumor Endotelial Marker-1 (TEM1)

Morab 0004 (Clinical phase 2)

scFv78-Fc (78Fc)

full IgG anti-TEM1

Tumor Vessels

Tumor cells

Host microenvironment (fibroblasts, pericytes) 

Overexpressed by:

Cicone F et al. 
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79 µL AB 6.9 mg/mL  

 547 µg in 107 µL 

(5 mg/mL)

1 h  42 °C

111In-CHX-A’’-DTPA-FcTEM1

and

152Tb-CHX-A’’-DTPA-FcTEM1

Labelling of 78Fc anti-TEM1 with radiometals

In Vitro Testing /

Immunoreactivity

Cicone F et al. 
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First PET imaging of  152Tb-CHX-A’’-DTPA-ScFv78Fc

Ewing Sarcoma cell line A673

24 hours p.i. 60 hours p.i.

Cicone F et al. IRIST Conference, Lausanne 2016
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Intracavity injection

+resection of Glioblastoma
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Neurokinin subtype I receptor (NK1R)  is overexpressed in glioma cells and tumor vessels.

11mer Substance P (SP ) is member of the tachykin peptide neurotransmitters family

SP:Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met

213Bi-DOTAGA-Arg1-SP

213Bi-DOTA-[Thi8,Met(O2)11]-SP

Neoadjuvant and adjuvant intracavity treatment before resection.

Comparaison with external radiotherapy

Therapeutic nuclear medicine (medical radiology series, R. P. Baum Ed, Springer, 2014)
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Prof D. Hanahan, Swiss Inst. For Exper. Cancer Research

Lauréat du prix 2014 « Contribution pour l’impact global tout au

Long d’une carrière » assoc. Americaine Rech. Cancer

Translational approach


