Preclinical studies with non-standard

and carrier-free radioisotopes from
ISOLDE-CERN

Gerd-J. BEYER
Isotope Technologies Dresden (ITD), Germany
formerly CERN and Hoépital Universitaire de Geneve, Switzerland

Ulli Koster
Institut Laue Langevin, Grenoble, France

Helge Ravn
formerly CERN

PHYSICS FOR HEALTH IN EUROPE WORKSHOP
2-4 February 2010



High-energy proton induced reactions

VA

High-energy proton induced reactions can produce most
of the isotopes of the chart of nuclides.





Medical Isotope production today is done exclusively with reactors and cyclotrons.
In contrast High-energy proton reactions produce a multitude of radioisotopes simultaneously
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Combined with on-line mass separation technique we obtain directly a mass spectrum of carrier-free nuklides simultanously.

The isotope separation on-line method combines thick targets for high production rates with mass separation for carrier-free products.



Isotopes on-line separated at ISOLDE
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Today this ISOLDE technique is able to provide nearly any isotope of interest.  



Content:

- Bio-Medical research performed at ISOLDE
illustrating potential and possibilities

 lIdentify questions that require access
to non-standard research isotopes

* Future possibilities at CERN

Main Focus: Endoradionuclide Therapy


In this short presentation we wish 
1.  To give an overview of the medical oriented research activities performed at and with ISOLDE to visualize the potential of the ISOLDE facility for supporting this kind of bio-medical research
2. Secondly we wish to identify scientific questions of practical relevance for medical and clinical application
3. And finally suggest, what CERN could do to support this R&D field.


Direct comparison
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Lanthanides show much
faster blood clearance
compared to Ga

G.J.Beyer, W.G.Franke, K.Hennig et al.
Intern.J.Appl.Rad.lsot. 29, 673 (1978)



Shortly after introduction of 67-Ga for tumor scanning by Heyes in 1967 Ando and his group in Japan demonstrated that lanthanides show similar tumor uptake behaviour. 
In this study we compared the bio-kinetik behaviour of 67-Ga with that of 167-Tm simultanously. As one can clearly see, the blood clearance is dramatically faster for the lanthanide reaching within few hours tumor to soft tissue ratios which are an order of magnitude higher compared to Ga. In practice this means Imaging could be done shortly after injection. 
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The high tumor uptake is demonstrated in this whole body autoradiography of a tumor bearing mouse, wile the blood is cleared and liver uptake is aceptable low. 


_ Planar scintigraphy of the
167Tm-citrate head of a lymphoma
patient
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The first human image done with an ISOLDE produced isotope is shown here: the isotope was the 9 day half-life 167-Tm with its strong 208 keV single photon emission.
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In a series of studies we injected a cocktail of different radio-lanthanides and Actinium-225 combined with different chelating ligands (here Citrate and EDTMP). There is a strong linear relationship between the radius of the metal-ion and the liver uptake. The larger the ionic radius the stronger is the trend for forming hydroxides by hydrolysis in vivo and consequently an increased liver uptake. These studies are the first ones where biokinetic behaviour of Ac-225 has been studied in-vivo. We also learn from this experiment, that EDTMP reduced the liver uptake by a factor of 50!
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In this systematic studies we demonstrated that the concentration of the chelating ligand has a dramatic influence on the biokinetic behaviour of the radio-elements. From this data-matrix we can extract even data from elements that have not been involved in the study (here shown for Ho). Higher concentration of the ligand (EDTMP) has no or only little influence on the Tumor and bone uptake, while the influence is dramatic related to the liver uptake and urinalry excretion. 
In an therapeutic experiment in US once the kidney dose (due to the excretion of the nuclide) has been ignored or missinterpreted, causing destructzion of the kidney funktion. The Ho166 EDTMP-therapy project has been stopped due to this error.
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A similar study was done with chelated antibodies. Ac-225 was included as well. We see unfortunately that the invivo stability of 225-Ac is insufficient causing an accumulation in the liver, wile the lanthanides and In labelled antibodies show similar behaviour.
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The studies with ISOLDE preparations have been extended than to other  bio-conjugates : here with the chelated Octreotide. In this data matrix we compare the behavior of 111-In – which is still accepted as a kind of standard in peptide imaging protocols with a number of radio-lanthanides. 
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In this final graph we compare all the collected biokinetic data for free chelates (Citrate and EDTMP) and bio-specific bioconjugates (chelated peptide and antibodies). As the measure we used the Tumor to liver uptake ratio. Highest uptake ratio is obtained with chelated peptides. Antibodies are by a factor 10 lower. Interesting to note, that EDTMP showed better or at least the same uptake ratios for lanthanides higher than Eu-Gd.  


Questions to be answered:

1. Relationship between particle-energy and

therapeutic response, depending on tumor size

Variation of radionuclides with different particle-energy:
- need for metallic B--emitters with very different energy
- need for alpha emitting nuclides

2. Relationship between radiation dose delivered

to a lesion and the therapeutic response

Individual in-vivo dosimetry by quantitative PET imaging:
- need for B+-emitting metallic radionuclides


As we heard already to day in this interesting session there is a great progress in the new techniques RIT and also high expectations, however some questions are still waiting for an answer:
First: the relationship between beta-energy or let us say better particle energy and the therapeutic response
And secondly the relationship between the actual radiation dose delivered to a lesion and the corresponding therapeutic response. 

The simultanous access to a multitude of iradionuclide will help to obtain answers to these questions.  
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The effect of beta emitting nuclides with different energy should be demonstrated in this slide. For a constant activity that is injected, higher radiation doses is adsorbed in a certain small region for low energetic beta emitter. High energetic beta emitters have a longer range: that is needed to create the so called „cross fire effect“. On the other hand it creates dosimetric problems in the healthy tissue (bone marrow for example). Thus, it is clear that optimization is requested: dedicated beta isotope for dedicated patient situation. Even cocktails of different isotopes are in discussion.


Selected radionuclides of the Rare Earth Elements
with therapeutic potential

NUCLIDE

Radiation

production
route

149-Tb

1

see Tab.1

47-Sc
90-Y
137m-Ce
141-Ce

142-Pr
143-Pr
147-Nd

149-Pm
153-Sm
159-Gd
161-Tb
166-Ho
169-Er
175-Yb
177-Lu

1200
3 400 000
5700
2900

2 000 000
33 000
16 000

61 000
57 000
23 000
26 000
2200 000
360
700
1200

47-Ca --B--> 47-Sc  generator
90-Sr --B ---> 90-Y generator
136-Ce (n,y) 137m-Ce reactor
235-U (n,f) fis.prod. reactor
141-Pr (p,n) 141-Ce cyclotron
142-Pr(n,y)143-Ce --B--> 143-Pr reactor
142-Ce(n,y)143-Ce --B-->143-Pr reactor
235-U (n,f) fis.prod. reactor
146-Nd (n,y) 147-Nd  reactor
148-Nd(n,y)149-Nd--B-->149-Pm reactor
152-Sm (n,y) 153-Sm reactor
158-Gd (n,y) 159-Gd reactor
160-Gd(n,y)161-Gd--B-->161-Tb reactor
164-Dy(2n,y)166-Dy--B-->166-Ho reactor
168-Er (n,y) 169-Er reactor
174-Yb (n,y) 175-Yb reactor
176-Yb(n,y)177-Yb--B-->177-Lu reactor

See presentation by M. Miederer for alpha-emitting *°Tb.



Just to mention: the group of rare earth elements contain a quite interesting number of nuclides with theraapeutic potential and with a large variety of decay properties. 


B* emitters
for
in vivo dosimetry


In the following it should be illustrated, that metallic positron emitter are of high practical relevance for the future RIT.
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A comparative study 111In Octreoscan/SPECT versus PET was performed under F.Rösch, Uni Mainz, Germany.  The slide illustrates, that control images supporting the 90Y-peptide therapy, should be done with 86Y DOTA TOC/PET instead of the “standard 111-In protocol”. The 86Y-DOTATOC provides the much better image compared to the 111In Octreoscan (SPECT). 
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The quantification of the PET images allows obtaining individually dosimetric data and one can determine for each patient the optimal dose for the therapy. 

This slide demonstrates 111-In octreoscan proviode wrong data for two out of the three patients. The second message is that there might be significant individual differences in the uptake behavior. 
As a consequence H.Wagner (SNM 1999) formulated “a dosimetric imaging procedure will be an unavoidable component in future RIT”. 
Positron emitting metallic radionuclides – preferable homologues ofthe therapeutic elements are needed.


Rare Earth Elements

Positron Emitters

Nuclide Ty % B* MeV MeVy/ % Production Route
43G¢c 3.9h 88 1.2 43Ca (p,n) 43Sc, 44Ca (p,2n) 43Sc
44Ti decay (generator), *Sc (p,2n) #Ti
44 9h a4 | 1.
SC 3.9 o > V, Ti (p,spall)
85my 4.9 h 67 2.3 238 34 8Sr (p,2n) 8mY, ISOLDE
SGSr (p n) 86Y
86 637 33 ,
Y | 147h | 32 | 12 1077 83 ISOLDE
134Ce 759h | EC No Ta, Er, Gd (p,spall)
134pr 6.7m 64 2.7 605 132Ba (a,2n) 134Ce
138Nd 5.2 h EC No Ta, Er, Gd (p,spall)
138py 1.5m 76 3.4 789 4 136Ce (a,2n) 138Nd, ISOLDE
140Nd 3.4d EC | ,, No Ta, Er, Gd (p,spall), ISOLDE
140py 3.4m 50 ; No 141Pr (p,2n) 140Nd,
142Gm 72.4m 6 1.5 No Ta, Er, Gd (p,spall), ISOLDE
142pm 405 s 78 3.9 No 12Nd (a,4n)142Sm
. Ta (p,spall) ISOLDE
152
Tb 17.5h 20 2.8 Div 152Gd (p,4n) 149Tb, 142Nd(12C,5n)149Dy



This table contains a selection of suitable metallic positron emitters, that can support the future RIT. All these nuclides can be produced at CERN ISOLDE or with the cyclotron in Nantes and partially with standard PET cyclotrons.  


CERN Grey Book 1997 Cover page



22  Examples of phantom PET Images performed with the Geneva Siemens PET scanner and positron emitting radionuclides produced at CERN ISOLDE facility. 


o-emitters
for therapy


24.	The following slides we can skip, I refer to A.Miederers presentation 


Summary

High-energy proton induced reactions can produce essentially
all isotopes of medical interest

High energy protons in combination with mass separation
(on-line or off-line) provide a universal production method
for R&D isotopes.

These radioisotopes are practically carrier-free and
of high purity.

The universality of ISOLDE enables systematic biokinetic
studies, simultaneously with different isotopes and
different tracers.

Already today ISOLDE can supply quantities of metallic
PET-isotopes and a-emitters for preclinical and
clinical “phase 0” studies in RIT.
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ELSEVIER Applied Radiation and Isotopes 63 {2005) 157-178

www .elsevier.com/locatefapradiso

The US national 1sotope program: Current status
and strategy for future success

Mark J. Rivard®*, Leo M. Bobek®, Ralph A. Butler®, Marc A. Garland?,
David J. Hill*!, Jeanne K. Krieget’, James B. Muckerheide®,
Brad D. Patton®, Edward B. Silberstein®

The most demanding isotope supply challenge con-
cerns the i1sotopes used in R&D, an area in which
quantities are small, production techniques are not well
established, and costs are high. Isotopes for R&D use

without proven markets and profitability are not being
adequately supplied.



We tried to point out that there is clearly a demand for research isotopes but there is insufficient supply. We are not alone with this problem: 2005 scientists from the US pointed the finger to the problem of inconvenient supply with research isotopes.



Future of ISOLDE Isotopes for Nuclear Medicine

What should be done at CERN:

e Launch a new European collaboration for bio-medical and
nuclear medicine studies with carrier-free radioisotopes
from ISOLDE and other sources.

e Rebuild a radiochemical laboratory at ISOLDE
for on-site chemical purification of radioisotopes.

e Prepare technological solutions for larger-scale isotope
production with coming accelerator upgrades (LINAC4, SPL).


What should be done:
- launch a new European …
- Rebuild a radiochemical lab …
-  Prepare technological solutions for future medical isotope programs  ..
Please remember, all the mentioned isotopes used in our studies in the past and those which will be needed in future research programs can be made available with existing techniques at CERN. The input from Radiochemistry is unavoidably required. Furthermore, there is no place in the world with a comparable potential and related infrastructure.


Radio-
isotope

Half-life
Tir

X-section
(mb)

Production
rate (pers)

Alternative

production processes

Possible longterm future: MW protons on Hg target

Applications

192-Ir
188-W/Re
178-WiTa
177-Lu
166-Ho
149-Tb
148-Gd
153-Sm
127-Xe
117m-5n

99-Mof3Sm-Tc

89-5r
82-5r/Rb
68-Ge/Ga
67-Cu
44-Tifsc
32-5i

28-Mg

T4d
69 d
22d
67d
258h
412h
74 .63
46.75 h
764 d
136d
66 h

50.5 d
2554
288 d
61.9h
473y
101y

7.16e5y
209h

2 58E+00
6.90E-02
8.08E+0D0
6.31E-02
5.30E-03
8 21E-01
6 31E-01
1.41E-03
8. 22E-02
1.78E-01
2 T8E-01

5.38E-01
1.36E-01
8 38E-02
3.83E-01
1.77E-03
3.03E-02
6.05E-03
1.45E-02

1.0E+14
2.TE+12
3.1E+14
24E+12
2.0E+11
3.56E+13
21E+13
0.6E+11
3.5E+12
0.TE+13
0.6E+13

21E+13
0.5E+13
3.6E+12
1.5E+13
0.TE+11
1.2E+12
2.3E+11
0.6E+12

(n.y)
{2n,y)
{p.4n)

(n.y)

(n.)

spallation

(n.y)
(p.x...
(n.y)
n.9

{(ny), {n.p)
{p.4n)
(p.2n}, spall.

Py}
spallation

{p.n)

reactor
HFR

accelerator
reactor
accelerator

cyclotron

See poster ID120

Sealed zources for industry and cancer therapy
Radio-immuno-therapy with 188-Re
Generator with potential in PET
Therapy with [abelled antibodies and peptides
Therapy with [abelled antibodies and peptides
Targeted Alpha Therapy, single cancer cell targeting
Low-energy alpha sources
Therapy of bone metastases
SPECT, lung ventilation and brain perfusion
Syatemic radionuclide therapy

Most important radlq-nu:ﬂld& for nuclear medical
imaging

Palliative therapy of bone metasiases
Generator, PET, myocardial perfusion
Cifferent PET imaging procedures, calibration of PET
Therapy with labelled antibodies and peptides
Generator, great potential for PET
Important isotope for R&D and technical application
Important isotope for R&D and technical application
Impaortant isctope for R&D



A possible large scale production by high energy protons is discussed in poster 120.
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I show this slide becasue it illustrates the access of 149-Tb with p-induced reaction on 152-Gd (suitable for the Nantes cyclotron). 


