
COST BM0607 Action 
"Targeted Radionuclide Therapy" 

Working Group meeting 
June 24-25, 2008, Krakow 

Final Programme 

and 

Abstracts 

COST is supported by 

the EU RTD Framewo'k Programme 
l&siN ESF provides the COST Office 

through an EC contract 



COST BM0607 Action 
'Targeted Radionuclide Therapy" 

Working Group meeting 

June 24-25, 2008 

Location: 
Conference Center 
Faculty of Medicine 

Jagiellonian University 
16, Łazarza Street 

31-530 Krakow, Poland 

Local organizer: 
Alicja Hubalewska-Dydejczyk 

i 



FINAL PROGRAMME 

Tuesday, 24 June 2008 

Plenary session 

08:45 - 08:55 Alicja Hubalewska-Dydejczyk 

Welcome 
08:55 - 09:00 Marion de Jong/Helmut Maecke 

Opening remarks 

Chairs: Marion da Jong/Helmut Maecke 

09:00 - 09:05 WG1 leaders 
Short introduction 

09:05 -09:15 WG2 leaders 

Short introduction 
09:15 - 09:50 Keynote lecture 

Uwe Haberkom (Heidelberg, Germany) 
"Display techniques for the identification of new tumor-specific ligands" 

09:50 - 10:00 WG3 leaders 
Short introduction 

10:00 - 10:35 Keynote lecture 
Cecilia Hindorf (Nantes, France) 
"Dosimetry - from cell to patient" 

10:35-11:05 Coffee break 

11:05-11:15 WG4 leaders 
Short introduction 

11:15 - 11:50 Keynote lecture 
Andreas Turter (Munich, Germany) 

"Production of n.c.a. radionuclides for therapy at Technische Universitat 

Munchen" 
11:50 - 12:05 Roland Haubner (Innsbruck, Austria) 

"Radiometallated RGD-peptides - The Innsbruck experience" 
12:05 - 12:20 Greg Mullen, Phil Blower (London, United Kingdom) 

"Selective killing of hypoxic tumour cells with Cu-64-ATSM: potential for 
hypoxia-setective radionuclide Iherapy" 

12:20 - 12:35 Damian Wild (Basel, Switzerland) 
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"Alpha- vs. beta-targeted radiotherapy in a GRP-receptor positive mouse 
xenograft model, efficacy and toxicity" 

12:35-13:35 Lunch & poster session 

13:35 - 17:05 Parallel session of WG3 (see attachment) 

13:35 - 13:50 Vladimir Tolmachev (Uppsala, Sweden) 
"Improving of biodistribution of anti-HER2 Affibody molecules by chelator 
engineering" 

13:50 - 14:05 Geerd-J. Meyer (Hannover, Germany) 
"Synthesis and analysis of 2-[aiłAt]astato-L-pheny1alanine and 4-[211At]astato-
L-phenylalanine and their uptake in human glioma cell cultures in vitro" 

14:05 - 14:15 C. Burchardt (Mainz, Germany) 
"Ga-68 labeled amino acids" 

14:15 - 14:25 John Martens (Brussels, Belgium) 
"[131l]-2-l-D-Phe as a new compound for radionuclide therapy of LAT1 
overexpressing tumors" 

14:25 - 15:25 Gastrin talks 

Introduction (T. Maina) 
Theodosia Maina (Athens, Greece) 
"Truncated tetraamine-coupled minigastrins for targeting CCK-2-R with B9mTc -
Preclinical comparison with "Tc-Demogastr in 2" 
Clemens DeCristoforo (Innsbruck, Austria) 
"Three generations of Minigastrin derivatives- where are we? The Innsbruck 
experience" 
Jane Sosabowski (London, United Kingdom) 
"SPECT imaging of CCK-2 receptors" 
Pefra Peitl (Ljubijiana, Slovenia) 
"Highly improved metabolic stability and pharmacokinetics of gastrin-DOTA-
conjugates for targeting of the gastrin receptor" 
Luigi Aloj (Torino, Italy) 
"Radiolabeled DOTA-CCK8 for targeting CCK2 expressing tumors" 
Martin Bśhś (Freiburg, Germany) 
"In vitro studies on the modulation of CCK2 (and SSTR2) receptor expression" 
Conclusion (L Aloj) 

15:25-15:55 Coffee break 

15:55 - 16:05 Pefer Barnard (Oxford, England) 
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"Diamide macrocycles: potential bifunctional ligands for Cu-64, Ga-68 and 7c-

99m" 

16:05 -16:20 Holger Stephan (Rossendori, Germany) 

"New versatile bifunctional chelating agents for developing copper 

radiopharmaceuticals'' 

16:20 -16:35 Giancarlo Morelti (University Naples, Italy) 

"Radiolabeled peptide containing molecular aggregates for selective delivery 

of therapeutics" 

16:35 - 16:50 Agnieszka Majkowska (Warsaw, Poland) 

"Scandium-47 complexes as precursors for therapeutic radiopharmaceuticals" 

16:50 - 17:05 Alicja Hubalewska-Dydejczyk (Krakow, Poland) 

"Endocrine neoplasms - searching for new forms of targeted therapy" 

17:05 - 17:45 Summary of the WG3 meeting and proposals for cooperation (Flux, Bardies) 

17:45 -18:45 Poster session 

Wednesday, 25 June 2008 

08:30 - 08:45 Jacques Basket (Nantes, France) 

"Arronax, a new high-energy, high-intensify cyclotron for targeted radionuclide 

iherapy in Europe" 

08:45 - 09:00 W.A.P. Breeman, Erik de Blois (Rotterdam, Netherlands) 

"Radiochemical limitations encountered during the preparation of injections for 

PET and SPECT studies of receptor-mediated processes" 

09:00 - 09:15 F Rósch, K. Zhernosekov, D. Filosofov (Mainz, Germany) 

"High specific activities of radiolanthanides following neutron capture nuclear 

reactions" 

09:15 - 09:30 Petr Hermann (Prague, Czech Republic) 

"Ligand design for radiometal compiexation" 

09:30 - 09:45 Marteen Metis (Rotterdam, Netherlands) 

"Accumulation of radiolabeled peptides in human tumors in nude mice: 

autoradiographic and SPECT studies" 

09:45 - 10:00 Francois Jamar (Brussels, Belgium) 

"Sequential micro-PET studies in rats with neuroendocrine tumors" 

10:00-10:15 Otto Boerman (Nijmegen, Netherlands) 

"Pretargsted immunoPET imaging of CEA-expressing tumors using a Ga-68-

labeled peptide" 

10:15 - 10:30 Alice Laznickova (Prague, Czeck Republic) 

"Possible approaches to reduce renal radioactivity retention after radiolabeled 

peptides" 

10:30 -11:00 Coffee break & poster session 
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11:00 - 12:00 General discussion & poster session 

12:00-13:00 Lunch 

13:00-15:00 MC meeting 
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Posters 

P. Bouziotis, E. Goumi, S. Xanthopoulos and AL.Hams (Athens, Greece) 
"labeling of Bevacizumab, an anti-VEGF monoclonal antibody, with Rhenium-188: initial 
in vitro and in vivo studies" 
Aleksander Bilewicz, Barbara Bartos, Gunnar Skarnemark (Warsaw, Poland) 
"Obtaining of Rh-103m, an Auger emitter, from Ru-103/Rh-103m generator" 
J.Vucina, D.Djokić, DJankovic, N.Nikolić, T.Maksin, Dj.Petrovic (Belgrade, Serbia) 
"Twenty five years of experience in the production of Molybdenum-99/Technetium-99m 
generator" 
DJ.Petrovic, J.Vucina, D.Lukić (Belgrade, Serbia) 
"Some experiences in the development of the production of Rhenium and Yttrium for 
radionuclide therapy" 
Divna Djokic (Belgrade, Serbia) 
"Recent developments in Y-90 labelling of different ligands for targeted radiotherapy; the 
first experiences in Serbia" 
Eftychia Koumananou (Swierk-Otwock, Poland) 
"Labeling of peptidic analogues with beta-emitters for targeted radiotherapy" 
C.Decństotoro, M. Ocak (Innsbruck, Austria) 
"Experiences with MGa- labelling of peptides using different strategies" 
Dariusz Pawlak, Renata Mikołajczak (Warsaw, Poland) 
"Experiences with the ^Ge/^Ga generator, developments in MGa labeling of DOTA-
TATE" 
Ciara Finucane (London, United Kingdom) 
"High resolution small-animal SPECT/CT imaging as a tool in preclinical development" 
lain Murray (London, United Kingdom) 
"Assessment of cell clonogenic survival in a radionuclide therapy treatment model" 
Aleksander Bilewicz, Barbara Bartos (Warsaw, Poland) 
"New method for separation of Sc-47 from titanium target" 
Marek Pruszynski, Natalia Loktionova, Dimitri Filosov, Frank Roesch (Mainz, Germany) 
"Performance of a 5 mCi Ti/Sc generator" 
M. Pruszynski, A. Bilewicz, M. Zalutsky (Warsaw, Poland) 
"Metal cation bridge - new method for astatination biomolecuies" 
Maria Miana Gruia, Valentina Negoita, Monica Vasilescu, Dana Niculae, Valeria Lungu, 
Rodica Anghel (Bucharest, Romania) 
"Determination of ototoxicity induced by reactive oxygen species after experimental 
tumors treatment with radiolabeled anti-VEGF monoclonal antibodies" 
P. A. Waghom, J. R. Dilworth, B. Cornelissen (Oxford, United Kingdom) 
"Fluorescent radiolabeled porphyrin complexes of Cu(ll), Ga(lll) and In(lll) for targeted 
in vitro and in vivo studies" 

6 



Parallel session of WG3 

13:35 - 13:50 Glenn Flux (London, United Kingdom) 
Welcome and "Clinical dosimetry at RMH" 

13:50 - 14:05 Michaal Ljungberg (Lund, Sweden) 
"Patient-specific dosimetry in Lund" 

14:05 - 14:20 Gertiard Gtatting (Ulm, Germany) 
"RIT and leukaemia: Dosimetry and modelling" 

14:20 - 14:35 Stanisław Ps2ona (Poland) 
"New Descriptors of Radiation Quality based on Nanodosimetry* 

14:35 - 14:50 Manuel Bardiśs (Nantes, France) 
"Pre-clinical dosimetry - Where next?" 

14:50 -15:05 Gracinda Costa (Coimbra, Portugal) 
"TRT in Coimbra" 

15:05 -15:20 Jorge Isidoro (Coimbra, Portugal) 
"Dosimetry in Coimbra" 

15:20-15:50 Tea break 

15: 50 - 16:05 Sandro Ridone (Saluggia, Italy) 
"Biokinetic and radiopharmaceutical studies for internal dosimetric evaluations 
in metabolic radiotherapy; two cases at ENEA - Radiation Protection Institute: 
[153SmlSm-EDTMP and [^Vj-lbritumomab tiuxetan" 

16:05-16:20 Boudewijn Brans (Maastricht, The Netherlands) 
"Recent developments in dosimetry and T R T 

16:20 - 16:35 Marta Cremonesi (Milan, Italy) 
"The Milan experience" 

16:35 - 16:50 Mark Konijnenberg" (Petten, The Netherlands) 
"Kidney toxicity" 

16:50 - 17:05 Discussion 

Plenum 
17:05 - 17:45 Summary of the WG3 meeting and proposals for cooperation (Flux, Bardies) 
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GENERAL INFORMATION 

Venue of meeting: 

Conference Center Faculty of Medicine, 
Jagiellonian University, Medical College 

16, Łazarza St., Krakow 31-530 

Web address: http://www.cdk.cm-uj.krakow.pl/ 

Transport in Krakow: 

• Shuttle train service links Krakow's John Paul II International Airport in Balice 
with the Krakow Glowny main rail station in the city center. On average, trains 
run every thirty minutes between 4 a.m. and midnight. The 15-kilometer 
journey should last about twenty minutes but it often takes longer. A single 
ticket costs an equivalent of under two euros. One can purchase tickets on the 
train. It departs from a stop some 300 meters from the International Terminal 
T1. 

• Two municipal bus services are available at a stop situated about fifty meters 
from the International Terminal T1. Buses number 292 and 208 connect the 
airport with the city center. Detailed bus schedule is available on: 
www.mpk.krakow.ol 

• Taxi stands are situated by the both passenger terminals. Also, you may 
phone one of Krakow's taxi calling centres and they will send the nearest cab 
available. We advise you to use radio-taxi companies, for example Barbakan 
+129961, Wawel-Taxi +12 9666, etc. The journey takes about 20 minutes 
(outside of rush hour) and costs approximately 15-20 Euro. 

Contact to the Travel Agency Eco-Tourist 
(They arranged accommodation for COST participants) 

EKO-TOURIST sp. z o.o. 
ui. Radziwitiowska 21/4 
31-026 Kraków, Polska 

tel. (+48 12) 422 88 63, 422 70 03 
fax. (+48 12)42316 97 

e-mail: biuro@eko-tourist.krakow.pl 
www.eko-tourist.krakow.pl 
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General Information 
Name of presenting author: Cecilia Hindorf 
Address of presenting author: imagerie Medicals, Ecole National Veterinaire de 

Nantes, France 
Telephone of presenting author: hindorfQvet-nantes.fr 
E-mail of presenting author: 
Topic category: 

Dosimetry - from cell 10 pattern 

Cecilia Hindorf 
Imagerie Medicale, Ecole National de Vetsrinaire de Nantes, France 

An overview of internal dosimetry will be given, including the basic science and current 
research areas. 

One of the strengths of the MIRD formalism is its wide applicability, from the cell to the 
patient. The approximation performed when applying the MIRD formalism is the 
assumption of an uniform activity distribution within the source region. Likewise, the 
absorbed dose distribution in the target region is assumed to be uniform. The 
assumption of uniformity and its possible consequence is one weakness needed to be 
aware of when applying the formalism. Another possible source of in-accuracy is the 
use of standardized phantoms to perform individualized dosimetry. 

The calculation of the cumulated activity, the number of disintegrations in the source 
region, is often performed from data based on quantitative imaging. Possible sources to 
in-accuracy are the quantification method, the number of data-sets and the timing of the 
acquisitions. 

The correlation between absorbed dose and the biologic effect (toxicity for normal 
tissues and response for tumour tissues) and the extrapolation between species and 
from cells to patients will also be addressed. 
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General Information 
Name of presenting author: 
Address of presenting author: 

Telephone of presenting author 
E-mail of presenting author: 
Topic category: 

Dr. Roland Haubner 
Medizinische University Innsbruck, Anichstr. 35, A-
6020 Innsbruck 
+4351250480069 

roland.haubner@i-med.ac.at 
WG2 

Radlorrwlallated RGD-peptldes - The Innsbruck experience 

R. Haubner, C. Oecristoloro, I. Hemandes-Gonzales, M. Petrik, A. Helbok, C. Rangger, 
E. von Guggenberg, I. Virgolini 

Department of Nuclear Medicine, Medizinische Universitat Innsbruck 

Angiogenesis is important in many diseases including tumor growth and metastasis. 
Thus, inhibition of this process is a new treatment strategy in oncology. One receptor 
involved is the alpha(v)beta3 integrin. It has already been demonstrated in murine 
tumor models as well as in initial patient studies that especially [iaF]Galacto-RGO allows 
non-invasive determination of alpha(v)beta3 integrin expression. Here we will present 
our experience in labeling RGD-peptides with radiometals such as MGa and " ' In. 
In an initial study we synthesized c(RGDfK(DOTA)) and labeled it with MGa and " ' in . 
Labeling was straightforward, but biodistribution showed much higher activity 
concentration in blood for [**Ga]DOTA-RGD as for [11lln]DOTA-RGD, which showed a 
comparable distribution pattern as found for [,sF]Galacto-RGD 1 hour post injection. 
Subsequent in vitro assays revealed -15-times higher amount of protein bound activity 
for [™Ga]DOTA-RGD as for [111ln]DOTA-RGD indicating low stability of the ^Ga-DOTA 
complex. Further development resulted in ["GalBSOS-RGD and in [̂ GaJNODAGA-
RGD. Whereas the first showed no improved protein binding properties and 
biodistribution pattern, first data for the latter indicate drastically reduced protein bound 
activity. However, further studies will demonstrate if this compound may be an 
alternative to [,sF]Gaiacto-RGD in imaging alpha(v)beta3 expression. 
Recently, Janssen et al. (Cancer Res. 2002) reported that injection of [30Y]DOTA-E-
[c(RGDfK)], a dimeric RGD-peptide, induced a significant delay in tumor growth. Thus, it 
will be discussed if these compounds labeled with 17TLu, °°Y or "Cu may be candidates 
for targeted radionuclide therapy. 
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General Information 
Name of presenting author: 
Address of presenting author: 
Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

Gregory Mullen 
Division of Imaging Sciences, Kings College London 
+442071888371 
greg.mullen@kcl.ac.uk 
WG4 

Hypoxla-targeted radionuclide therapy: hypoxla-selective toxicity and ONA 
damage induced by 64CuATSM 

Amanda Weeks' Rowena Paul2, Gregory Mullen1, Paul Marsden2, Philip Blower2, 
Daniel Lloyd1 

'University of Kent, "Kings College London 

Hypoxic tumours are often resistant to radiotherapy and chemotherapy. Hypoxia-
targeted radionuclide therapy would therefore be valuable in combination with other 
treatments. The hypoxia imaging agent 64CuATSM is a potential prototype for this. 
However, reduced radiosensitivity due to hypoxia may limit selective toxicity. Aims: 
Compare the radiosensitivity of hypoxic and normoxic cells to 64CuATSM in vitro. 
Methods: Monolayers of MCF-7 breast epithelial cancer cells were treated with 
64CuATSM for 1 hour in 24 well plates under 20.9% (normoxia), 0.1% (hypoxia) and 
<0.01% (nominally anoxia) oxygen atmosphere. Cellular uptake and cbnogenlc survival 
were measured. DNA damage was assessed by Comet assay. Results: Cells treated 
with 5 MBq/ml accumulated 3, 7 and 10 Bq/cell under normoxia, hypoxia and anoxia, 
leading to surviving fractions of 28%, 19% and 4%, respectively. At 10 MBq/ml, 
respective uptake values were 6, 10 and 26 Bq/cell while survival decreased to 9%, 
0.2% and 0% for normoxic, hypoxic and anoxic conditions. 64CuATSM elicited more 
DNA damage in hypoxia/anoxia compared to normoxia. Decayed 64CuATSM showed 
no toxicity or DNA damage under anoxic, hypoxic or normoxic conditions. Conclusions: 
64CuATSM is greatly more toxic to anoxic and hypoxic ceils than normoxic cells. 
Radionuclide therapy for hypoxic tumours is a plausible concept. 
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General Information 
Name of presenting author: 
Address of presenting author: 

Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

1 
Geerd-J. Meyer 
Klinik fur Nuklearmedizin, Medizinische Hochschule 
Hannover, Carl-Neuberg Str. 1, D-30623 Hannover, 
Germany 

meyer.geerd-j9mh-hannover.de 

Synthesis and Analysis of 2-r'At]asiato-L-pnenylalanlne and 4-f"At]astato-L-
phanylalanine and their Uptake In Human Glioma Cell Cultures In-vltro. 

Siva Reddy Siiyapureddy, Almut Walts, Doris Krull, Zekiye Korkmaz, Geerd-J. Meyer*, 
Wolfram H. Knapp 

Klinik Wr Nuklearmedizin, Medizinische Hochschule Hannover, Carl-Neuberg Str. 1, D-
30623 Hannover, Germany 

Puipose: 
[131l]iodo-phenylalanine derivatives were shown to be promising tor treatment of 
gliomas. As a-particles are particularly attractive for cell-specific radiotherapy we 
initiated the synthesis and analysis of 2-[ "At]astato-L-phenylalanine (2-[!"At]-Phe) and 
4-[2"At]astato-L-phenylalanine (4-[2"At]-Phe), studied their uptake in human glioma cell 
cultures in-vitro and compared the in-vitro cell-uptake with 4-[131l]iodo-L-phenylalanine 
(4-[13,l]-Phe) and 2-[131l|lodo-L-phenylalanine (2-[131l]-Phe). 
Methods: 
2-[!"Al]-Phe and 4-[21,At]-Phe were prepared from 2-1- and 4-l-L-phenylalanine (2-l-Phe 
and 4-l-Phe) using the Cu*-assisted non-isotopic exchange method. Cell-uptake of 4-
[*"At]-Phe and inhibition of the uptake by cold phenylalanine were determined in 
DBTRG-05MG glioma cells in-vitro. 
Results: 
Radiochemistry 
Radiochemical yields of 2-[*"AtJ-Phe and 4-[2"At]-Phe were 72-74% and 67-80%, 
respectively. Attar HPLC purification the radiochemical purity for both compounds was 
>98%. The HPLC sequence analysis showed that 2-f At]-Phe followed the halogen 
sequence (F<CI<Br<l<At) whereas 4-[2nAt]-Phe did not follow the halogen-sequence 
but eluted between 4-Br-L-phenyfalarrine (4-Br-Pne) and 4-l-Phe (F<CI<Br<At<l). 
Cell uptake 
The uptake of 2- and 4-[*"At]-Phe in glioma cells reached a maximum after 15 min. 
Although the uptake of 2- and 4-[211At]-Phe was only half of that of 4-[lail]-Phe, the 
maximal uptake-inhibition by cold phenylalanine was 10-fold for 4-[21lAt)-Phe and 20-
fold for 4-[131l]-Phe in competitive uptake experiments. 
Conclusions: 
The Cu*-assisted nucleophilic pathway for the preparation of 2-[s11At]-Phe, and 4-[z11At]-
Phe is highly reproducible with radiochemical yields >80% and purities > 95%. 2-, and 
4-[s11At]-Phe exhibit moderately reduced uptake in glioma cells as compared with 2-, 
and 4-[131l]-Phe ( 1% vs 1,8% ); they are, however, efficiently and specifically 
transported by the pertinent systems. 4-{ At]-Phe is the most promising derivative to 
be further evaluated for experimental glioma treatment. 
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General Information 
Name ot presenting author: 
Address of presenting author: 

Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

Carsten Burchardt 
Institute of Nuclear Chemistry, University of Mainz, 
D-55128 Mainz, Germany 
+49.6131.3926038 
ACBurchardtOt-onlina.de 
WG2 

New "Ga-labelled amino acids: Could they be used for tumour targeting? 

C. Burchardt1, P. Riss1, O. Prante5, F. Roesch1 

'institute of Nuclear Chemistry, Johannes-Gutenberg-University Mainz, Fritz-
Strassmann-Weg 2, 55128 Mainz, Germany 

2Clinic of Nuclear Medicine, University Hospital Erlangen, Schwabachanlage 6, 91054 
Erlangen, Germany 

Radiolabeled amino acids such as 2-0-[iaF]Fluoroethyl-L-tyrosine [1] are established 
tumour tracers for Positron Emission Tomography. "Ge/^Ga-generator produced MGa 
is an upcoming PET nuclide because of its availability and comparably low costs. We 
tried to combine the advantages to create "Ga-labelled amino acids for PET/CT tumour 
imaging. We choose D02A or D03A as chelators for MGa{lll) and L-tyrosine as 
aromatic amino acid targeting vector. In addition, we used different alkyl- and PEG-
spacer to vary the distance between chelator and amino acid. 
DQ2A was synthesized from cyclen [2], Different 1-bromo-n-chloro compounds were 
used as spacer and coupled in a nucleophilic substitution to the phenolic hydroxyl group 
of the N-tBu and O-Me-protected L-tyrosine. After Finkelstein exchange, the chelator 
and the amino acid were conjugated. The protective groups were cleaved with 1 M 
NaOH/dioxane and TFA. Labelling of the compounds with Ge/^Ga-generator derived 
MGa was carried ou1 in 5 ml water using 10 ng substance. This mixture was preheated 
to 90°C, then the volume concentrated and purified "Ga was added [3]. Labelling yields 
after 10 minutes were 65-73% for the 0O2A and >90% for the D03A derivatives. The 
product was retained on a SCX-cartridge and eluted in 2 ml PBS-buffer. 
Cell studies were carried out on F98-glioblastoma cells at 0°C. Tracer uptake was 
blocked with a mixture of BCH, TRP and SER to the level of unspecific binding. The 
unspecific binding was determined with e8Ga-D02A. These studies indicate a specific 
uptake, probably via the amino acid transporter into the cells, which can be blocked to 
the level of unspecific binding. It should thus be possible to visualize tumours with these 
**Ga-labelled compounds. 
References: 
[11K J. Wester, M. Herz, W. Weber, P. Hess, H. Setiekowitsch-Scfimfcltke, M. Schwaiger, G. Stócklin, J. 

NUCl. Wed. 40 (1999) 205. 
[2] Z. Kovaes, A. 0. Sherry. J. Cham. Soc., Chem. Commun, (1995) 1B5 
[3] K. Zhemosskow, D. Filosolov, R.P. Baum, P. Aschoft, H. Blhl, A,A. Razbash, M. Jahn, M. Jennewein, F. 
Roesch. J Nud Med. 481200711741 
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General Information 
Name of presenting author: 
Address of presenting author: 
Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

John Mertens 
Vrije Universiteit Brussel, 1090 Brussel 
32 2 4774856 
jjmerten@vub.ac.be 
Amino Acids 

Study of the radionuclide therapeutic potency of 2-131l-D-Phenylalanlr» 
In RIMfluc bearing mice. 

Matthias Bauwens, Lena Wimana, John Merlens 

Radiopharmaceutical Sciences / Molecular Imaging, Vrije Universiteit Brussel, 
1090 Brussel, Belgium 

Introduction: "'l-2-D-Phenylalanine, a substrate for LAT1 transport, was tried as a 
radionuclide- therapeutic agent in a NuNu mice model inoculated with transfected R1M 
cells (RIMfluc) expressing the enzyme luciferase allowing follow up of the tumour 
growth with biloluminiscence imaging. 
Methods: Kit-labeling yielded ,3ll-2-D-Phenylalanine with a specific activity of -1500 
MBq / mg).The LAT1 expression by and the radiation sensitivity of the RIMfluc cells 
was tested in vitro. For the in vivo therapeutic experiment NuNu mice were inoculated 
with 10s RIMfluc cells. 185 MBq ,31l-2-l-Phe or control solutions were injected as a 
bolus on day 10. BLI and caliper measurements were performed until 17 days after 
inoculation followed by dissection. 
Results and discussion: The results of the BLI measurements and the calliper 
measurements of the RIMfluc tumours in the NuNu mice revealed a significant 
therapeutic effect of the injection of 185 MBq of the 131l-2-l-Phe / Kit formulation within 
7 days past administration appearing as a decreased cell proliferation velocity and a 
decreased tumour volume vis a vis the control mice series. A reduction of 30% of the 
tumour weight after dissection confirmed these results. As the injection of 13,r Nal in 
isotonic saline did not show any effect on tumour cell growth velocity and evolution of 
the tumour volume it may be assumed that the therapeutic effect was "'l-2-l-Phe -
specific. _ _ _ _ _ _ _ _ _ „ _ _ _ „ _ _ _ _ _ 
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General Information 
Name of presenting author: 
Address of presenting author: 

Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

Theodosia Mains 
Molecular Radiopharmacy, l/R-RP, NCSR 
"Demokritos", 15310 Athens, Greece 
+30210-6503908 
mainathe® rrp.demokritos.gr 
Gastrin 

Truncated tetraamlne-coupled mlnlgastrlnafor targeting CCK-2-R with T c -
Preclinical comparison with [""TcJDemogaetrln 2 

Theodosia Maina1 •", Anastasia Nikolopoulou', Christos Petrou2, Eleni Ketani1, Paul 
Cordopatis2, and Berthold A. Nock1 

'Molecular Radiopharmacy, Institute of Radioisotopes - Radiodiagnostic Products, 
NCSR "Demokritos", Athens, Greece; 'Department of Pharmacy, University of Patras, 

Patras, Greece 

The expression of cholecystokinin-2/gastrin receptors (CCK-2/gastrin-R) in human 
tumors, as in medullary thyroid carcinoma (MTC), provides the opportunity to develop 
radiolabeled CCK or gastrin analogs for their scintigraphic detection. Minigastrin (MG) 
based radiotracers have so far shown superior characteristics despite their tendency to 
unfavourably accumulate in the renal cortex. We have previously reported on 
[(DlGlu'JMG derivatives carrying acyclic tetraamines at the N-terminus for stable binding 
of " T c , like ["Tcpemogastrin 2. These agents showed excellent qualities as MTC 
targeting radiotracers in animal models and/or in MTC patients, In the present study, we 
report on similarly functionalized analogs, [99Tc]Demogastrin 4 - 6 , which are based on 
the truncated ((DJGIu^MG^-IS) sequence. They are consequently lacking the critical 
(Giu)s-chain suspected for the high kidney uptake of radiolabeled minlgastrins. 
Furthermore, the oxidation-susceptible Met" (in 4) has been replaced by either Nle" {in 
5) or Mox" (in 6). The conjugates were synthesized on the solid support. Labeling with 
nmTc afforded high specific activity radiotracers. ("TclDamogastrin 4 - 6 Internalized 
rapidly in AR4-2J cells. When injected in AR4-2J tumor bearing mice truncated 
("TcjDemogastrin 4 - 6 resulted in lower values in the CCK-2/gastrin-R-positive 
stomach and the AR4-2J tumor in comparison to the full-length (""TcJDemogastrin 2. 
On the other hand, they showed a dramatically reduced kidney uptake (<5%ID/g at 1 h 
pi) as compared to the non-truncated analogs (>60%ID/g at 1 h pi). According to these 
findings, [*"Tc]Demogastrin 2 remains the agent of choice for clinical application, 
especially when taking into account Its low accumulation in the human kidney. 
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Three generations of Minigastrin derivatives- where are we? The Innsbruck 

experience 

von Guggenberg E1, Salegger W2, Helbok A'.Ocak M\ Decristoforo C', 

'Clinical Department of Nuclear Medicine, 2piCHEM Research and Development, Graz, 
Austria, 

Gastrin analogues bind to Cholecystokinin (CCK) receptors which are expressed in 
tumours such as gastroenteropartcreatic, MTC and SCLC. We have chosen analogues 
of Minigastrin to target these receptors in vivo. First generation of peptides showed high 
receptor affinity and good tumour targeting properties, but extremely high kidney uptake 
and retention. A second generation of radiolabelled short-chain analogues missing the 
pentaglutamic acid sequence of [DGIu']minigastrin (MG) revealed considerably reduced 
kidney uptake but retained tumour targeting properties. However, also these derivatives 
showed low stability, leading to rapid degradation in vivo, in an attempt to overcome 
these problems we investigated a third generation of new DOTA-derivatised analogues 
stabilized by cyclisation. 
A small series of DOTA derivatised octapeptides were synthetised replacing Met by Nle 
at Pos 11 and Gly by DLys at Pos 9 of MG allowing cyclisation with DGIu in Pos 1. 
DOTA-cyclo-MG was labelled with ""Ga/^ln with high yields, Nle-analogues showed 
lower amounts of by-products. A high stability in solution and in plasma was in contrast 
to rapid conversion to a stable peptide-metaboKte in kidney and liver hornogenates. 
Initial biodistrtbution studies showed rapid renal excretion and very low unspecific 
retention in most organs for eeGa/'"ln-cyclo-MG comparable to linear MG-derivatives 
with tumour uptake between 2.94±0.56 and 3.34±0.19% 1 h p.i. 
Overall cyclisation of the peptide resulted in an altered metabolic profile, but not in 
improved stability. Tumour uptake values were similar or inferior to previously described 
MG derivatives. The major challenge especially for therapeutic applications seems to be 
stabilisation thereby retaining binding affinity. 
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Highly improved metabolic stability and pharmacokinetics of lndium-111-DOTA-
gastrln-conjugatea for targeting of the gastrin receptor 

P Kolenc Peitl1, R Mansi2, ML Tamma2, T Gmeiner Stopar1, JC Reubi3 and HR Maecke2 

'Department for Nuclear Medicine, University Medical Centre Ljubljana, Ljubljana, 
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division ol Radiological Chemistry, University Hospital, Basel, Switzerland 
^Division of Cell Biology and Experimental Cancer Research, Institute of Pathology, 

University of Beme, Berne, Switzerland 

Purpose Different attempts have been made to develop minigastrin analogues suitable 
for radiopeptide therapy of medullary thyroid carcinoma and other gastrin receptor 
expressing tumors. Macrocyclic chelators like DOTA provide high complex stability. 
Minigastrin analogues with reduced number of Giu-s {reduced negative charge) show 
improved tumor-to-kidney ratios but also low stability in serum which makes them 
unsuitable candidates for clinical use. Our aim was to develop new DOTA coupled 
minigastrin analogues with seven C-terminal amino acids and non-ionic spacers which 
may retain improved tumor-to-kidney ratio and demonstrate higher enzymatic stability in 
serum. 
Methods DOTA coupled minigastrin analogues with different non-ionic spacers were 
synthesized manually using solid phase peptide chemistry. Gastrin receptor affinities of 
the analogues were determined by receptor autoradiography using 125I-CCK as 
radioligand. Intemalisation rates of In-labelled analogues in the cells were evaluated 
in AR4-2J cells. Enzymatic stability was determined by incubating the 11lln-labeiled 
peptides in human serum. Biodistribution was performed in AR4-2J-tumour-bearing 
Lewis rats. 
Results Binding affinities of the minigastrin analogues to gastrin receptor, expressed as 
IC50 values were between 2.7 and 7.7 nmol/L All '"In-labelled radiopeptides showed 
receptor-specific internalization. The resulting serum half-lives of analogues varied 
between 1.2 and 3.0 h in the case of {PEG)„or (D-Ser)n spacers and improving from 7.5 
to over 400 h with increasing number of D-GIn residues as the spacer. The most stable 
candidate from our series showed low kidney uptake with improved tumour-to-kidney 
ratio of 2.6 after 4 hours and 1.2 after 24 hours compared to conjugates with charged 
spacers. 
Conclusion We developed DOTA-coupled minigastrin analogues which seem to be very 
stable in human serum and have favorable pharmacokinetics. The next step is to 
develop the most promising one into a clinically useful radiopeptide. 
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In vitro studies on the modulation of CCK2 (and SSTR2) receptor expression 

M. Bene', S. Koiler2, M. Pusken2, M. Gotthardt*. T. Behr2, E. Engenhart-Cabillic3 

1 Department of Nuciear Medicine, University Freiburg, Germany 
2 Department of Nuclear Medicine, Philipps-University, Marburg, Germany 
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4 Department of Nuclear Medicine; Radboud University Nijmegen Medical Center 

Aim: Radionuclide therapy with peptides like somatostatin and gastrin has the problem 
of a low tumour to kidney ratio resulting in the danger of radio-nephrotoxicity after 
therapy. The uptake in the tumour must be increased or the kidney uptake decreased. 
We show an upregulation of the gastrin and somatostatin receptors resulting in a 
possibility to mediate the receptor density. 
Material and Methods: We used the rat pancreatic tumour cell line AR4-2J to evaluate 
the behaviour the receptor expression in vitro and in vivo after Irradiation. The uptake of 
ln-111 labelled octreotide (OctreoScan) and DTPA-DGIu'-minigastrin in irradiated cells 
were observed up to one week after the irradiation with 4, 6 and 16 Gy. 
Results: The receptors are upregulated in vitro for more than three times per cell 
depending on the dose and the time after irradiation. The upregulation of the SSTR2 
starts earlier than the one of CCK-2. 
Conclusion: The receptors are upregulated in vitro give the possibility to improve the 
uptake in the tumour of radiolabeled peptides. The external irradiation can induce a 
higher dose with the radiopeptide therapy by increasing receptor expression. 
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Macrocycllc Dlamide Ugand Systems: Potential Blfunctlonal Uganda for T c - , 
"Cu- and Ga-Based SPECT and PET Imaging Agents 

Peter J. Barnard', Carolyn J. Anderson2, Simon R. Bayly1, Helen M. Betts', Jonathan R. 
Dilworth', Jason P. Holland1 and Thaddeus J. Wadas2 
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We are interested in the development of a range of polydentate iigand systems for 
metal ions such as MCu(H), MmTc(V) and fflGa(lll), which when bound to biologically 
active molecules may be used as targeted SPECT and PET imaging agents. 

A series of symmetric and asymmetric macrocyclic diamide ligands have been 
synthesised (1, 2 and 3). Two approaches were used in the synthesis of these 
compounds. The first involved treatment of the appropriate diamine with 2-chloroacetyl 
chloride followed by ring closing with 1,3-diaminopropane (1 and 3). The second 
employed peptide coupling methodologies to construct the macrocycle using amino 
acids such as glycine, lysine and glutamic acid 2. The amino acids chosen provide 
amine and carboxylate functional groups for subsequent linkage to biologically active 
molecules. 

Copper(ll) complexes of these ligands are of particular interest as 
electrochemical studies show that they are reduced at highly negative potentials 
(approx. -1.8 V vs. SCE). It is expected that the highly negative reduction potentials will 
render the complexes non-reducible in vivo, thus increasing their biological stability. 

A novel strategy for solid-phase synthesis based on selective axial coordination 
of the preformed Zn(ll) complex to 4-(dimethylamino)pyridine (DMAP) functionaiised 
polystyrene resin has been developed. The Zn(ll) precursor can be bound to polymer 
supported DMAP via axial coordination. Upon transmetallation of the Zn(ll) complex 
with Cu(ll), the coordinate bond to the solid support is broken and only the 
transmetallated complex is released from the resin. 

OH 

M = Cu(tl). Zn(ll). 2 
Ga(HI) >nd T c f V ) 
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NEW VERSATILE BIFUNCTIONAL CHELATE AGENTS FOR DEVELOPING 
COPPER RADIOPHARMACEUTICALS 

H. Stephan 

Forschungszentrum Dresden-Rossendorf, Institut fur Radiopharmazie, PF 510119, 
01314 Dresden, Germany 

Radiopharmaceuticals based on metallic radionuclides, such as " " C u , " T c , ,ae"MRe 
and "™°Y, are often used for diagnostic and therapeutic purposes. These nuclides are 
usually enveloped in organic ligands, such as heteromacrocyclic systems. To be 
effective, the ligands have to show fast metal complexation kinetics, form complexes 
with high in vitro and in vivo stability and contain a group that can be linked to 
biomolecules. In this regard, we are developing new ligand scaffolds for copper 
radionuclides which satisfy these requirements. Ligands - based on hexadentate 3,7-
diazabicyclo[3.3.1]nonane I (bispidine) and bis(2-pyridylmethyl) triazacyclononane 
(DMPTACN) II - are discussed. These derivatives allow the introduction of linker 
groups, such as carboxylic acids, maleinimide or isothiocyanate, thereby facilitating 
coupling of targeting molecules. 

i it 

Conjugation of ligands I and II to peptide derivatives was successfully achieved via 
amide coupling. Thus, the biologically active peptide fragments neurotensin(8-13) and 
bombesin(7-14) - which are interesting for the targeting of cancer tissues - have been 
attached. In vitro ligand competition experiments and stability studies in rat plasma gave 
no evidence of transchelation or demetalation. Preliminary bio-distribution studies 
corroborate the high stability of bispidine radiocopper complexes. 
Our radiopharmalogical data indicate that Afunctional chelating agents I and II are 
attractive candidates for developing new copper radiotherapeutics. In this perspective, 
particular BFCAs will be attached to carrier molecules, such as oligonucleotides, 
antibodies and synthetic polymers, to deliver radiocopper isotopes to target tissues. 
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Radiolabeled peptide containing molecular aggregates for selective delivery of 
therapeutics 

Giancarlo Morelli', Antonella Accardo1, Diego Tesauro' and Luigi Aloj2 
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The development of new class of receptor-targeted supramolecular aggregates 
(targeted-nanovectors) is presented. The supramolecular aggregates (micelles, vesicles 
or liposomes) are obtained by co-aggregation of two monomers, the first monomer 
containing a bioactive peptide linked, through a polyoxoethylene linker (PEG) to a 
lipophilic moiety, and the second monomer containing a chelating agent able to 
coordinate a radioactive metal ion (Indium, Yttrium, Gallium) linked to a lipophilic 
moiety, similar to that present in the first monomer. The nanovectors entrap on their 
inner compartment or in the lipidic bilayer, a pharmaceutical active principle and they 
are selectively driven by the exposed bioactive peptide on the chosen biological target. 
The aggregates could act as: i) selective vehicles for simultaneous delivery of a drug (in 
the inner compartment) and a contrast agent (on the aggregate surface, for its 
visualization); ii) selective delivery of drugs and therapeutic radionuclides. 
The new targeted-nanovectors present, the bioactive peptide CCK8 and are able to 
target cancer cells that over express the Cholecystokin type B receptors. 
The following results will be presented: a) Chemical synthesis, purification and analysis 
of the monomers: development of solid-phase synthetic procedures for preparation; b) 
Preparation of the nanovectors with the desired shape and size; c) Structural and 
physico-chemical characterization of the aggregates: definition of structural parameters 
(shape, size, thickness of bilayer) by well defined techniques: Small-Angle-Neutro-
Scattering, Dynamic-Light-Scattering, Cryo-TEM, ecc; d) Labelling of the nanovectors 
with '"In; e) In vitro binding experiments in cancer cells transfected with the CCK-B 
receptor; f) in vivo delivery experiments that confirm selective delivery to tumous; g) 
Biodistribution after 24 hours from injection of targeted nanovectors labelled with 111-ln; 
h) Loading of the nanovectors with the cytotoxic, commonly used, chemotherapy agent 
Doxorubicin; definition of experimental conditions for a quantitative entrapment process, 
definition of kinetic parameters for drug loading and release; i) In vitro studies on cell 
killing properties of nanovectors filled with Doxorubicin: the studies confirm the target 
activity towards cells overexpressing the target receptors (CCK-B receptor). 
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Scandlum-47 complexes as precursor* for therapeutic radiopharmaceuticals 
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Scandium has two radioisotopes suitable for nuclear medicine. The medium energy ff 
emitter 47Sc is a promising for radionuclide therapy and "Sc for PET technique. It has a 
hall-life of T„2 =3.35 days and a maximum p" energy of 600 keV, resulting in a short 
range of radiation in tissue. 4TSc is could be produced by irradiation of 47Ti target with 
high energy neutrons (En>l MsV). 
Ionic radius of Sc3*, 74.5 pm (CN=6), is between ionic radii of Ga3* (62 pm), Lu3* (66 
pm) and Y3* (90 pm), therefore ligands developed for these cations should be suitable 
for chelating "Sc. 
Using "Sc radiotracer and HPLC methods stability constants of Sc3* complexes with 
DOT A, NOTA and others triaza cyclic ligands containing 10, 11 and 12 atoms in ring 
were determined. Ligands (except of DOT A) were synthesized by reaction of triaaza 
rings with bromoacetic acid. We found that Sc3* forms most stable complexes with 
DOTA (logK<Hx,TA=26.2). In the case of carboxylic derivatives of triaza cyclic ligands 
stability of Sc3* complexes decreases with the number of atoms in ring. The formation 
kinetics of "Sc complexes with NOTA and other triaza ligands is much faster than with 
DOTA. The electrophoresis and ion exchange adsorption indicate that Sc3* forms with 
DOTA anionic complexes and neutral with NOTA and other triaza ligands So we can 
conclude that in DOTA complexes Sc3* exhibits CN=8. In the case of complexes with all 
triaazaligands Sc3* exhibits coordination number 6. The lipophilicity of **Sc-DOTA 
complex is lower than ,77Lu-DOTA. NOTA and other triaaza complexes form more 
lipophilic complexes with "Sc than ,77Lu. 
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Endocrine neoplasms - searching for new forms of targeted therapy 

Hubalewska-Dydejczyk Alicja, Jabrocka-Hybel Agata, Gilis-Januszewska Aleksandra 
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The aim of our search Is to present a new possible form of therapy for endocrine 
neoplasms like adrenocortical carcinoma (ACC), medullary (MTC) and dedifferentiated 
differentiated thyroid carcinomas, and malignant pheochromocytoma, where currently 
available therapy is not fully successful. New forms of targeted therapy of GEP-NET are 
searched for, to improve treatment efficacy. 
Adrenocortical carcinoma: 

- Inhibitors ol the IGF-I receptor (combination with mitotan) 
- Vascular targeted therapies in ACC (VEGF inhibition, inhibition of matrix 

metalloproteinases, tumor endothelial markers (TEMs) monoclonal antibodies) 
- Acting for enzymes or precursors for steridogenesis 

Thyroid carcinoma: 
- Inhibitors of 8RAF kinase, also with agents improving expression of NIS 
- Inhibitors of RET (inhibition of GFLs by monoclonal antibodies, tyrosine kinase 

inhibitors etc.) 
- Targets for MTC: tyrosine kinases receptor (Trk B) and neurotrophins (TrkB may 

inhibit medullary thyroid carcinoma angiogenesis and tumor growth) 
Malignant pheochromocytoma: 

- Pituitary adenylate cyclase-activating peptide (PACAP) as a potential target 
- SSR 2,3,5, radiolabeled somatosatin analoques therapy combained with D2 

receptors agonist 
GEPNET: 

- Matrix metalloproteinase inhibitor 
. Cetuximab - anti-HER-1/EGFR monoclonal antibody 
- Gastrin releasing peptide (GRP) 

Newly introduced NET therapy with SOM230 could be also used as the 
radiolabeled agent therapy 
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ARRONAX, a new high-energy, high-Intensity cyclotron 
for targeted radionuclide therapy In Europe. 

Jacques Barbet', Jacques Martino2, Jean-Francois Chatai'. 
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Nantes; 2. Subatech, Ecole des Mines de Nantes, CNRS/IN2P3, Universits de 
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AHRONAX is a high-intensity (2 x 350 uA protons), high-energy (up to 70 MeV) 
cyclotron that will become operational in Nantes at the end of the year. ARRONAX will 
be able to accelerate both negatively charged (H' and D') and positively charged (He" 
and H-H* ions) particles. ARRONAX will be dedicated to research, primarily by 
producing radionuclides for Nuclear Medicine applications, but one beam line will be 
available for radiochemistry and radiobiology. A list of radionuclides of interest has been 
established. Both therapeutic and PET radionuclides have been considered. Novel 
radionuclides or radionuclides of limited availability have been selected according to the 
following criteria: emission of positrons, low energy beta or alpha-particles, stable or 
short half-life daughters, half-lite between 3 hours and 10 days or generator-produced, 
favourable dosimetry, production from stable isotopes with reasonable cross sections. 
Three radionuclides appeared well suited to targeted radionuclide therapy using beta 
(wCu, 47Sc) or alpha ( A t ) particles. Positron emitters allowing dosimetry studies prior 
to radionuclide therapy (MCu, , i 4 l , **Sc) or that can be generator-produced (wRb, "Ga) 
or providing the opportunity of a new imaging modality ("Sc) have been considered to 
have a great interest at short term. High-energy, high-intensity cyclotrons are necessary 
to produce some of the selected radionuclides and make possible future clinical 
developments in Nuclear Medicine. Associated with appropriate carriers, these 
radionuclides will respond to a maximum of unmet clinical needs. Collaborations with 
academic teams will be welcome by ARRONAX, as well as industrial production of 
some radionuclides of commercial interest. 
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Radiochemical limitations encountered during the preparation of Injections lor 
PET and SPECT studies of receptor-mediated processes 

Wout A. P. Breeman and Erik de Btois 
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Somatostatin receptors are overexpressed on several tumours; e.g. those of 
neuroendocrine origin. Animal model expressing these tumours are studied by PET and 
SPECT. Somatostatin analogues, like [DOTA°,Tyr3]octreotate (DOTA-tate), labelled with 
MGa or ' " in are are used for the visualization of these receptor-mediated processes. 
Preclinical research with PET or SPECT require high amounts of radioactivity (A), 
frequently tenths of MBq. In order to prevent saturation of the receptors, low amounts of 
the radioligand (like DOTA-tate) are tolerated (B). The total volume to be administered 
intravenously in mice and rat is in general limited to 0.1 and 0.5 mL, resp. (C). The values 
of A, B and C can be in conflict. We, and others have reported on the highest achievable 
specific activity (SA) of "Ga- and "'in-labelled OOTA-peptides. For instance, " ' in-
labelled DOTA-peptides at high SA can only be achieved when the ingrowth of non
radioactive competing '"Cd, the decay product of " ' in , is low. Thus dependent on the 
time post production of " ' In, in practice frequently only in the order of days post 
production. Alternatives are investigated, like HPLC purification, however, the presence 
of organic solvents post purification may also hamper in vivo administration. Limiting 
factor C in combination with A and B is now also investigated. Aspects of radiochemistry, 
osmoiarity, acidity, organic solvent and the presence of quenchers lor in vivo research 
will be presented and discussed. 
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High specific activities of radiolanthanides following neutron capture nuclear 
reactions 

F Roesch', KP Zhernosekov1, DV Filosotov* 
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Various radiolanthanides are routinely applied for therapeutic purposes. The potential of 
radiolanthanides lies in the spectrum they provide of low ranges of B" particles in tissue, 
but also in the different types of emitted high linear energy transfer (LET) particles 
(Auger electrons, and in some cases a-particles) in addition to the low LET B' 
particles'J3. With the increasing availability and application of therapeutic tracers, other 
new considerations are becoming relevant, namely to increase specific activities and to 
optimize radiation doses. 
There is a demand to increase the specific radioactivity of reactor- or cyclotron 
produced radiolanthanides. Standard approaches are utilizing neutron capture reactions 
on high-flux nuclear reactors and / or selecting nuclear reactions of very high cross 
section. Alternative approaches are (n,y)-*p~-> types of nuclear reaction pathways, 
such as '"Ybta-rt-.pW^Lu*. 
Finally, Szilard-Chalmers-like approaches have been recently used to achieve high 
enrichment factors, in particular, if Ln-Ligand-complexes with chelator-type ligands of 
high thermodynamic and kinetic stability are irradiated. This contribution presents proof-
of-principle experiments using l85Ho-DOTA targets. Target dissolution following 
irradiation results in easily separable "cold" Ho-DOTA targets and radioactive ieeHo 
cationic species. Specific activities of "*Ho produced in neutron capture nuclear 
reactions at the TRIGA Mainz research reactor are significantly higher compared to 
analogue irradiation of metallic l66Ho targets. 
This approach may be applied to several promising radionuclides, in particular, if the 
half-life of the radionuclide produced is relatively short. 

[1 F Roesch, E Forssell-Aronsson. Radio-lanthanides in Nuclear Medicine, in Meta! 
Ions and Their Complexes in Medication (2004) Vol. 42. p. 77-108, A. Sigel, H. 
Stgef, Eds. M. Dekker, Inc., New York & Basel. 

[2] F Roesch, Radiolanthanides in endoradiotherapy: an overview. Radiochim Acta 95 
(2007)303-311 

[ 3] H Uusijarvi, P Bernhardt, H Maecke, F Roesch, E Forssell-Aronsson. Electron and 
positron-emitting radiolanthanides for therapy-A dosimetric and production 
evaluation. J Nucl Med 47 (2006) 807-814 

[4] NA Lebedev, AF Novgorodov, R Misiak, J Brockmann, F Rosen. Radiochemical 
separation of no-carrier-added !77Lu as produced via the '7SYb(n,Y)i77Yb-»'"Lu 
process. Appl Radiat Isot, 53 (2000) 421-425 
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Ugand design for radlometal complexation 

Petr Hermann 
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Information about ligands currently investigated in (and available from) Prague group will 
be given. Reasons for a design of structures of the ligands will be given together with 
some examples of complexation properties which can be convenient from radiochemical 
point of view. 

The new ligands are modifications of well-known NOTA, DOT A or TETA, mostly 
containing phosphorus acid pendant arms, (i) Ligands based on DOTA having one 
phosphinic acid or pyridine-N-oxide pendant arm suitable for trivalent rare earth ions as 
well as for gailium(lll), copper(ll) or lead(ll). The ligands are also available in a 
Afunctional form, e.g. suitable for peptide synthesis, (ii) Ligands based on cyclam 
skeleton having one or two phosphorus acid pendant arms designed as ligands suitable 
for copper(il) complexation. (iii) Ligands derived from triazacyclononane suitable for 
small metal ions, mainly for gallium(lll). (iv) Ligands modified with 
methylenebis(phosphonata) group in a side chain for targeting of calcified tissues. Small 
bis(phosphonate)-containing molecules are available for attachment to other molecules 
for a bone targeting. 
The previous iigands/molecuies/compiexes can be conjugated to larger molecules as 
PAMAM dendrimers or cyclodextrines. 
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Possible approaches to reduce renal radioactivity retention after radiolabelled 

Alice Laznickova 

Charles University, Faculty of Pharmacy, Hradec Kralove, Czech Republic 

The long term strategy of our team is lo gain more insight into both distribution 
characteristics and transport mechanisms of new receptor-specific 
radiopharmaceuticals in preclinical experiments at different levels (whole animals, the 
perfused rat kidney and liver, cell cultures etc). 
Due to renal reabsorption of radiolabelled peptides, nephrotoxicity limits the tumour 
dose in peptide receptor radiotherapy. The peptides and small proteins are filtered by 
the renal glomerulus and after interaction with negative charges on the cell membranes 
they are trapped in the proximal part of tubules where they are responsible for damage 
of radiosensitive parts. For this reason, our special interest is focused to possible 
approaches to reduce radioactivity retention in the kidney after radiolabelled peptides 
administration. 
Possible strategies reducing radioactivity uptake in the kidney includes 

1. besides generally known infusion of amino acids mixtures (Lys + Arg) which 
represents competition at the binding site, 

2. administration of drugs employing the same transport system (megalin/cubilin 
transporter) in the renal reabsorption (competition in the transport mechanisms), 

3. increasing of the radioactivity supply to the somatostatin receptor positive 
organs by reducing of glomerular filtration rate for example by captopril -
increasing AUC in the central compartment and maintaining the radioactivity 
passing through the kidney, 

4. employment of a partial extra-renal elimination of the radiopeptide 
(hemoperiusion, hemodialysis), 

5. reversible inhibition of receptor-mediated endocytosis in the proximal tubular 
cells of the kidney by inhibitors of HMG-CoA reductase. 

36 

http://laznickovaQfaf.cuni.cz


General information 
Name of presenting author: 
Address of presenting author: 

Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

Penelope Bouziotis 
Institute of Radioisotopes and Radiodiagnostic 
Products, N.C.S.R. "Demokritos" 
+30 210 6503683, +30 6973348788 
bouziotiO rrp.demokritos.gr 
Antibodies and therapeutic isotopes 

Kit formulation ol Bevaclzumab, an antl-VEGF monoclonal antibody, and 
consequent labelling with Rhenium-188: Initial In vftroand In vivo studies 
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Introduction: Target antigens uniquely expressed on neovasculature can provide an 
effective target for Mabs. One such target is Vascular Endothelial Growth Factor 
(VEGF). Bevacizumab (Avastin®) is a therapeutic antibody that is believed to work by 
targeting and inhibiting the function of VEGF. Avastin® is the first U.S. FDA approved 
therapy designed to inhibit angiogenesis. The aim of this study is the development of a 
novel therapeutic agent, ,a8Re-bevacizumab, which will enable the non-invasive imaging 
Ot VEGF bound to the tumors. Furthermore Rhenium-188, a beta-emitter, will act 
synergistically with bevacizumab and lead to more effective tumor eradication. 
Materials and Methods: Labeling of the thiol-modified antibody was performed by 
addition of slightly acidified perrhenate eluate to a lyophilized formulation containing the 
reduced antibody, sodium tartrate, ascorbic acid and stannous chloride. 
Immunoreactivfty of the labelled kit was assessed in each case. Biodistribution studies 
were performed in normal Swiss mice at 1, 4, 24 and 48 h p.i. 
Results: 188Re-bevacizumab was obtained with radiochemical purities of over 98% at 
1h after addition of perrhenate solution to bevacizumab lyophilized kits, at 22° C, while 
the immunoreactivity of the labelled antibody varied from 25-55%, depending on the 
method of antibody reduction. Colloid formation was found to be <2%. 188Re-
bevacizumab exhibited fast in vivo kinetics, with maximum radioactivity seen within 1 h, 
rapidly clearing over the following 48 h. 
Conclusions: The preparation of ,S8Re-bevacizumab from lyophilized formulations 
provides a simple, efficient and reproducible radiolabeling procedure, leading to high 
radiochemical yields. Studies in athymic SCID mice with U87 MG human glioblastoma 
cells, as well as MDA MB 231 cell lines transfected with VEGF are in progress. 
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Obtaining of '""Rh, an Auger emitter, Irom 1<nRu /"""Rh generator 
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"Nuclear Chemistry, Department of Chemical and Biological Engineering, Chalmers 
University of Technology, S-41296 Goeteborg, Sweden 

Due to very low photon/electron ratio 103mHh is very promising radionuclide for Auger 
electron therapy. ,03mRh has a relatively short half-life (56 min) and is produced via & 
decay of ,09Ru. The mother nuclide have half-lives of 39 days and can be used as 
generators for 103mRh. The goal of the present work is elaboration ot ™Ru/"B'"Rh 
generator for milking therapeutic quantities of """Rh. 
Ruthenium forms volatile tetraoxide after strong oxidation under acidic conditions which 
is soluble in organic solvents such as CCU, CHCI3 etc. and can be efficiency extracted 
from aqueous solutions Based on these properties of Ru04 we designed a Ru/laVnRh 
generator. 
After 36 h irradiation of a 50 mg metallic target 466 MBq of ,MRu was obtained. The 
irradiated target was dissolved in a mixture of NaOH and KI04. During the process, Ru 
is converted to RUO J- , which is, after acidification with HjS04, transformed into Ru04. 
The R11O4 formed was extracted to an organic phase. Milking of ,mRh was performed 
by shaking the organic phase with 10 ml of 0.5 M HN03 solution containing 0.2 mg ml'1 

of H5IOe. The traces of ,taRu in aqueous phase were additionally oxidized by HsIOsand 
effectively removed by evaporation. The separation process comprising 3 times solvent 
extraction with CCU and a subsequent evaporation of Ru04 gave separation factors 
between """"Rh and lt0Ru of more than 5x1 o3. 
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Twenty five years of experience In the production of molybdenum-99/technetlurn-
99m generators 
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Technetium-99m is due to its favorable nuclear properties already for years far 
the most important diagnostic radioisotope in nuclear medicine. It is estimated that it is 
used 
in about 80% of all imaging procedures. Due to its relatively short half-life of 6 hours, it 
is for the routine clinical practice obtained by using " M O J ^ T C generators. The 
predominant type - the chromatographic one, based on (n,f)wMo adsorbed on alumina, 
is the main source of " T c . It is simple and safe for handling and delivers high quality 
"Tc-eluates of large activities and radioactive concentrations. This type of generator 
has been developed also in the Laboratory tor Radioisotopes (Vinca Institute of Nuclear 
Sciences) and its routine production lasts now already over 25 years. The plastic 
column is with stainless steel and silicone tubing connected into the elution system. 
Elution is performed by using 0.9% NaCI (home-made) which is in portions of 3, 5 or 10 
ml, respectively, passed through the column by the action of vacuum. The generator 
operates in the "dry" mode. The generators are calibrated three days in advance in the 
activities of 3.7, 7.4, 11.1 and 18.5 GBq. The paper brings some details gained during 
the past period of production and use of these generators. 

The development of the generator contributed to the development of new and to 
improvement of the existing """Tc-radiopharmaceuticais. The paper contains also a 
brief review on the production and development program of the Laboratory in this field. 
The production of both the generators and the radiopharmaceuticals (cold kits) is 
closely connected with the routine quality control for which the Laboratory for 
Radioisotopes is accredited. 
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Some experiences in the development of the production of rhenium and yttrium 
for radionuclide therapy 
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While in the diagnostics technetium-99m ("Tc) is predominant, in therapy several 
radioisotopes are considered. Among them yttrium and rhenium, especially °°Y and 
IMRe, have an important place. They are beta emitters with half-lives of 64.1 and 17 
hours, respectively. 

Rhenium-188 can be obtained by direct neutron activation by using (n,-y) nuclear 
reaction but only low specific activity can be produced. An important advantage is that it 
can be produced from the 1B8W/ Re generators. The daughter ,B8Re is suitable for 
labeling of currently very interesting radiopharmaceuticals for use in several fields of 
application (bone pain palliation, tumor therapy, etc). 

The generator 18SW/1S8Re is intensively investigated. For its development and 
optimization needed are detailed investigations of the sorption processes. In the 
Laboratory for Radioisotopes (Vinca Institute of Nuclear Sciences) determined were the 
main parameters regarding the sorption of tungstate and perrhenate anions on alumina 
in the dynamic conditions. This includes the determination of the breakthrough and 
saturation capacities and column efficiencies of tungsten and rhenium on alumina under 
several experimental conditions. The experiments with low activities of rhenium 
radioisotopes are also included. 

The generator for the production of "Y is based on the long-lived parent 
radioisotope "Sr (T1J2 = 28.74 a). Several procedures on the parent-daughter 
separation are reported in the literature. The proper choice has yet to be chosen. 
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Recent developments In Y-90 labelling of different llgands for 
radiotherapy: the first experiences In Serbia 
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The interest for application of radiopharmaceuticals for the direct management of the 
cancerous and rheumatism's illness has increased during the last decade. Yttrium-90 is 
a clinically acceptable p-emitting radionuclide, useful for therapy. There is of special 
importance for the group in Vinca Institute to study the reaction conditions for complex 
formation of "Y with some ligands and evaluate the possibility for use of these 
complexes as therapeutic agents. In this purpose the reaction conditions for complex 
formation of MY with DPD, DMSA, as well as some colloids like antimony trisuifide or tin 
(II) colloid were examined. 

The direct labelling method was optimized by varying ligands concentration, pH, the 
reaction temperature and the reaction time. Analysis of the complex enclosed the 
radiochemical quality control methods, determination of pharmacokinetic parameters 
and biodistribution studies. 

The labelling efficiency was standardized to give the maximum yield, which ranged 
between 93 % and 99 % for ™Y-DPD and "V-DMSA. The labelling efficiency tor *Y-
antimony trisulfide colloid and *°Y-tin colloid was determined to be as high as 96 % and 
89 % respectively. The biodistribution data showed that "Y-DPD or *Y-DMSA was 
significantly accumulated in the bone tissue and remains there for a long time. 
Compared to "Tc-antimony trisulfide and MmTc-tin colloid, 90Y-antimony trisulfide and 
"Y-tin colloid showed much different biological behavior. The uptake of "Y-labeled 
colloids in the liver and spleen was significantly lower, but both "Y-labeled colloids 
showed higher uptake in bone. 

The experimental studies have shown that these compounds could be labelled in 
good yields and were found to be stable in investigated conditions. In the healthy rats, 
'nf-DPD and "Y-DMSA complexes appear to possess satisfactory biological 
properties. The promising results of the in vivo experiments suggested that both "Y-
anlimony trisulfide and °°Y-tin colloid also may be useful for therapeutic purpose. 
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LABELING OF DOTA-DERIVATIZED PEPTIDES WITH BETA-EMITTERS FOR 
TARGETED RADIOTHERAPY 
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The encouraging results of our previous studies on the labelling of DOTA-TATE with 
locally produced "Y and 177Lu (labelling yields >99%) allowed to develop a routine 
labelling procedure based on a pharmaceutical kit applicable in further clinical studies. 
This prompted us to look for other DOTA-derivatised peptidic analogs of different 
biological function: the Gastrin Releasing Peptide analog: DOTA-BN[2-14lNH2, the 
gastrointestinal analog: DOTA-Minigastrin and the neuropeptide analog: DOTA-
Substance P (piChem). For the labelling we used 90Y (N.C.A) and 177Lu (CA, S.A: 15 
Cl/mg Lu), produced at the Radioisotope Centre POLATOM, Poland. The same protocol 
as developed tor labelling of "WYu-DOTA-TATE was used tor evaluation of their 
labelling yield and specific activity. The labelling was performed at pH 5-5.5 using 
ammonium acetate buffer and ascorbic acid as a stabiliser. In vitro studies included the 
stability at room temperature and when incubated to human serum for various time 
points. The optimum S.A achieved for "Y labeled analogs were 67.3 GBq '"Y/umol 
DOTA-BN[2-14]NH2, 217.4 GBu "Y/umol DOTA-Minigastrin and 96.2 GBq "Y/umol 
DOTA-Substance-P. As for l71Lu labeled analogs the optimum specific activities 
achieved were 33.6, 61.7 and 30.8 respectively. The obtained labeling yields were 
higher than 95%. All three derivatives labeled with "°Y and '"Lu were stable for at least 
24 hours post labeling at R.T. Labelled DOTA-BN[2-14]NH: and DOTA-Minigastrin with 
both "Y and ,77Lu were stable for up to 24 hours when incubated to human serum in 
contrast to "Y-DOTA-Substance-P which showed decomposition even at ih post 
incubation. The labelling procedures resulted in the preparation of tracers suitable for 
further comparative in vitro and in vivo studies. 
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"Experiences with nGa- labelling of peptides using different strategies" 
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"Ge/^Ga generators provide cyclotron-independent Ga-68 for synthesis of MGa-
labelled compounds for PET. Here we describe a fully automated approach for the 
synthesis of "Ga-labelled DOTA-TOC with pre-concentrated and purified generator 
eluate by using a cation exchange-cartridge and its comparison with a direct method 
based on fractionated elutlon. 
"Ge/^Ga Generator (Eckerta Ziegler, Germany, 1209 MBq) was eluted with 0.1 M HCI 
through the cation exchanger cartridge. After preconcentration and purification of the 
generator eluate, Ga-68 (III) was eluted with 98% acetone/0.05 HCI and added to 0.5 M 
HEPES buffer (pH 3.9) or pure water containing DOTATOC, direct labelling was 
performed after collection of the eluate in acetate buffer. The solution was heated and 
transferred to a pre-conditioned C1S reversed phase cartridge for purification. All steps 
were done with fully automated radiopharmaceutical synthesis device based on a 
modular concept (Eckert& Ziegler, Germany). 
RPC was determined by ITLC and RP-HPLC. Metal contents, Ge- 68 breakthrough of all 
products, the overall decay and non-decay corrected reaction yields were calculated. 
Radiochemical purity increased with peptide amount. Under same conditions labelling in 
water required additional heating (1 Omin) as compared to the HEPES buffer. Reaction 
times were for water synthesis, HEPES buffer and direct method 24, 20 and 1 imin 
respectively. The amount of Ge-68 in all products was below 20 Bq. 
"Ga- DOTA-TOC could be prepared using different strategies in a fully automated 
system. The advantage of preconcentration with higher yields and removal of ^Ge is 
partly compensated by longer synthesis times and requirement for testing on Acetone 
and HEPES. 
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Experiences with the "Go^Ga generator, developments In ™Ga labeling of 

DOTA-TATE 

D. Pawlak, R. Mikołajczak 
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The ""Ge/^Ga generator (Eckert&Ziegler, Germany) of rather low nominal 

activity of 0.55 GBq was evaluated with a goal to use it for °*Ga labeling of DOTATATE 
for PET assessment of neuroedocrine tumors. Several elutions of the generator have 
been carried out followed by experiments on mGa labeling of DOT AT ATE, all according 
to the manufacturer instruction. Since a very sthct regime of labeling conditions is 
required in order to achieve high labeling yields, it seems to be very demanding for the 
personnel lacking experience with KGa. In this paper we would like to share our 
observations from the user point of view related to this first experience, which resulted 
in the modification of labeling method. For labeling 40 ug DOTATATE (piChem, Austria) 
was used dissolved in 0,7 ml 1,25 M AcONa to which 7 ml of generator eluate was 
added giving final pH of about 3.7. Incubation was carried out at various temperatures 
from 93 to 123°C for 15 min using heating oven. Final product was purified using C-18 
0.1 mg column, each time new cartridge. The radiochemical purity was assessed by 
TLC and HPLC. 
The total labeling yields in the range 60.07 to 68.54% were obtained in 5 consecutive 
runs (calculated as percent of "Ga-DOTATATE fraction radioactivity related to the 
radioactivity of eluate used for synthesis, no time correction). The labeling yields in the 
range of 60-70% are satisfying however still there is space for improvements. The pH of 
the radiolabel and purity of all the reagents used in the process influence the labeling 
yield. We recommend to use high purity grade reagents and to exchange C-18 column 
frequently, ideally to use a new column at each labeling run. The higher labeling yields 
are obtained when the total reaction volume is not more than 3-4 ml, however in case of 
insufficient ™Ga eluate radioactivity, as it was in our experience, the whole elution 
volume can be used with no need for pre-concentration. 
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Radionuclides with medium energy beta emission and a several day half-life are 
attractive candidates for radioimmunotherapy. Among the most promising in this 
category is 47Sc. The methods of production high activities of ,7Sc was already 
described. Enriched 47Tt02 or Ti metallic foil targets were irradiated with high energy 
neutrons (E„>1 MeV) to produce ""Sc via the 47Ti(n,p)47Sc reaction. Authors also 
developed a new separation scheme based on dissolution of Ti02 target in hot 
concentrated H2S04 and slow evaporation of the solution. For isolation of 47Sc authors 
used TBP extraction and/or ion chromatography with elution with HCI, acetate or 
HC1/HF solution. To avoid slow dissolution and complicated separation process we 
propose new method based on dissolution of Ti02 in concentrated HF solution and 
simple separation of "Sc. For reason of availability we used in experiments the "Sc 
nuclide instead of "Sc. The separation process is presented on the scheme. 

Target dissolution 
TiOi- cone HF 
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ł 
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cation exchange resin 

elulion of *Sc 
0,5 M sodium aceittfe 
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The proposed method ol separation ol no-carrier-added scandium from neutron-
irradiated titanium is fast and simple. More experiments for improving separation 
conditions and experiments with irradiated TiOz targets are planed. 
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The radioisotope "Sc is a positron emitter (94%, 3.92 h), which is of interest for use in 
medical imaging applications [1,21- Therefore, a generator system consisting of a solid 
matrix on which the **Ti is fixed and a mobile phase carrying the **Sc was developed. 
The 5mCi of **Ti was produced in via "*Sc(p,2r\)*,T\ reaction. Separation of nca 4*Ti 
from "cold" scandium was carried out using ion exchange chromatography. Purified **Ti 
and 47Sc were analysed in terms of adsorption behaviour on anion and cation exchange 
resins utilizing hydrochloric acid/oxalic acid mixtures. 
In order to prepare a first generator, **Ti was evaporated to dryness and dissolved in 20 
ml of 0.1 M H2C2O4. The solution was transferred onto an anion exchange column (Bio-
Rad AG 1x8, 200-400 mesh, V=0,55mL) with "Ti being adsorbed quantitatively. "Sc is 
eluted by 20mL of a mixture of 0.005 M H2C:!O4/0.07 M HCI. 
To reduce the volume of the "Sc eluate, a 3-valves cartridge with 53 mg of cationic 
resin Bio-Rad AG 50Wx8 was connected with the generator. The eluate passes through 
the cartridge and "Sc is adsorbed on the cationic resin, from which it can be eluted by 2 
mL of 0.25 M ammonium acetate, pH = 4.0-4.5. This solution is ready for labelling. 
Optimisation of the reaction conditions for labelling of DOTATOC with "Sc was 
performed varying period and temperature of heating, addition of various amounts of 
DOTATOC and pM of the reaction mixture. Best labelling yield (around 96%) was 
obtained when the sample was heated at 95°C for 30min at pH = 4.0, at 21 nmol 
concentration of DOTATOC. 

£1] F. Rósch, Radionuklid-Generatorsysteme fur die PET. Der Nuklearmediziner. (2004) 
27, 226-235. 

[2] F. Rósch, F.F. (Russ) Knapp. Radionuclide Generators. In: A. Vertes, S. Nagy, Z. 
Klencsar, F. Rósch (eds.), Handbook of Nuclear Chemistry- Vol. 4, pp 81 -118, 
2003, Kluwer Academic Publishers, The Netherlands 
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8"At-is one of the most promising alpha emitter that has, so far, been studied for cancer 
therapy. This isotope is produced in the cyclotron via !<BBi(a,2n)2,1At reaction and has 
a 7,2b half-life that allows sufficient time for its production, synthetic chemistry, quality 
control, transportation and medical application. 
Our work is focused on finding a stable precursor for further labeling of biomolecules by 
:nAt. Our idea is to attach astatide anion to soft metal cations, which are complexed by 
Afunctional ligand. We decided to use rhodium and iridium, because they are 
moderately soft metal cations, which should form very strong bond with the soft 
astatide. The high kinetic inertness of the low-spin d6 Rh(lll) and ir(lll) complexes is also 
additional advantage for the formation of stable conjugate. Macrocyclic sulfur ligand 
l,5,9,13-tetrathiacyclohexadecane-3,11-diol was chosen lor model studies due to 
formation stable complex with Rh(lll) and possibility of further modification to a 
bifunctional chelate ligand. Complexes Rh[16S4-diol]2 At and lrf16S4-diol]211At were 
synthesized in high yield in a one-step procedure and the products were characterized 
mainly by paper electrophoresis and reversed-phase HPLC. Formation and the yield of 
the complexes were estimated by paper electrophoresis, ion exchange, TLC and HPLC 
methods. Paper electrophoresis analysis indicated expected cationic character of the 
complexes. Reversed phase HPLC and Sep-Pak (C18) columns were used to isolate 
the complexes from synthesis solution. 
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Determination of cltotoxlctty Induced by reactive oxygen species after 
experimental tumors treatment with radiolabeled anti-VEGF monoclonal 

antibodies. 

Maria luiiana GRUIA. Valentina NeGOlTA, Monica VASILESCU, Dana NICULAE', 
Valeria LUNGU*, Rodtca ANGHEL e-mail iulianagruiaQyahoo.com 

Institue of Oncology Bucharest Romania 
* National Institute of Physics and Nuclear Engineering Bucharest Romania 

Introduction Oxidative stress can activate numerous intracellular signaling pathways 
via ROS-mediated modulation of various enzymes and critical transcription factors. The 
aim of our experimental in vivo study is to establish the mechanisms when the tumor 
cells switches to an angiogenic phenotype by changing the local equilibrium between 
positive and negative regulators of angiogenesis, starts to grow rapidly and becomes 
clinically detectable. 
Materials and methods We investigated tumor bearing rats (with RS1 hepatoma and 
Walker 256 carcinoma) in the dynamic of the treatment with 198Re-anti-VEGF-
monoclonal antibody. We follow some biochemical parameters of oxidative stress such 
as lipid peroxides level, copper-oxidative activity of ceruloplasmin, total -SH group 
level, ability of plasma to reduce the iron in the dynamic of treatment with 
radiopharmaceuticals. 
Results and conclusions Our results show an increase of the oxidative parameters in 
the plasma, tumoral and liver tissues after the administration of radio labeled 
substances as a consequences of initiation of citotoxicity mediated by free oxygen 
species. When they are in small concentration, ROS can initiated the angiogenesis 
pathway and after the new vessel is formed the oxygen presence can be a benefit in the 
radiopharmaceutical action to induce the target tumoral cell damage. 
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Fluorescent radlolaoelled porphyrin complexes of Cu(ll). Ga(W) and Infill) for 
targeted In vitro and In vivo studies 

P. A. Waahom'. J. H. Dilworth*' and B. Comelissen* 

'Chemistry Research Laboratory, University of Oxford, UK 
department of Radiation, Oncolgy and Biology, University of Oxford, UK 

Integral to the targeted delivery of PET and SPECT radioisotopes is a Afunctional 
Ugand which must provide both potential towards functionalisation and a stable binding 
environment for metal encapsulation. 
Porphyrins are of interest as ligancte for radiomelal delivery as a result of their non-
toxicity, stable binding of metals in the central 
core, straightforward derivatisation and 
intrinsic fluorescence.' Porphyrins have long 
been investigated for their role as Photo 
Dynamic Therapy agents and radiolabelling 
studies have revealed strong accumulation in 
tumour tissue.2 

We present the synthesis of a series of stable 
Cu, Ga and In metalloporphyrins with a 
variety of targeting entities. These include 
nitroimidazoles and bis(thiosemicarbazones) 
for hypoxic selectivity, sulphonamides for 
Carbonic Anhydrase IX receptor binding3 and 
Epidermal Growth Factor for receptor induced 
tumour cell internalisation.* 
We show that these complexes can be 
readily radiolabelled and in the case of Cu a novel solid supported technique has been 
developed to achieve rapid clean radiolabelling. High stability in serum is observed over 
24 hours. 
The intrinsic fluorescence of the proligands and the Ga and In complexes allows the in 
vitro uptake and intracellular distribution to be observed using confocal microscopy. 
The results reported here highlight a class of compounds which show interesting 
potential for further in vivo studies 01 their biodistribution and selectivity. 
1. H. Ali and J. E. Van Lier, Chemical Reviews (Washington. D. C), 1999, 99, 2379-2450. 
2. S. Nakajima, T. Takemura and I. Sakata, Cancer Letters (Shannon, Ireland), 1995, 92. 

113-118. 
3. A. Cecchi, A. Mulikova, J. Pastorek, S. Pastorekova, A. Scozzafava, J.-Y. Winum, J.-L. 

Montera and C. T. Supuran, Journal of Medicinal Chemistry, 2005,48,4834-4841. 
4. K. E. Bailey, D. L. Costantini. Z. Cai, D. A. Scollard, Z. Chen, R. M. Reilly and K. A. 

Vatlis, Journal of Nuclear Medicine, 2007,48,1562-1570. 

R - CH, N. C-SO,H. M - Cu. OtCUnCt. T - T a i e f t * r ^ a 

Fipn I tec moDf of porphjłn, b«*d bfincUaMl chriHsf 
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Dosimetry & Radiobioiogy - The Royal Marsden experience 

G.D.Rux 

Royal Marsden Hospital (RMH) & Institute of Cancer Research (ICR), Surrey, UK 

Clinical dosimetry studies at the RMH and ICR have included the use of 1-131 mlBG to 
treat neuroblastoma, with and without concomitant chemotherapy, 1-131 mlBG and Y-
90 DOTATOC to treat adult neuroendocrine tumours and the application of Re-186 and 
Ra-223 to treat bony metastases from prostate cancer and 1-131 Nal for the treatment 
of thyroid cancer. Accurate dosimetry has enabled patient-specific treatment of adult 
and neuroendocrine disease, whereby patients have been treated to a maximum of 2 
Gy whole-body dose without stem-cell support or a cumulative dose of 4 Gy with stem-
cell support. 

At a more fundamental level, modelling has been performed to determine the effect of 
non-homogenous distributions of activity at a multicellular scale by calculating survival 
fractions as a function of the degree of non-uniformity and the radionuclide. It was found 
for example that in the case of a distribution of Y-90 at the edge of a multicellular cluster 
survival probability increased from 46% for a concentration of 0.1 MBq/cc to 93% for a 
concentration of 0.01 MBq/cc. 

Monte-Carlo modelling has been developed for the characterisation of gamma cameras, 
and for the distribution of absorbed dose at both the microscopic and macroscopic 
scale. Backscatter dose factors have been determined for bone-tissue interfaces which 
can have a significant effect on the distribution of the absorbed dose deposition for 
treatment of bony metastases. We have also investigated the radiobiological 
consequences of combining radionuclide therapy with external beam radiotherapy to 
indicate that this approach can offer a significant improvement over either treatment 
given in isolation. 
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Patient-specific dosimetry In Lund 

Michael Ljungberg, Katarina Sjogreen-Gleisner, Ola Linden1, Karin Wingdrdh, David 
Minarik, Manias Nickel and Sven-Erik Strand. 

Department of Medical Radiation Physics and 'Department of Oncology, Lund 
University Hospital, Lund, Sweden. 

The aim of the talk is to describe the recent developments in Lund regarding 3D patient 
specific dosimetry. This includes methods for image based activity quantification and 
non-ridgid image registration. The methods is mostly written in IDL and put together into 
a package called LundADose. A non-rigid registration method is currently being 
evaluated. It is based on free-form deformations, determined by CT-CT registration and 
subsequently applied for fusion of serial SPECT images. 

The present application is a newly started clinical trial of high-dose Zevalin™ therapy 
in combination with stem cell support. The therapy activity will be based on a dosimetry 
study of 1"ln labeled Zevalin™ in which the absorbed dose to liver, lungs and kidneys 
are calculated. The dosimetry study includes 6 WB acquisitions, a transmission study 
measured by a fast X-ray scan, and 6 combined SPECT/CT studies. SPECT data is 
corrected for scatter, attenuation and collimator response. From quantitative 1l1ln 
SPECT images, absorbed dose images of °°Y are calculated by numerical integration 
pixel by pixel basis accounting for differences in half-life. Based on estimated absorbed 
dose per unit administered activity (mGy/MBq) for "V the amount of activity for the 
therapy will be given with dose escalation starting at 12 Gy to the liver. The "Y therapy 
will be monitored by 6 bremsstrahlung SPECT/CT studies. Quantitative bremslrahlung 
"°Y SPECT imaging is under development with validation by phantom measurements 
and Monte Carlo simulations. A separate aim is to investigate potential differences in 
blokinetics for 1"ln Zevalin™ and *Y Zevalin™. 

53 

mailto:michaelljungberg@med.lu.se


General Information 
Name of presenting author: 
Address of presenting author: 
Telephone of presenting author: 
E-mail of presenting author: 
Topic category: 

Glatting, Gerhard 
Robert-Koch-Str. 8, D-89081 Ulm, Germany 
+49(0)731 500 61340 
Gerriard.Glatting@uni-ulm.de 
WG3: Dosimetry & Radiobiology 

RET and Leukaemia: Dosimetry and Modelling 

Gerhard Glatting, Peter Kletting, Sven N. Reske 

Klinik fur Nuklearmedizin, Universitat Ulm, Ulm, Germany 

Radioimmunotherapy (RIT) in leukaemia is performed in Ulm using Y-90 labelled anti-
CD66 and anti-CD45 antibody. Here we present the biodistribution of ln-111 -labelled 
anti-CD45 antibody (YAML568) in humans. 
Methods: Five patients undergoing bone marrow transplantation received YAML568 
labelled with 122±16 MBq of ln-111 intravenously followed by serial blood sampling, 
urine collection, and conjugated view planar -^camera imaging up to 144 h after 
injection. All patients received a preloading dose of 30-47 mg (0.5 mg/kg, 30 min p.i.). 
Dosimetry was performed using ULMDOS. Time-activity curves were obtained using 
region-of-interest analysis in the accumulating organs. A physiologically based 
pharmacokinetic model was developed to describe the biodistribution. The transport of 
antibody to the organs of interest via blood flow, competitive binding of unlabsllsd and 
labelled antibody, degradation and excretion of antibody and physical decay were 
included in the model. Based on the estimated parameters, simulations for 0-534 nmol 
preload of unlabeled antibody were conducted and the organ residence times were 
calculated. Radiation-absorbed doses for each organ were calculated using 
OLINDA/EXU. 
Results: The estimated radiation-absorbed doses for red bone marrow, spleen, liver, 
kidney, and total body were 6.4±1.2, 19±5, 3.9±1.4, 1.1 ±0.4, and 0.6±0.1 mGy/MBq, 
respectively. The optimal amount of unlabelled antibody identified by simulations of the 
fitted PBPK model would have improved the ratio of the residence times red marrow to 
liver by a factor of 1.6-3.5. 
Conclusion: The YAML568 antibody is suitable for delivering selectively radiation to 
haematopoietic tissues when labelled with Y-90. Its efficacy can be considerably 
increased when using the optimal preload. 
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New Descriptors of Radiation Quality based on Nanodoslmetry 

S. Pszona 

Andrzej Soltan Institute for Nuclear Studies, Swierk/Otwock, Poland 

A short overview of the latest developments In experimental nanodosimetry based on 
the set up called "Jet Counter",JC is presented. JC is an unique nanodosimetric device 
used for experimental studying the formation of ionization clusters by single charged 
particle crossing a nanometric volume. Here it was assumed that the frequency 
distributions of ionization clusters formed in the specified gaseous nanometric sized 
sites are equivalent to such distributions at short segment of DNA (or more complicated 
forms i.e. nucleosome .chromatin© fibre ). Furthermore it is assumed that the liquid 
water cylinder with nm size is an acceptable substitute for DNA from the point of view 
of the basic physical interactions. A gaseous nano-site is scaled to liquid water 
equivalent nano- site( for nitrogen and propane ). Therefore a frequency distributions 
of ionization cluster within a specified nano site in nitrogen by a charged particle can be 
assumed as basic stochastic descriptor of radiation action on DNA structures. From the 
point of view of radiation damage to DNA , the frequency distribution of forming cluster 
size equal to 1 and the cumulative frequency of cluster size equal or higher than 2 are 
of particular importance for interpreting of single and double strand brakes in DNA. 
Based on frequency distributions of ionization clusters the two other nonstochastic 
descriptors are derived, namely: the first moment of frequency distribution as well as the 
cumulant of a distribution. 
The example of the measured frequency distributions for alpha particles and low 
energy electrons for DNA equivalent nanosites will be presented. 
The presented method and device can be used as a tool for elucidating the radiation 
damage patterns connected with targeted radiotherapy with a specific radionuclide. 
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Targeted Radionuclide Therapy in Coimbra 
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PORTUGAL 

The Nuclear Medicine Department was founded in 1989, as a small independent 
department, at Coimbra's University Hospital and , after years of investment, has grown 
to become one of the largest Nuclear Medicine departments in Portugal, with activities 
in patient care, teaching and also in research. 
In 1993 the therapeutic section was created, and during the early period only 131-lodine 
sodium iodide was used for the diagnosis and treatment of thyroid diseases. With two 
isolation rooms, more than 1000 in-patient therapies have been performed over the last 
years, most of them for thyroid cancer. Others therapeutic procedures are now 
undertaken including 32-P therapy for primary polycythemia, 90-Y colloid for knee 
radiosynoviorthesis, 89-Sr and 153-Sm-EDTMP for palliative painful bone metastases, 
131-l-mlBG treatment of some neuroendocrine tumours and 131-1 therapy for 
thyrotoxicosis and compressive goitres. 
At present, strategy with respect to the treatment of differentiated thyroid cancer consist 
mainly of the administration of fixed standard activities of 131-1 (3700MBq). For 
thyrotoxicosis we use a simple calculation method based on the 24 hours radioiodine 
uptake and on estimation of thyroid mass, using planar image obtained 20 minuts after 
e.v. administration of 99m-Tc. 
Future alms include the use of other therapeutic procedures and a dosimetry-based 
approach to treat high-risk differentiated thyroid cancer patients, specially those having 
metastatic disease, and that's why we recognize the importance of participating in this 
COST meeting. 
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The Nuclear Medicine Department, at Coimbra's University Hospital, is primarily 
devoted to patient care, but also has activities in teaching and research. The 
department is equipped with, two therapeutic rooms for ,a i l therapy (we perform about 
100 procedures per year), one external probe for thyroid uptake measurements, seven 
gamma cameras (one with 1 inch detectors and CT for attenuation correction and 
anatomical localization) and a PET/CT scanner. 
The department has conditions, legal and technical, to perform several therapeutic 
procedures including ^P therapy for primary polycythemia, MV colloid for knee 
radiosynoviorthesis, *Sr and ,MSm-EDTMP for palliative painful bone metastases, 1 3 1 l -
MIBG treatment of some neuroendocrine tumours and ,3'l therapy for thyrotoxicosis and 
compressive goitres, also it has participated in the ZEVALIN clinical trial. 
Recently some steps have been done to gather the data and processing tools required 
to perform patient dosimetry. Namely a radiation detector was installed in the ceiling's of 
each room, continuously registering the patient exposure rate. Also a software 
application was develop for performing automatic image registration of 3 or more SPET 
datasets and calculate the 3D cumulative activity distribution. 
It's our objective to further implement and use patient dosimetry, but to achieve this goal 
we should follow standard procedures (allowing for multicenter data comparison and 
exchange). That's why we consider very important participating in this COST action. 
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Biokinetic and radiopharmaceutical studies for Internal dosimetric evaluations In 
metabolic radiotherapy; two cases at ENEA - Radiation Protection Institute: 

[153Sm]Sm-EDTMP and [90Y]-lbrltumomab tluxetan. 

D. Arginelli1, S. Ridone', L. Vigna2 

'Italian National Agency for New Technologies, Energy and Environment-EIMEA, 
Research Centre of Saluggia, Radiation Protection Institute, strada per Crescentino 41, 
13040 Saluggia (VC)-ltaly, University of Studies of Turin, via P. Giuria 1,10125Torino-

Italy. 

The radiopharmaceutical [,HSrn]Sm-EDTMP is normally used for painful bone 
metastases originated from different primary tumours. Since main side effects are 
caused by decreasing of circulating platelets and leukocytes, due to bone marrow 
irradiation, it is important to calculate accurately the absorbed dose to target and critical 
organs. For a suitable dosimetric model it is necessary to understand the biokinetic of 
the radiocompound, which can be different from a patient to another owing to biological 
diversity and pathological conditions. In a heterogeneous group of patients we have 
calculated some important pharmacokinetic parameters useful to describe the in-vivo 
kinetics of f,53Sm]Sm-EDTMP. 
The experience made in this field lead us to propose a project, in the FP7, about a 
biokinetic and dosimetric study of Ol-lbritumomab Tiuxetan in non-Hodgkin's 
lymphoma radioimmunotherapeutic treatment. Until now biokinetic and dosimetric 
studies were conducted using biodistribution data of [1"lnl-lbritumomab tiuxetan, 
presuming that in-vivo stability and behaviour were the same as ["YJ-lbritumomab 
ttuxetan. Since "' In is a y-emitter, body imaging has always been the most used 
technique and "V dose is always calculated using a correction factor to pass from ' " in 
to "Y. AS *Y and "'In are similar only in a preliminary approach a deeper study is 
required to investigate how much their in-vitro and in-vivo stability can vary. In this work 
we propose to elaborate a simplified dosimetric model for ["Yl-ibritumomab tiuxetan, by 
measuring directly its p activity, as well as to study its biokinetics through experimental 
measurements, of blood and urine samples, through liquid scintillation techniques. 
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Red Marrow Dosimetry and Peripheral Blood Stem Cell Relnfuslon In High Activity 
Treatments with "Y-lbrltumomab Tluxetan (Zevalin®) - The Milan Experience 

Marta Cremonesi, Anna Vanazzi, Chiara Grana, Mahila Ferrari, Giovanni Martinelli, and 
Giovanni Paganelli 

Istituto Europeo dl Oncologia, Milano, Italy 

Purpose: The absorbed dose to the red-marrow (RM) is crucial in radioimmunotherapy 
with Zevalin, especially when administered at myeloablative activities. Dosimetric 
methods (blood) and alternative approaches (image analysis, marrow aspirations (MA)), 
were introduced in order compare RM doses and to evaluate the best timing for 
Autologus Stem Cells Transplantation (ASCT). ASCT is conventionally considered at low 
risk when the dose to reinfused stem cells (rSC) is <50 mGy. 
Methods: Twenty-six patients affected by resistant/refractory B-cell NHL were enrolled in 
a phase l/lI study of high activity Zevalin therapy followed by ASCT. The activities 
administered were: 30 MBq/kg (4pts); 45 MBq/kg (4pts); 56 MBq/kg (18pts). Patients 
underwent dosimetry with "'In-ibritumomab-tiuxetan; ASC were reinfused 13 days after 
therapy. The absorbed dose to RM and to rSC was estimated based on the activity 
evaluated in serial blood samples, L2-L4 vertebrae (planar imaging), and MA. 
RESULTS: Considering ACST after 13 days, the median(range) dose to rSC was 11(4-
28) mGy with the blood method. Based on the MA method, the dose to rSC was 25(9-
69) mGy. Despite bone marrow biopsy was negative in all patients, scintigraphies 
showed spine marrow uptake in almost all patients. Based on imaging, the dose to rSC 
was 27(8-76) mGy. 
Conclusion: Although MA and imaging methods are affected by uncertainty (blood 
contamination of MA, difficult L2-L4 uptake quantification), both indicate comparable 
results, suggesting that the blood method may underestimate the RM dose. In patients 
receiving >45 MBq/kg of Zevalin it is not advisable to anticipate ASCT before 13 days. 
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Improving the blodistribution of antl-HER2 Affibody molecules by chelator 
engineering 

Anna Oriova1*, Toruń Ekblad3, Thuy Tran2, Charles Widstróm2, Joachim Feldwisch1,2, 
Lars Abrahmsen1, Anders Wennborg2, Amelie Eriksson Karlstróm3, Vladimir 

Tolmachev,,J! 

1 Affibody AS, Bromma, Sweden; 2. Uppsala University, Uppsala, Sweden;3. Royal 
Institute of Technology, Stockholm, Sweden 

A small size (7 kDa) combined with high stability and affinity makes Affibody molecules 
a versatile platform for selection of targeting agents for molecular radionuclide imaging 
and therapy. Extensive studies on the influence of labelling chemistry on biodistribution 
were performed using derivatives of the Affibody molecule ZHER23«, binding HER2 with 
high affinity (Ko=22 pM). 
Mercaptoacetyl-containing peptide-based chelators were introduced at N-terminus of 
synthetic ZHM>:3«, and labelling with T c and 1sw1MRe investigated. Chelators 
containing glycine, serine, glutamic acid and lysine residues in different combinations 
were investigated, showing that exchange of just a single amino acid in the chelator 
sequence can have a profound influence on excretion pathway and on renal retention of 
radioactivity. 98mTc-maESE-ZHER2:*K and ""Tc-maSKS-ZHEnaw! were the most suitable 
tracers for visualisation of HER2 expression in tumours, providing uptake of about 10% 
lA/g and a tumour-to-blood ratio of about 50 in nude mice bearing SKOV-3 xenografts, 
at 4 h pi. 
ia6Re-maGSG-ZHEFK:3« was the most promising tracer for radionuclide therapy. Tumour 
targeting in nude mice bearing SKOV-3 xenografts was shown to be specific by 
blocking experiments with excess unlabeled HER2-binding Affibody molecule. Twenty-
four hours after injection, the tumour uptake was 5.9 ± 0.5 %IA/g, exceeding the 
concentration in blood > 500-fold, and the uptake in kidney about 8-fold. A preliminary 
dosimetric evaluation suggests that the absorbed dose to tumour is exceeding the dose 
to kidney approximately 5-fold. 
In conclusion, mercaptoacetyl-base chelators might be used not only for stable 
attachment of technetium and rhenium isotopes, but also for modification of the 
biodistribution of scaffold proteins. 
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Modelling metastatic cure probability 

Modelling metastatic cure might give important information of different parameters 
relative influence on the cure rate. Several different factors will influence metastatic 
cure, e.g. number and size of tumours, radiosensitivity of tumours and activity 
concentration over time. This presentation will describe some of the research within this 
field at Sahlgrenska, Goteborg, Sweden. The clinical research at Sahlgrenska are 
mainly focused on 177Lu-DOTATATE for somatostatin receptor positive tumours, 
radioembolisation with eoY-spheres for liver tumours, 2,1At-antibodies for ovarian 
cancers and MSr,mSm, ^ R a for skeleton metastases. For these cancers the tumour 
growth are estimated by our recently developed specific growth rate (SGR) model; and 
based on the SGR model the tumour distributions are estimated. The estimated tumour 
distributions are used for theoretically studies on various factors influence on metastatic 
cure probabilities (MCP). Especially important is it to further study how radionuclide 
therapies combined with other therapy modalities can increase MCP. 
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