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1.   Introduction 
 
Radionuclide therapy (RNT) employing radiopharmaceuticals labelled with β- 

emitting radionuclides is fast emerging as an important part of nuclear medicine.  
Radionuclide therapy is effectively utilized for bone pain palliation, thus providing 
significant improvement in quality of life of patients suffering from pain resulting from 
bone metastasis. Targeting primary diseases by using specific carrier molecules labelled 
with radionuclides is also widely investigated and efficacious products have been 
emerging for the treatment of Lymphoma and Neuroendocrine tumours. 

In order to ensure the wider use of radiopharmaceuticals, it is essential to carefully 
consider the choice of radionuclides that together with the carrier molecules will give 
suitable pharmacokinetic properties and therapeutic efficacy. The criteria for the 
selection of a radionuclide for radiotherapy are suitable decay characteristics and 
amenable chemistry. However, the practical considerations in selecting a radionuclide for 
targeted therapy are availability in high radionuclidic purity as well as high specific 
activity and low production cost and comfortable delivery logistics. 177Lu is one of the 
isotopes emerging as a clear choice for therapy. Worldwide, the isotope is under 
investigation for approximately 30 different clinical applications, including treatment of 
colon cancer, metastatic bone cancer, non-Hodgkin’s lymphoma, and lung cancer.  

177Lu decays with a half-life of 6.71 d by emission of β- particles with Emax of 497 
keV (78.6%), 384 keV (9.1%) and 176 keV (12.2%). It also emits γ photons of 113 keV 
(6.4%) and 208 keV (11%), that are ideally suited for imaging the in-vivo localization 
and dosimetric calculations applying a gamma camera. The physical half-life of 177Lu is 
comparable to that of 131I, the most widely used therapeutic radionuclide. The long half-
life of 177Lu provides logistic advantage for production, QA/QC of the products as well 
as feasibility to supply the products to places far away from the production site. 

Patients suffering from breast, lung and prostate cancer develop metastasis in bone 
in the advanced stage of their diseases and therapeutic radiopharmaceuticals such as 
153Sm-EDTMP and 89SrCl2 are used effectively for pain palliation due to skeletal 
metastases. Despite the fact that the above bone pain palliating agents give good clinical 
results; their wider use has met with practical difficulties. Though 153Sm can be prepared 
in adequate quantities in medium flux reactors, its short half life (47 h) is the major 
disadvantage. It is essential to handle large quantities of activity to compensate for decay 
losses, during production and delivery of the radiopharmaceutical. In the case of 89Sr, 
there is very limited capacity for production due to the very low cross section making this 
product expensive and unaffordable for many patients. It is expected that a 177Lu based 
bone palliating agent will offer the same clinical efficacy without the disadvantages 
mentioned above.  Currently there is good published data available on the production of 
177Lu and the preparation of phosphonates based radiopharmaceuticals which show high 
bone uptake.    

177Lu produced in the low to medium flux research reactors available in the MS can 
be used for bone pain palliation. High specific activity 177Lu that is prepared in high flux 
research reactors is needed for radiolabelling antibodies and peptides. These antibodies 
introduced to patients alone or in conjunction with 90Y products are showing promising 
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results in clinical trials. Large quantities of high specific activity 177Lu can be prepared by 
irradiating enriched targets in high flux research reactors and hence, in the long term the 
cost of high specific activity 177Lu should come down to reasonable levels. The wider 
availability of 177Lu will make it feasible for the production of therapeutic 
radiopharmaceuticals with lower cost ensuring higher availability in MS.  

The CRP “Development of Therapeutic Radiopharmaceuticals Based on 177Lu for 
Radionuclide Therapy”aims at developing therapeutic radiopharmaceuticals for bone 
pain palliation and targeted therapy of cancer.  
 
2.    Overall Objective: 

 
The overall objective of the CRP is to generate know how and expertise in 

participating laboratories for the production and radiochemical processing of 177Lu and 
the preparation of therapeutic radiopharmaceuticals with it.  

 
3.  Specific Research Objective: 

 
 The specific objectives of the CRP are outlined below: 
 
• Development of technology for the production of 177Lu in the research reactors 

and its radiochemical processing. 
• Development of technologies for the production and QA/QC of bone pain 

palliating agents using 177Lu and phosphonate ligands 
• Development of a cold kit formulation of EDTMP for radiolabelling with 177Lu 

for achieving harmonized protocol for the clinical use of a 177Lu-EDTMP as bone pain 
palliating agent  

• Develop appropriate protocols for QA/QC studies and biological evaluation of 
the radiopharmaceutical 

• Development of 177Lu based primary cancer specific radiopharmaceuticals 
using carrier molecules such as antibodies (antibodies against EGF, PSA, Tenascin and 
Lymphoma cells) Peptides (Somatostatin analogs, substance-P, bombesin analogs / 
antagonists ) 

• Development of 177Lu-Lipiodol for the treatment of hepato cellular carcinoma 
(HCC) 

 
4.   Expected Research Outputs (Results): 

 
At the end of the CRP it is envisaged that the participants would have the requisite 

know-how and expertise for: 
• Preparation of 177Lu isotope (medium and high specific activity) suitable for 

bone pain palliation and targeted therapy. 
• Preparation of a cold kit formulation for the preparation of 177Lu-EDTMP for 

clinical studies. 
• Performing the preclinical animal studies of 177Lu based radiopharmaceuticals, 

in particular 177Lu-EDTMP. 
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• Preparation of one or two 177Lu radiopharmaceuticals either based on peptides 
or antibodies for targeted therapy of one of the cancers. 

• Preparation of 177Lu-Lipiodol for the treatment of hepato cellular carcinoma 
(HCC). 

 
The CRP would also generate scientific data for the preparation of several 

manuscripts describing the preparation and evaluation of 177Lu based therapeutic agents. 
The data obtained through the CRP will be used for the preparation of a Technical Report 
Series. 

 
5. Summary of Country Presentation 

 
 The participants presented the country report which covered the capabilities for 

radioisotope production existing in the MS, current activities in therapeutic 
Radiopharmaceuticals development, the proposed activities they plan to do under the 
CRP. The participants also identified the clinical collaborators who will be participating 
in along with them in clinical studies. The following Section gives a gist of the country 
reports where as the full reports are given in Part II. 

  
Argentina 
 
The report summarizes the facilities, the experience in our laboratory in the field of 

labelling biomolecules with 177Lu, the acquired experience by training abroad. Facilities 
in the Radiopharmacy Laboratory:  

 
Two radiochemical laboratories for labelling biomolecules with gamma and beta- 
emittors and for animal experiments (approved by the Nuclear Regulatory Autority, 
ARN). 
One radiochemical laboratory for measuring of radiactivity and High Performance Liquid 
Chromatography studies (approved by the ARN). 
A clean area for preparation of freeze-dried kits 
Other facilities at the Ezeiza Atomic Center: 
Reactor (RA-3) and radionuclide production plant 
Experience carried out: 
Conjugation of cyclic diethylenetriaminepentaacetic acid anhydride (cDTPA) with 
Human Polyclonal IgG at different molar ratios (20:1 and 10:1), and labelling of DTPA-
IgG with low s.a. 177Lu.  
Production of low s.a. 177Lu. In the past years the highest 177Lu s.a. obtained from 
natural targets (2.6 % of 176Lu) in the RA-3 was 3.47 GBq / mg of Lu (93.8 mCi / mg).  
 

177Lu-EDTMP for bone pain palliation radionuclide therapy was produced during 
1997-1998 in the Ezeiza Atomic Center and a few patients studies in the Roffo’s Institute 
(Nuclear Medicine Department, Buenos Aires) was carried out.  

 
Acquired experience of labelling synthetic somatostatin analogues with high 

specific activity 177Lu. DOTA-TATE and DOTA-minigastrin were labelled with 177Lu.   
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Clinical Collaborators:  
The proposed nuclear physicians for carrying out the 177Lu-EDTMP clinical trials 

are Dra. Patricia Parma (Head of Nuclear Medicine Department, Roffo´s Institute, 
Buenos Aires, Argentina) and Dra. Victoria Soroa (Staff Member of Nuclear Medicine 
Service, Hospital De Clínicas Gral.San Martín, Buenos Aires, Argentina). 

 
Austria 
 
The overall objective of this Co-ordinated Research Project is to generate know 

how and expertise in participating laboratories for the production and radiochemical 
processing of 177Lu and the preparation of therapeutic radiopharmaceuticals with it. Our 
part in the CRP will include the preclinical development of receptor binding peptides or 
other high specific biomolecules provided by participants of the CRP to be labelled with 
177Lu and the development of clinically useful formulations. We are currently working on 
the development of somatostatin, minigastrin, RGD and VIP analogs radiolabelled with 
different radiometals (99mTc, 111In, 68Ga) and we will extend our current research topics 
on the development of radiolabelled peptides for both diagnosis and therapy. The clinical 
application of 90Y and 177Lu labelled somatostatin analogs is already a well established 
clinical application at our department. Our department can offer expertise covering 
radiolabelling techniques and biological evaluation (preclinical evaluation in vitro, cell 
studies and biodistribution experiments). We will further provide a comparison of our 
currently used sources of 177Lu with production sites within the CRP and comparison 
with other radionuclides such as 111In, 68Ga and 90Y. We will participate in the 
development of freeze dried kit formulations and the elaboration of standardised 
analytical procedures for quality control for potential clinical application in clinical trials. 

 
Brazil 
 
The Nuclear Energy Research Institute (IPEN-CNEN) in Sao Paulo, Brazil has a 

nuclear reactor – IEA-R1 – that operates at 3.5 MW, 64 hours continuously with a 
maximum flux of 5x1013n/cm2.s. As a part of this CRP we intend to develop the 
technology for the production of 177Lu in IEA-R1 reactor and its radiochemical 
processing.  

 
Another objective is to study labelling conditions to produce biomolecules 

(monoclonal antibodies and/or peptides) labeled with 177Lu, establish quality control and 
purification procedures to produce the labeled molecule with high specific activity under 
GMP to be applied in clinical trials particularly in patients with prostate cancer. Our 
studies will include biological distribution of the labeled biomolecules in Swiss mice and 
Nude mice with tumors as well as in vitro studies with tumor cells to determine the 
specific uptake and retention of the labeled molecule. As a final goal, we intend to study 
the labeling of Hydroxiapatate (HA) with radiolanthanides and investigate its 
applicability in the therapy of hepatomas using animal models and stability studies. All 
the experimental conditions developed could be extended to the production plant in order 
to produce labeled molecules under GMP to be applied in clinical trials.  
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Clinical Collaborators:  
 
The Radiopharmacy Center of IPEN can establish clinical protocols with Nuclear 

Medicine Services and Hospitals that are reference in cancer therapy in Brazil, in 
accordance to and with the collaboration of the Brazilian Nuclear Medicine Society. 

 
Chile 
 
This research project will focus to develop technology for the production of 177Lu in 

the research reactor and its radiochemical processing, methodology for labelling ligands 
and biomolecules with 177Lu, development of quality control procedures to determine 
radiochemical purity, purification procedures and biodistribution studies.   

 
The Chilean Nuclear Energy Commissions has a research reactor pool type with a 

flux of 5x 10 13 n/cm2.s, working since 1974, and it is possible to produce 177Lu with 
specific activity to label bone pain palliation agents.   

 
China 
 
The research work on 177Lu-EDTMP as well as labeling monoclonal antibody with 

177Lu will be done. 177Lu will be produced using the Swimming Pool Reactor (SWR). 
The possibility to use the Miniature Neutron Source Reactor (MNSR) to produce the 
177Lu for extending the application of MNSR will be explored.   

 
Labelling of EDTMP with 177Lu will be carried out. The different conditions 

including molar ratio of EDTMP/177Lu, reaction time, pH values and reaction 
temperature will be studied. Methods of analysis for the determination of chemical and 
radiochemical purity in the 177Lu-EDTMP will be established. Test for sterility and 
pyrogenicity will be performed to assess the quality. Bio-distribution of 177Lu-EDTMP in 
healthy animal will be carried out. Further we will develop a cold kit formulation of 
EDTMP for labeling with 177Lu. 

 
After finishing the experiments about the 177Lu-EDTMP, we will try to study the 

177Lu labeling compounds for primary cancer. 
 
Clinical Collaborators:  
 
Prof. Jiahe Tian, General Hospital of Chinese People’s Liberation Army, Beijing 
Prof. Rongfu Wang, Peking University First Hospital, Beijing 
Prof. Zhi Yang, Peking University Cancer Hospital 
 
Cuba 
 
 The antibody h-R3 developed at the Center of Molecular Immunology (CIM) is a 

humanized monoclonal antibody that inhibits the high-affinity binding of EGF receptor. 
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The h-R3 has been recently registered in Cuba for the treatment of head and neck tumors.  
 
Development of radiolabeled mAbs usually involves the conjugation of a 

bifunctional chelating agent to the mAb, followed by labeling of the immunoconjugate 
with a radioactive metal. In past years, chelating agents that form stable complexes of 
90Y with biomolecules have involved bifunctional reagents. The macrocyclic chelator 
DOTA is known to form very stable chelates with metals, and is being used to prepare 
antibody-DOTA conjugates by activation with N-hydroxysulfosuccinimide. This 
previous experience is also applicable for preparing of 177Lu bioconjugates.    

 
Radionuclide therapy is effectively utilized for bone pain palliation. Radiolabeled 

phosphonic acid chelates for scintigraphic imaging of skeletal metastases or the treatment 
of bone pain have been proposed. For these uses, EDTMP (ethylene diamine-N,N,N’,N’-
tetrakis (methylene phosphonic acid) is one of the most useful ligand, because it forms 
stable complexes with different radionuclides with excellent biodistribution and high 
lesion-to-bone ratios. 153Sm-DETMP is effectively used for treatment of bone pain 
palliation however its wider use has met with different practical difficulties. 177Lu is a 
promising isotope for labeling EDTMP. The production of this radiopharmaceutical will 
allow the treatment of patients in a wide range. 

 
In our country 131I has been for many years the principal tool (as open source) for 

fighting cancer and we have dedicated efforts to widen the range of available 
radioisotopes. These efforts have been strongly supported by the IAEA. So in the frame 
of this project we expect to achieve different formulations of 177Lu based 
radiopharmaceuticals for radionuclide therapy. 

  
For purposes of this IAEA CRP Cuba will produce and supply a humanized 

monoclonal antibody h-R3 (anti EGFr) to selected participants in the first year and as a 
second step we will produce further quantities of the antibody. We will use two different 
monoclonal antibodies hR3 and anti-CD20 (rituximab). Cuba needs the assistance of 
another participating country to supply us the 177Lu of high specific activity. 

 
Clinical Collaborators:  
 
Department of Nuclear Medicine  
National Institute of Oncology and Radiobiology  
Calle 27 y F, Vedado, Plaza. C. Habana  
 
Center for Clinical Research  
Ave. 45 y 34, Kohly, 11300 Playa  
C. Habana 
 
Department of Nuclear Medicine  
National Hospital “Dr. Enrique Cabrera”  
Altahabana, Boyeros, C. Habana 
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Czech Republic 
 
In this project irradiation condition in reactor LWR-15 for production 177Lu from 

natural and enriched target will be optimized. 177Lu will be used for labelling EDTMP, 
DOTA-octreotide, some other biomolecules as well as for the preparation 
radiopharmaceuticals for treatment HCC and radiation synovectomy. Research will be 
focused also on synthesis 177Lu-macroaggregates and 177Lu-polylactic acid microspheres. 
Biodistribution studies will be carried out.  Radiopharmaceutical precursor will be 
manufactured according to GMP rules. Institute is holder of Certificate of Good 
Manufacturing Practice, which involves permission for preparation radiopharmaceuticals 
for clinical study.  At present, Lu-labelled chelates with aminocarboxylates, like a DOTA 
or DTPA have been deeply investigated from the point of view of chelation properties. 
This research has been targeted on finding the optimal conditions of chelation to obtain 
high yields of chelates and on monitoring their kinetic stability, depending on particular 
factors (i.e., pH, molar ratios metal: ligand or duration of the reaction). The Lu-DTPA 
and Lu-DOTA chelates were prepared and detected radiochromatographically.  

 
Clinical Collaborators:  
 
Clinical trials of lutetium radiopharmaceuticals will be performed in Faculty 

Hospital Ostrava. 
 
India 
 
Designing of radiotherapeutics using indigenously produced 177Lu as a potential 

radioisotope is the focus of the Coordinated Research Project. Amongst the various 
agents that are envisaged, the designing of bone-pain palliatives will be the major 
objective of the work. Preparation of 177Lu as a radionuclide that could be readily 
produced with specific activities suitable for non-saturable targets (e.g. bone-pain 
palliation) and for low-capacity targets such as peptide receptors has been demonstrated. 
Irradiations were carried out at different available flux positions for different durations 
(7-21 d) for optimizing the irradiation conditions toward achieving maximum specific 
activity using natural as well as enriched targets.  Using the existing irradiation facilities, 
177Lu could be produced with a maximum specific activity of ~23000 Ci/g using enriched 
176Lu (64.3%) target at a thermal neutron flux of 1×1014 n/cm2.s for 21 d.  

 
EDTMP was synthesised in-house and spectrochemically characterized. The 

radiolabelling parameters were optimized. In vivo distribution studies in rats have been 
carried out to ascertain the skeletal uptake and other pharmacokinetic parameters. 
Imaging studies in rabbits and dogs bearing natural osteosarcoma have been carried out 
with the 177Lu-EDTMP complex. Gamma scintigraphic studies in normal dogs and dogs 
bearing metastatic bone lesions reveal considerable uptake in the skeleton as well as the 
metastatic lesion. 

 
Following successful and sufficient number of clinical trials, regular use of 177Lu-

EDTMP as an alternative agent for bone pain palliation could be proposed. Apart from 
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this, depending upon the outcome of the preliminary biological evaluation of the 177Lu 
labeled target specific agents, further studies towards their use in higher animals as well 
as for human clinical trials will be considered.  

 
The optimization of the production route of 177Lu has conclusively proved that with 

the medium flux research reactors available at our end, it is possible to produce this 
isotope with adequately high specific activity for targeted therapy applications. 
Utilization of this high specific activity 177Lu in labelling of various target specific 
substrates is in different stages of development. These include, the preparation of a wide 
variety of agents for targeted therapy, namely, 177Lu-porphyrins and nitroimidazoles 
(metronidazole, sanazole) for tumor therapy, 177Lu-somatostatin analogs (DOTA-TATE) 
for peptide receptor radionuclide therapy (PRRT), 177Lu-steroids for targeted therapy of 
tumours over-expressing steroidal receptors. The preparation of 177Lu labeled 
hydroxyapatite (HA) particle and its biological behavior has been studied in arthritis 
bearing animal models for possible use in radiation synovectomy of small- and medium- 
sized joints.  

Clinical Collaborators:  
 
Dr. C.S. Bal 
 All India Institute of Medical Sciences 
 New Delhi 
 
Dr. Venkatesh Rangarajan 
 Tata Memorial Hospital 
 Mumbai 
 
Dr. Regi Oommen 
 Christian Medical College  
 Vellore 
 
Dr. Partha Choudhury 
 Rajiv Gandhi Cancer Institute & Research Centre 
 New Delhi 
  
Italy 
 
At the European Institute of Oncology of Milan (Italy) work with 177Lu has been 

initiated few years ago with the aim of labeling tumor seeking biomolecules such as 
peptides and monoclonal antibodies for cancer therapy. Subsequently, clinical trials in 
patients with tumors expressing somatostatin receptors have begun using the DOTA-
TATE as targeting molecule for its high affinity for sst2 receptors. The main factors 
influencing the labeling yield of DOTA-TATE with 177Lu have been investigated. The 
specific activity of the 177Lu solution at time of radiolabeling was studied along with the 
influence of chemical impurities (particularly iron) in the maximum specific activity 
achievable. Also the labeling of Zevalin (anti CD-20 monoclonal antibody) with 177Lu 
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was investigated testing different molar ratios Lu: MoAb using 177Lu at various specific 
activities. 

 
The Division of Nuclear Medicine of the European Institute of Oncology besides 

the routine SPECT and PET activities is equipped with a facility (radiopharmacy plus 
patient ward with eight beds) completely dedicated to radionuclide therapy of different 
tumors especially brain and neuroendocrine tumors. 

 
The impact of this CRP for Italy will be twofold: 
i. Availability of new sources of 177Lu suitable for the labeling of tumor targeting 

molecules in order to expand the applications of PRRT (peptide receptor radionuclide 
therapy) and RIT (radioimmunotherapy) 

ii. Development of a 177Lu particulate agent to be tested in the treatment of HCC. 
The role of Italy in this CRP will be testing the labeling of biomolecules with new 
sources of 177Lu produced by those countries where a reactor is available, training the 
participants into the labeling procedures with 177Lu and in the pre-clinical evaluation of 
peptides and monoclonal antibodies labeled with 177Lu for future locoregional 
applications to the treatment of brain tumors. 

 
Pakistan 
 
Isotope Production Division (IPD) at Pakistan Institute of Nuclear Science and 

Technology (PINSTECH) has established centralized facilities for bulk production of 
radiopharmaceuticals to be supplied to various nuclear medicine centers of the country. 
Here different groups have been established to look after the production of 99mTc 
generators, production of sodium iodide (131I) solution and other reactor produced 
radionuclides; radiopharmaceuticals freeze dried in-vivo diagnostic kits, quality control 
of radiopharmaceuticals and their dispatch. For this purpose the laboratories including 
two clean laboratories; one for bulk production of freeze dried in-vivo diagnostic kits and 
other for 99mTc generators were provided by the IAEA under technical cooperation, have 
been constructed. Organic synthesis laboratory has also been created for synthesis of 
MAG-3, MIBI, DISIDA, HMPAO, ECD etc. Excellent quality control laboratories have 
also been established for checking every batch in terms of radionuclidic purity, 
radiochemical purity, sterility, pyrogenicity and biodistribution in animals. Research 
activities under IAEA coordinated research programs related to preparation of therapeutic 
β-particle emitting radionuclides like 177Lu, 166Ho, 153Sm, 186,188Re etc. in PARR-I 
research reactor and their radiopharmaceuticals formulations with HEDP, EDTMP, 
FHMA, DOTATATE were also carried out.  

 
Studies on the optimization of the production of 177Lu radionuclide by irradiating 

natural/ enriched lutetium targets as solid or liquid in PARR-I reactor for different time 
intervals were carried out. Studies on the optimization of 177Lu-EDTMP and 177Lu-
DOTA-Tyr3-Octreotate complexes were investigated w.r.t. pH, temperature and 
incubation period to get a complex of high yield (>99%). Radiochemical purity of 177Lu-
DOTA-Tyr3-Octreotate was determined by radio TLC technique. Stability of these 
complexes was also studied in the buffer and in the saline for 4, 16, 48 hours intervals 
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and the quality control of the complex was performed using TLC technique. The animal 
study 177Lu-EDTMP and 177Lu-DOTA-Tyr3-Octreotate complexes were also carried out 
in animal model. 

 
Under the present CRP, it is planned to produce 177Lu radionuclide in PARR-I 

research reactor by irradiating natural Lu(NO3)3 for appropriate irradiation time in order 
to get 177Lu of specific activity more the 2 Ci/mg. Experimental conditions for the 
preparation of 177Lu-EDTMP complex of high purity and stability will be investigated so 
that freeze dried kits could be formulated. Biodistribution studies with 177Lu-EDTMP on 
animals (rats, rabbits, dogs etc) will be performed.  

 
Clinical Collaborators:  
 
NORI Hospital, Islamabad   
INMOL Hospital, Lahore.       
 
Peru    
 
Radioisotopes should have high specific activity for some therapeutic applications. 

177Lu is a therapeutic radionuclide that has some advantages like its half life, energy of 
the beta particle and the emission of gamma photon that makes it imageable and 
facilitates the estimation of the radioactive dose. Labeling biomolecules such as peptides 
and monoclonal antibodies needs 177Lu of high specific activity. The production of high 
specific activity 177Lu is feasible by means of two routes. The direct route needs enriched 
177Lu, medium to high neutron flux and large irradiation time. With the indirect route 
starting from enriched 176Yb no-carrier added 177Lu with minimal 177mLu contamination 
can be obtained, but it needs some methodological procedures to separate Lu from Yb. It 
will be interesting to explore some separation procedures in order to efficiently separate 
Lu from Yb. For labeling some radiopharmaceuticals like agents for bone pain palliative 
and for hepatocellular carcinoma treatment, we do not need 177Lu of high specific 
activity. In this CRP we intended to produce 177Lu of medium to high specific activity, 
also we will develop a lipiodol labeled with a beta emitter radionuclide for treatment of 
hepatocelular carcinoma. Antibodies and peptides are very interesting to use as a carrier 
for the treatment of primary cancers. We will develop a 177Lu-Rituximab and a 
Substance-P radiopharmaceuticals kit 

 
Poland 
 
Lu2O3, either natural or enriched in 176Lu could be used as target for thermal 

neutron bombardment in research nuclear reactor Maria to obtain 177Lu. Since the 
reaction cross-section for neutron capture is very high for 176Lu (2100 b for 1nth and 1087 
b for epithermal neutrons), the production yields for 177Lu are high. 176Lu (n,γ) 177Lu    (σ 
= 2100 b, I0 = 1087 b). Typically, on irradiation of natural Lu2O3 target (2.6% 176Lu), at a 
neutron flux of 2×1014 n/cm2/s, for 1 cycle of 100 h, 177Lu could be produced in specific 
activity of ~ 22 TBq/g (600 Ci/g). Applying 2 cycles of 100 h irradiation to enriched 
Lu2O3 (60.6% 176Lu) target yields ~740 TBq/g (20 000 Ci/g). The target in the form of 
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nitrate is dissolved in 0.01 M HCl to obtain LuCl3 for labeling. The radionuclidic 
impurity of 177mLu has been determined in several production batches and it’s 
contribution did not exceed 0,1% of total radioactivity of the solution. 177Lu solution has 
been successfully used for labeling of therapeutic doses of DOTATATE. This solution, 
suitable for medical application can be provided to participants laboratories.  

 
The CRP constraint is that 177Lu-EDTMP kit formulated for patient treatment will 

be as close as justified to the originally approved formula of 153Sm-EDTMP in terms of 
ligand quantity, ligand molar excess over the Lu metal, specific activity of 177Lu and the 
Ca++ and Na+ cations content.  The EDTMP as a Ca/Na salt was prepared and lyophilized 
to form a pharmaceutical kit for 177Lu labeling. The following composition of the kit was 
developed: 35 mg EDTMP, (0.077 mM), 5.72 mg CaO, (0.102 mM) and 14.1 mg NaOH, 
(0.35 mM). The kit has been proved suitable for labeling with 177Lu of specific activity 
>300 mCi/mg Lu.  The kits can be provided to all participating laboratories for further 
evaluation.  

 
The radiopharmaceutical will be delivered to the hospital radiopharmacy as two 

vials kit (one with the freeze-dried components, second with the 177Lu chloride solution) 
and the labeling procedure will be carried-out at the hospital radiopharmacy. The labeling 
protocol as well as the QC requirements need to be followed.  It is assumed, that the kit 
composition will be enabling efficient labeling with 177Lu at RT at the radioactivity dose 
suitable for single patient treatment. Initial bio-distribution and imaging studies in rats 
and dogs using the kits and 177Lu provided by Poland were done in Hungary. Further co-
operation with Hungary on pre-clinical evaluation of the radiopharmaceutical is planned.  

 
Specification of ethylenediaminetetramethylenephosphonic acid x H2O (EDTMP) 

has been developed in Poland. EDTMP is not described in any Pharmacopoeia. The 
analytical methods used for assessment of its quality are in agreement with the general 
description of analytical methods as in Eu.Ph. 5th edition. Finished product is analyzed 
for melting point, NMR-1H, NMR-31P, residual solvents by GC and assay by 
potentiometric titration.  The expected shelf life of the dry compound, when stored at 2 – 
8oC, is 2 years. The compound can be provided to the participants laboratories.  

 
The radiochemical purity of the 177Lu-EDTMP product can be assessed by TLC 

method. The TLC plates as well as chromatographic paper can be used as the immobile 
phase while different solvents can be used to separate 177Lu-EDTMP from the free 
177LuCl3 (present as Lu(OH)3 or Lu-colloid on the strip). The validated method will be 
selected and recommended for routine assessment of radiolabeled product RCP. Non-
bound 177Lu is considered to be the only possible radiochemical impurity in 177Lu-
EDTMP.  The specified radiochemical purity of the finished product should be higher 
than 98%. The pharmaceutical purity of the finished product will result from its mode of 
preparation: the kits will be produced according to the aseptic manufacture, the 177Lu 
chloride will be provided as the solution sterilized in the final packaging, the aseptic 
procedure will be applied in the labeling process.   
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Clinical Collaborators:  
i. Military Iinstitute of the Health Services, Central Clinical Hospital of the 

 Department of National Defence. 
ii. Oncology Center, Warsaw 
iii. Medical University Clinical Hospital, Warsaw 
iv. Medical University Clinical Hospital, Lodz 
v. Jagiellonian University, Collegium Medicum, Krakow   
 
 
Russia 
 
The Russian team has presented results of preliminary evaluations of 177Lu 

production parameters (yield, specific activity, radionuclidic purity) in two practical 
approaches – “direct” (irradiation of Lutetium) and “indirect” (irradiation of Ytterbium). 
Theoretical evaluations were made using a set of computer codes “ORIP_XXI” which 
includes an electronic data base of nuclear-physical constants, program ChainFinder for 
automatic finding of nuclear transmutation chains and program ChainSolver for 
calculation of nuclides transmutation kinetics. Calculations have considered variations of 
thermal neutrons flux density. The spectrum hardness, i.e. ratio of epithermal neutron 
flux density to that one for thermal neutrons was considered constant and equal to 0.1. 
Spectral dependencies of 177Lu production were not considered at this stage and will be 
studied later. 

 
It has been demonstrated that production of 177Lu by irradiation of 176Lu can be 

effectively implemented in various research reactors, both, low- and high-flux. 177Lu 
specific activity is proportional to the thermal neutron flux density, F, and is as high as 
76,000 Ci/g for 10 days irradiation at F=2.1015 cm-2s-1 (the highest neutron flux density 
available at the moment). Relatively large cross-section of 175Lu (n,γ)176Lu reaction (1780 
barn) causes intensive burn-up of target nuclei, resulting the maximum yield of 177Lu is 
achieved earlier than its maximum specific activity.   In “direct” way production of long-
lived impurity 177mLu is unavoidable and can be high for high-flux reactors. Production 
of this impurity should be discussed additionally.  

 
Irradiation of isotopically enriched 176Yb (“indirect” way) provides specific activity 

of 177Lu close to theoretical one (110,000 Ci/g). To ensure this value the target material 
should not contain impurity of Lutetium, besides content of 174Yb should be as low as 
possible, at least not exceeding 1%. The yield of 177Lu in the SM high-flux reactor is 200 
Ci/g. Radiochemical processing of irradiated ytterbium targets includes electrochemical 
separation of bulk amounts of ytterbium followed by final purification of 177Lu product 
by ion-exchange or extraction chromatography. Experimental results produced by 
Russian participants for the “indirect” way are in good agreement with calculated ones 
(with less than 20% discrepancies between them). 
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Uruguay 
 
Radionuclide therapy employing radiopharmaceuticals labeled with beta emitter 

radionuclides is in wide expansion of its applications. 177Lu is one of the isotopes 
emerging as a clear choice for targeted radiotherapy due its favorable properties of half 
life, beta energy and gamma emission which allows image acquisition. Our research 
along several years was in the field of development of radiopharmaceuticals for bone 
pain palliation as well as for primary tumor treatment.  

 
Among them the development of a kit formulation for the bone pain palliation agent 

188Re-HEDP is an example of work in coordination with other institutions. Other bone 
pain palliation agents have been developed as 153Sm-EDTMP as well as other labeled 
molecules with this radionuclide as EDTA-Biotin. Seeking for therapy of primary tumors 
our research has been directed to the labeling and control of somatostatin derivatives like 
188Re-Lanreotide and DOTA-TATE labeled with 177Lu and 131I, using 125I as reference. 
We have focused our research in the development of methods for evaluation of molecular 
recognition as a fundamental parameter for the application of molecularly targeted 
radiopharmaceuticals, in addition to the conventional physicochemical and biological 
controls. In the field of radioimmunotherapy our research is devoted to the labeling and 
evaluation of Anti-CD-20 with 188Re and 131I. Other molecules under study are EGFr and 
Tn structures. Dosimetry studies of these radiopharmaceuticals had been carried out 
using Mirdose 3 (Olinda) methodology. 

   
The overall objective of the CRP is to generate know how and expertise in the 

preparation of therapeutic radiopharmaceuticals with 177Lu.  
 
The Department of Radiopharmacy of the Nuclear Research Centre of the Faculty 

of Sciences has facilities for labeling with beta emitters and its physicochemical and 
biological (receptors, cells and laboratory animals). Other departments of the Nuclear 
Research Centre are involved in the radioprotection, dosimetry, electronic 
instrumentation and computer assistance.  

 
Clinical Collaborators:  
 
i. Nuclear Medicine Centre of Faculty of Medicine at the Clinical Hospital   
 
United States of America 
 
The University of Missouri Research Reactor (MURR) is a 10 MW pool-type 

reactor with a peak unperturbed thermal neutron flux of 6E14 n/cm2.s and a peak fast 
flux of 1E14 n/cm2.s in the flux trap.  Irradiation positions available in the flux trap 
region for 177Lu production have nominal thermal neutron fluxes of 3.5E14 to 1E14 
n/cm2.s. Irradiation positions are also available in the graphite reflector region, with 
thermal neutron fluxes on the order of 3.5E13 to 8E13 n/cm2.s.   
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The main hot cell is constructed from 30- inch thick high density concrete and can 
handle megaCi.  Several smaller lead shielded hot cells are also available for processing 
multi curie quantities of radioisotopes. MURR has an active current Good Manufacturing 
Practices (cGMP) program in place that supports valid QC testing to demonstrate that 
applicable United States Pharmacopoeia-National Formulary IUSP-NF) requirements can 
be met. 

 
MURR scientists working in several departments at the University of Missouri (e.g. 

Chemistry, Radiology, Veterinary Medicine) and private industry have developed two 
therapeutic radiopharmaceuticals (Quadramettm and Y-90 Theraspheretm), which are now 
commercially available and marketed worldwide.  MURR still provides the radiation 
services to produce the radioisotopes (153Sm and 90Y) for these products in North 
American. 

 
 For purposes of this IAEA CRP MURR will produce and supply high specific 

activity 177Lu to participants.  MURR scientist will provide 177Lu production expertise 
and identify (and perhaps provide) targets for use at each participating reactor facility, 
based on neutron flux and operating schedule. Evaluate parameters such as required 
isotopic enrichment, chemical form and irradiation time. Then use these targets to 
produce 177Lu with appropriate specific activity and provide it to participating centers for 
the development of 177Lu radiopharmaceuticals. 

 
6. Formulation of the Work plan of the CRP 

 
The participants identified the production of 177Lu in using the reactor available in 

the country as one of the major goals of the CRP. The participants decided to work one 
three different group of radiopharmaceuticals to be developed under the CRP. The work 
plan of the CRP is divided in to the following subgroups: 

 
6.1. Production of 177Lu   
 
One of the major outputs expected from the participants is the capacity building in 

177Lu production using existing nuclear reactors in the participants country. Twelve out 
of the 16 participants have nuclear reactor in their country (Table 1). The suitability of 
the reactor in each country for making 177Lu with adequate specific activity for 
therapeutic application needs to be explored.  

 
Route of production 
 
The preferred production method at all participating reactor facilities will be by 

“direct” method, by irradiation of 176Lu.  However, the Russian group will investigate 
and test the “indirect” production method using 176Yb targets.  The participants in the 
production and supply of 177Lu include: Argentina, Brazil, Czech Republic, Chile, India, 
Pakistan, Peru, Poland, Russia and USA. 
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Target 
  
To ensure the quality and to increase specific activity of 177Lu, enriched 176Lu target 

material will be used for production.  The enrichment must be higher than 39% 176Lu. 
The preferred chemical form will be as the nitrate for reactors with fluxes less than 5E14 
n/cm2.s.  This will require conversion of the enriched Lu oxide provided by commercial 
vendors.  The Lu oxide is to be dissolved in ultra pure nitric acid to a specified 
concentration, then the appropriate amount of solution is pipetted into precleaned quartz 
vials. These vials are placed into a vacuum rotary evaporator and evaporated to dryness.  
The quartz vials are then sealed under vacuum at the appropriate length.  

 
For the indirect route implemented in the high flux reactors with neutron flux 

density higher than 1E15 176Yb target can be irradiated in the form of metal or oxide. The 
ytterbium metal/oxide is placed into quartz capsule that is filled with He gas (to ensure 
heat removal during irradiation) and sealed. 

 
Sealed quartz capsules with target material are placed into convenient metal 

(aluminum, stainless-steel, titanium, etc.) ampoule(s) and goes to the irradiation position 
of reactor (s) in accordance with the particular reactor procedure. 

  
Irradiation time and flux 
 
To achieve the minimum required specific activity for 177Lu for Lu-EDTMP project 

the minimum thermal neutron flux that will be used is 1E13 n/cm2.s.  To avoid 
production of too much long lived 177mLu (t1/2 = 180 days) relative to 177Lu (maximum 
177mLu /177Lu ratio = 0.0002) the maximum irradiation time allowed is 14 days.  
However, each participating reactor facility must optimize irradiation time for the various 
irradiation positions in their reactor(s). 

    
The participating reactors that will produce and supply 177Lu for local use include, 

Argentina, Brazil, Czech Republic, Chile, India, Pakistan,  Peru, Poland, Russia and 
USA. 

 
Participating members requiring external source for all 177Lu for the purposes of the 

CRP include Cuba, Uruguay, Austria and Italy. 
 
Participants that can supply others with 177Lu are Argentina, Czech Republic, 

Poland, Russia and USA. 
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Table 1: The Reactor facilities availble in participating Centres 
 

Country Reactor Type Flux 
Neutron/c
m2 sec 

Availability Operation 
Cycle 

Sp.Actiivty 
With Natural 
Target 

Specific Activity 
with Enriched 

Mode of 
Production 

Argentina 8 MW LWR 7E13 40 Cycle per 
year 

Weekly 
5 day run/2day 
down 

227 mCi/mg 3462 mCi/mg 
(39.6%) 
Theoretical 
6470 mCi/mg 9 
(74%) 

Direct 
(oxide?) 

Brazil 3.5 MW Pool 5E13 3day/week Weekly 
3 day run/4 
day down 

N/A (5 mg/45% Lu-
176) Not tested 
yet 

Direct 

Chile 5 MW Pool 5E14 24hr/week(Fri
day) 

1day run/6day 
down 

20 mCi/mg N/A Direct 

P.R. China 3.5 MW Pool 4E13 25 cycles/year 6 d/cycle   Direct 
Czech 
Republic 

LWR-
15MW 

Light 
Water 

2E14 3 wk/month 3 wk run/1 wk 
down 

392GBq/g (7 
hours) 

2100 GBq/g (2 
hour, 64.3%) 

Direct 
(Nitrate) 

India APSARA CANDU 
(40MW) 

3E13 6 day/wk 6 day run/1day 
down 

108 mCi/mg 4600 mCi/mg 
(64.3%) 

Direct 

India DHRUVA HW 
(100MW 

1E14 21 Day 6day run/1day 
down 

N/A 23185 mCi/mg 
(64.3%) 

Direct 

Pakistan PARR-1 
(10MW) 

Pool 1E14 24 hours /wk 24 hours 
run/6days 
down 

1800 mCi/mg 8000 mCi/mg 
(68.9 %) 

Direct 
(nitrate solution) 

Peru RP-10 Pool 1.2E14 8 h/ day  2 days per 
week 

   

Poland Maria 
30MW 

WWR 3E14 (th) 
3E13 (ep) 

11 month/yr Weekly 
100 hr up/ 68 
hr down per 

350 mCi/mg 
100h Irr/50cool 

18-20 Ci/mg 
100hr Irr/68 cool 
x 2 

Direct 
(Nitrate) 
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week 
Russia SM High 

Flux 
Reactor 
(100 MW) 

Pressure 
vessel 

2E15 220 day per 
year 11 
cycles/year 

10 day 
running-1 dy 
down-10 day-
7dy down 

N/A 76000 mCi/mg 
Direct 
(~100 mCi/mg 
Indirect) 

Direct or Indirect  
(oxide) 

Russia RBT (10 
MW) 

Swimmin
g pool 

5E14 >220 days per 
yr 

10 day 
running-1 dy 
down-10 day-
7dy down 

N/A >20 Ci/mg Direct Direct or Indirect  
(oxide) 

USA MURR LWR 3.5E14 
(th) 
1.7E13 
(ep) 

150 hr/wk 
52 wk/yr 

150 hr oper 
18 hr down 

 20-24 Ci/mg 
150 hour irr 

Direct 
(Nitrate) 
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 6.2  177Lu-EDTMP     
    
Preparation of EDTMP kits for 177Lu labelling 
 
6.2.1 Synthesis  
 
H3PO3 diluted with H2O, concentrated HCl and C2H8N2 heated to boiling. HCHO 

added dropwise. Heating at 115oC for 2 h. Mixture cooled. Precipitate separated and 
washed with water. Precipitate dried under reduced pressure. Crystalization. Finished 
product analyzed for melting point, NMR-1H, NMR-31P, residual solvents by GC and 
assay by potentiometric titration.  The summary of EDTMP specification is given in 
Table 2. The expected shelf life of the dry compound, when stored at 2 – 8oC  is 2 years.  

 
Table 1.  Specification of EDTMP as Active Pharmaceutical Ingredient 
 

TEST LIMITS METHOD 
1. Identification 
 Appearance 
 Identity 
 NMR Spectrum 
 1H-NMR 
 
 
 
  
 31P-NMR 

 
White powder 

 
Characteristic shifts: 

2.70 – 2.95 ppm  
(s. CH2  from  amine) 

2.50 – 2.70 ppm (d. CH2 from 
methylenediphosphonic acid) 

 
16– 18 ppm (s. phosphic acid) 

 
Visual 

 
 

NMR Spectrometry 
 
 
 
 

NMR Spectrometry 
 2. Melting point 215-219° C Visual 
 3. Organic impurities 
 Ethylenediamine assay  
 Formaldehyde assay 

 
< 0.05 % 
< 0.05 % 

 
GC 
GC 

 4.  Assay EDTMP 98-102 % Potentiometric titration 
 
 
6.2.2 Preparation of Ca/Na-EDTMP salt for a kit formulation 
 
The kit used in interlaboratory comparison should be as close as possible to the 

original, commercially available, 153Sm-EDTMP formulation. To achieve that, the mixed 
Ca/Na salt should be prepared. To the suspension of 143 mg CaCO3 uniformly 
distributed in 8 ml of water 700 mg of dry EDTMP was added.  The mixture was stirred 
at RT until the solution was clear (10-15 minutes). 282 mg NaOH in 5 ml H2O was added 
dropwise. Initially the solution remained clear then become cloudy. Further adding of 
NaOH dissolved the precipitate. While adding NaOH, pH should be controlled not to 
exceed 7.6, at which the precipitate forms again. After addition of NaOH (some of the 
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solution may remain not used) stirring was continued for another 5 min, the solution 
transferred to the flask and filled up with water to final desired concentration. The 1 ml 
aliquots of final formulation were dispensed to the glass vials for freeze-drying.   

 
Two different compositions of the kit for 177Lu-EDTMP were prepared  

 
- 04/06 
  35 mg EDTMP, (0.077 mM) 
  7.15 mg CaO, (0.127 mM) 
  14.1 mg NaOH, (0.35 mM) 
 
- 05/06 
  35 mg EDTMP, (0.077 mM) 
  5.72 mg CaO, (0.102 mM) 
  14.1 mg NaOH, (0.35 mM) 
 

6.2.3. Labelling procedure:  
 

  To the kit vial 1 ml of water for injection was added followed by 2 to 45 µl of 
lutetium chloride, LuCl2 in diluted HCl (58 µg, 145 µg, 290 µg and 1300 µg Lu) with 
trace quantity of 177Lu. The content of the kit was incubated for 30 min at room 
temperature with shaking. In case of higher quantities of Lu (290 and 1300 µg Lu) the 
vial was incubated at 80oC for 20 min. Each labeling was done in duplicate. Quality 
control by testing radiochemical purity RCP was made by TLC using Cellulose plates 
and a mixture water:methanol:NH4OH (50:50:2,5 v:v:v) as solvent.  

 
Table 3. RCP results in batch 04/06 
 

Content of Lu  
[µg] 

incubation RCP 
177Lu-EDTMP  

[%] 
Appearance of the 

solution 
58 RT 99.53±1.16 clear 
145 RT 99.57±0.46 clear 
290 RT. +80oC 99.26±1.18 clear 
1300 RT. +80oC 98.16±0.28 cloudy 

 
 Table 4. RCP results of batch 05/06 
 

Content of Lu  
[µg] 

incubation RCP 
177Lu-EDTMP  

[%] 
Appearance of the 

solution 
58 RT 99.76±0.46 clear 
145 RT 99.62±0.08 clear 
290 RT. +80oC 99.48±1.36 clear 
1300 RT. +80oC 98.08±0.43 slightly cloudy 
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In the labelling composition the EDTMP : Lu molar ratio was: 232.5, 93.0, 46.5 and 
10.3 respectively. The specific activity of 177Lu, assuming that at the patent dose labelling 
100 mCi of 177Lu is used per vial, was: 1 724, 689, 344 and 77 mCi/mg Lu. Considering 
using of 75 mCi of 177Lu per vial it would be 1 293, 517, 258 and 58 mCi/mg Lu.  

 
Table 5. EDTMP:Lu molar ratios and 177Lu specific activity in labelling formulation 
 

EDTMP:Lu 
Molar ratio 

177Lu SA 
[mCi/mg] 

100 mCi/vial 

177Lu SA 
[mCi/mg] 

75 mCi/vial 

Comments 

232.5 1 724 1 293 acceptable 

93.0 689 517 acceptable 

46.5 344 258 acceptable 

10.3 77 58 too low 

 
6.2.4. Final kit composition selected 
 
35 mg EDTMP, (0.077 mM) 
5.72 mg CaO, (0.102 mM) 
14.1 mg NaOH, (0.35 mM) 
 
Table5: Kit formulation for various number of kits 
 

CaCO3 EDTMP NaOH pH Final volume 
143 mg 

8 ml H2O 
700 mg 282 mg 

5 ml H2O 
7.5 - 7.6 20 ml 

572 mg 
35 ml H2O 

2800 mg 1128 mg 
25 ml H2O 

7.5 - 7.6 80 ml 
715 mg 

50 ml H2O 
3500 mg 1410 mg 

30 ml H2O 
7.5 - 7.6 100 ml 
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Table 6. Specification of the freeze-dried kit  
 

TESTS LIMITS METHOD 
Identification: Appearance White pellet Visual 
Assay EDTMP 31.5 -38.5 mg HPLC 
pH  (after dissolution in   
0.9% NaCl) 

6.0-8.0 potentiometry 
Bacterial endotoxines < 0.125 IU/ml Test LAL 
Sterility sterile Membrane filtration 

 
Table 7. Proposed specification of 177Lu Chloride solution in 0.05 N HCl 
 

TESTS LIMITS METHOD 
1. Identification 
Appearance 
Gamma energy 

 
Clear, colourles liquid 
112.9 and 208.4 keV 

visual 
 

Gamma spectrometry 
2. Radionuclidic purity ≥ 99.9% Gamma spectrometry 
3.  177mLu content ≤ 0.01 % Gamma spectrometry 
4. Radioactive concentration  7.4 - 74 GBq/ml Dose calibrator 
5. Specific activity 14.8 – 74.0 GBq/mg Lu ICP OES 

6. Chemical impurities As ≤ 0.1µg/GBq 
Cu, Pb ≤ 0.5µg/GBq 

Fe, Zn, Hf ≤ 1.0µg/GBq 
ICP OES 

7. Bacterial endotoxines < 0.125 IU/ml Test LAL 
8. Sterility  sterile Direct inoculation 

 
6.2.5. Methods used for quality control of 177Lu-EDTMP 
 
TLC for RCP in final product 
TLC using Cellulose plates and a mixture water:methanol:NH4OH (50:50:2.5 v:v:v) 

as solvent.  
The complex 177Lu-EDTMP migrates with the solvent. The unbound 177Lu3+ 

remains at the origin. 
 
HPLC for RCP and assay of EDTMP in final product 
HPLC: column BIOSEP SEC2000 300/7mm (Phenomenex),  

eluent-0.125 M NaCl/0.05 M phosph. buffer pH 6.1, flow  1ml/min  
Rf  for 177Lu-EDTMP: 9.0-10.0 min 
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Table 8. Specification of the 177Lu-EDTMP product (final volume 1 ml) 
 

TESTS LIMITS METHOD 
1. Identification 
Appearance 
Identity 
Retention time 

 
Clear, colourless liquid 

 
9.5-10.5 min. 

 
visual 

 
HPLC 

2. Radiochemical purity ≥ 98 % TLC 
3. Radioactive concentration  0.74 – 7.4  GBq/ml Dose calibrator 
4. Specific activity 0.02 – 0.20 GBq/mg 

EDTMP 
HPLC 

5. pH 5.5-8.0 potentiometry 
6. Bacterial endotoxines < 0.125 IU/ml Test LAL 
7. Sterility sterile Direct inoculation 

 
6.3 Development of 177Lu-Lipiodol/Radiopharmaceuticals for the treatment 

of hepatocellular carcinoma (HCC) 
  
Liver cancer is one of the most common malignancies in the world and causes about 

1 million deaths annually. Hepatocellular carcinoma (HCC) is a primary malignancy of 
hepatocyte origin and is one of the most common cancers worldwide. This is a cancer 
that arises from hepatocytes (80% of the liver tissue) which constitutes the major cell 
type of the liver. HCC is an aggressive tumor and may be at an advanced stage when 
detected. The median survival following diagnosis is approximately 6 to 20 months. The 
occurrence of HCC is 1% of all cancers. It is the 7th most common cause of cancer related 
deaths in men and the 9th in women. The disease is most prevalent in Asia, which has the 
largest population on the earth. In addition, colon cancer is the second most common 
cause of cancer death in the West, and the majority of the patients die from liver 
metastases.  

  
6.3.1 Causes of HCC 
 
The common causes of HCC may be attributed to the following factors: 
• Chronic infection with the hepatitis B virus and hepatitis C virus. 
• Aflatoxins and environmental pathogens. 
• Drugs, medications and chemicals such as Estrogens and protein-building 

(anabolic) steroids 
• In rural China, drinking pond-ditch water contaminated with the algal toxin 

microcystin has also been associated with HCC 
• Hereditary hemochromatosis have the highest risk of developing HCCPatients 

with longstanding alcoholic cirrhosis  
••  Two congenital disorders, Alpha-1-antitrypsin deficiency and Tyrosinemia, may 

also be complicated by the development of HCC in older patients with longstanding 
(chronic) liver disease are also more likely to develop this tumor.  
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66..33..22..  Common modes of treatment 
 
Treatment is directed towards a cure or focused towards palliation (relief of 

symptoms and prolongation of life depending on tumor size or extent. For small tumours, 
surgery or liver transplantation is curative. However, for large tumours, which have 
spread beyond the liver, chemotherapy, ligation, transarterial embolization (clotting) of 
the hepatic artery, percutaneous alcohol injection into the tumor, radiation, 
radiofrequency ablation, single agents and combination chemotherapy are the most 
common treatment modalities towards palliation and improvement of the quality of life. 

 
6.3.4. Role of Radioisotopes in treatment of HCC 
 
More than 85% of liver cancer cases are inoperable because of late diagnosis. In 

cases of inoperable primary or metastatic liver cancer, transhepatic arterial embolization 
(TAE) is the most important therapy. In TAE, hepatic tumor-feeding arteries are 
embolized under angiographic guidance, and blood supply to the tumor is cut off. To 
enhance the effect of TAE, some adjunctive therapies using radioisotopes or 
chemotherapeutic agents have been investigated. Several ß-emitters, such as 166Ho, 90Y, 
131I, 186Re, and 188Re, have been reported to be possible candidates for TAE  

 
Ethiodised oil also known as Lipiodol is a naturally iodinated fatty acid ethyl ester 

of poppy seed oil It was initially developed for use as a radiocontrast agent. Viscous 
lipiodol is retained in hepatic tumors having highly tortuous microvasculature. Currently 
lipiodol is used as a common embolizing agent for trans-arterial embolization because of 
high viscosity. The iodized oil acts as a contrast medium, an embolic agent and as a 
vehicle or drug carrier. Therapy in this context means the intra-arterial administration of 
131I-Lipiodol. 

 
 
 
 
 
6.3.5. 131I-Lipiodol - A Radiopharmaceutical 
 
The approved name is 131I-Lipiodol. It is supplied in solution for injection. The 

Specific activity is 1.1 GBq/mL at calibration. A standard activity of 2.22 GBq (60 mCi) 
131I-Lipiodol is injected slowly through a hepatic artery catheter via a protected glass or 
plastic syringe. The activity may be modified for medical reasons depending on tumor 
load or according to local legislation.  The advantages are that it has been proved to be a 
clinically effective as a radio-embolizing material and is commercially available. 
Although 131I-labeled lipiodol has been clinically effective, high-energy -ray emission is 
the major disadvantage in addition to the radiolabelling yields being poor due to the 
exchange labelling method.  

OOOO

OOOO
CCCC8888HHHH11116666



29 

6.3.6. 188Re-labeled lipiodol 
 
Among the reported radioisotopes, 188Re has several outstanding physical properties 

for clinical use. It has a half-life of 17 h and emits a 2.1-MeV ß-ray. The co-emission of a 
155-keV -ray enables adequate imaging and monitoring of therapeutic efficacy. 
Moreover, because 188Re can be produced from the 188W/188Re-generator system, it offers 
practical clinical availability (shelf life of six months) for routine application and eminent 
economic advantage. However, the disadvantage posed towards use of 188Re which is 
eluted from the generator in the aqueous phase is chemically incompatibility owing to its 
immiscibility with that of lipiodol. Use of the bifunctional chelating strategy for labeling 
with Re alters the chemical property of the resultant conjugate and there is difficulty in 
characterizing the Re-BFCA-lipiodol conjugate as lipiodol is not a single substance.  

 
188Re-sulphur colloids of appropriate size extracted into lipiodol has shown 

considerable promise and is in the clinical trial stage. Other 188Re-chelates which have 
been explored viz. 188Re (N2S2) chelates with varying substituents in NH and 
188Re(S2CPh)(S3CPh)2, for labelling of lipiodol and some others which are under 
clinical trials are shown below.  

 
 
 
 
 
 
 
 
 
 
Recently, a new method bypassing the difficult labeling process was reported. This 

method involved the use of 2,2,9,9-tetramethyl-4,7-diaza-1,10-decanedithiol (TDD) 
labelled with 188Re. TDD is an N2S2 or a diaminedithiol derivative and is known to form a 
stable lipophilic chelate with rhenium or technetium. It can make a stable lipophilic 
solution with lipiodol because of high lipophilicity. However, tumor retention of 188Re-
TDD/lipiodol solution is not satisfactory despite high accumulation in tumors after 
arterial administration. Consequently, a new agent, 4-hexadecyl-TDD (HDD), has been 
synthesized to improve tumor retention. HDD, a derivative of TDD, contains a pendant 
alkyl hexadecyl group and has significantly increased lipophilicity.  
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6.3.7. 90Y labeled Lipiodol   
 
90Y is another therapeutic radioisotope of potential applicability for labelling with 

lipiodol in the treatment of HCC. Lipiodol extracted with EDTB (a hexadentate nitrogen 
donor chelating ligand N,N,N',N'-tetrakis(2-benzimidazolylmethyl)-1,2-ethanediamine 
(EDTB) has been used for labelling with 90Y. EDTB has been synthesized by 
condensation of 1,2-benzenediamine and ethylenediaminetetraacetic acid (EDTA). The 
other promising products are 90Y-labeled glass microspheres and 90Y-oxine-lipophilic 
complex. The radiolabeling efficiency is 97.6±1.1%. After extraction into ethiodol, a 
stability test in serum at 37ºC showed that 87.8% of the 90Y remained ethiodol-bound for 
7 d. Bremsstrahlung imaging of a rabbit at 48 h post-injection confirmed that the 
homogeneous mixture of radiolabeled 90Y-oxine and ethiodol stayed in the targeted liver 
lobe.90Y- microspheres have been used in transarterial radio-embolization. It is a FDA 
approved drug for use in the US. Two products are commercially available-viz. 
TheraSphere (MDS Nordion, Ottawa, Canada), glass microspheres and SIRSpheres 
(Sirtex Medical, Australia), resin, microsphere. The advantages are that Microspheres are 
biocompatible and remain within the liver permanently. Administration is carried out by 
infusion via appropriately positioned hepatic arterial ports or catheters.  In the US, most 
patients are treated on an outpatient basis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
6.3.8. Possibilities of labelling with 177Lu  
 
Considering the optimal nuclear characteristics if 177Lu, it is worthwhile to explore 

the possibilities of labelling lipiodol with 177Lu. The distinct advantages over that of 131I 
are the beta energy [0.49 MeV (78%)] of 177Lu comparable to that of 131I (0.606 MeV) 
and a low energy, low yield gamma photon [113 keV (6.4%); 208 keV (11%)] over the 
high energy gamma component of 131I (364 KeV). The facts that are required to be borne 
in mind are problems of labeling with 177Lu directly is similar to 188Re, since 177Lu is also 
obtained in aqueous form. The challenge lies in the designing of lipophilic complexes, 
envisaging lipophilic 177Lu-chelates with high serum stability, since 177Lu is an inherent 
bone seeker. Insights towards this effort could be obtained from the strategy adopted for 
preparing 90Y-lipiodol complexes.  
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6.3.9. Possible labeling strategies 
 
The possible lebelling startegies that could be envisaged are as follows 
 
i. 177Lu-complex of 8-hydroxy quinoline (oxine) which could possibly be of the type 

177Lu[(oxine)3(H2O)3]0 
ii. 177Lu-complex of acetylacetone (acac) possibly of the type 

177Lu[(acac)3(H2O)3]0 
iii.177Lu-EDTB complex of the type 177Lu[(EDTB)3(H2O)3]n  [n = 0,3] analogous 

to the 90Y complex 
iv. 177Lu-DOTA derivatives wherein the DOTA will be a sufficiently lipophilic 
 
6.3.10. Proposed work on HCC under the scope of the CRP 
 
On discussion, the suggestion from the participants is that, it is of relevance and 

pertinence to prepare hydroxyapatite particles of appropriate size (similar to that of 
commercially available microspheres for labelling with 90Y in treatment of HCC). In 
addition to this, some of the participants will explore the possibilities of labelling lipiodol 
with a suitable lipophilic chelate of 177Lu.   

 
6.4.  Development of 177Lu based primary cancer specific radiopharmaceuticals               

  
 Development of 177Lu based primary cancer specific radiopharmaceuticals carrier 

molecules such as antibodies (anti EGFr and anti-CD20) and peptides (Substance-P and 
Minigastrin) will be carried out under the scope of the CRP.  

 
One working group within the coordinated Research project deals with the 

labelling of cancer specific biomolecules such as antibodies (EGF, rituximab) and 
peptides (substance P, minigastrin) 

 
Participants: Poland, Cuba, Chile, Brazil, India, Uruguay, Italy, Austria, 

Argentina. 
 
6.4.1. Antibodies 
 
EGFr: The human epidermal growth factor receptor (EGF-r) is a commonly 

expressed transmembrane glycoprotein that has been found in a variety of malignant 
epithelial tumors arising from different organs like breast, lung and gliomas. The 
humanized mAb h-R3 (CIMAher®, TheraCIM h-R3, Theraloc, Nimotuzumab) isotype 
IgG1 was obtained in Cuba by cloning the variable regions of the ior egf/r3, a murine 
IgG2a antibody that recognizes the EGF-r and inhibits the binding of EGF. A reshaped 
antibody was constructed using the light and heavy chains of REi and Eu, respectively, as 
human immunoglobulin frameworks for CDR-grafting. 
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h-R3 (anti hEGFr): Cuba will supply this antibody to be used by the participants of 
the CRP Italy, India and Uruguay for the conjugation with DTPA and DOTA. After 
conjugation radiolabelling will performed with 177Lu sources with specific activity 
>15Ci/mg in Italy and Austria.  

 
Anti-CD20 monoclonal chimeric humanized murine antibodies (Rituximab), have 

been successfully applied for the treatment of Non Hodgkin’s Lymphoma. However, 
upon labelling of the mab-CD20 with ß-emitters such as 90Y, the therapeutic efficacy has 
significantly increased due to radiological effects of ionizing radiation. 

Under the scope of this CRP, reliable and efficient methods to derivatize the anti 
hEGFr and anti-CD20 with DOTA and/or DTPA and to label them with 177Lu will be 
developed. Development of simple and rugged quality control methods to evaluate 
radiochemical purity, biological performance and immunoreactivity assessment will also 
be carried out.                                                                    

The working group for Anti-CD20 will be constituted by Cuba, Brazil, Uruguay, 
Argentine and Poland. All of them will perform the derivatization of commercially 
available Mabthera (Rituximab) with DTPA and DOTA and the labelling and 
physicochemical and biological control of it. 

 
6.4.2.  Peptides 
 
6.4.2.1  Substance P  
 
Substance P binds to neurokinin type 1 receptors which are overexpressed in 

malignant glial brain tumours and can therefore be used for locoregional radiotherapy if 
radiolabelled with 177Lu. At the moment glioblastoma are treated either with 90Y labelled 
somaostatin analogs or by the three step biotin-avidin approach. Within this CRP we 
propose to investigate the radiolabelling of Substance P previously conjugated with the 
bifunctional chelator DOTA, with 177Lu with high specific activity. The peptide sequence 
will be synthesized and conjugated to DOTA according to published data and distributed 
by the agency to the participants (Uruguay, Brazil, Italy, Austria, India, Poland, 
Argentina, China, Peru). Upon receiving the material the participants Austria, Brazil, 
Italy and Poland will perform preliminary tests on radiolabelling and quality control to 
provide standardised protocols to the other participants for further investigation of the 
biological behaviour on glioblastoma cell lines. 

 
6.4.2.2.  Minigastrin 
 
Minigastrin analogs binding to the cholecystokinin 2 receptor (CCK-2) are of 

possible interest for the diagnosis and therapy of MTC, SCLC, and other tumours 
entities. The derivatives evaluated so far have shown suboptimal targeting properties due 
to very high kidney uptake and instability in vivo, hindering especially the therapeutic 
application. Within this project new minigastrin derivatives will be developed in an 
attempt to address these limitations. Austria is currently working on the development of  
new DOTA-derivatized minigastrin derivatives with improved pharmacokinetic. The 
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peptide analogues will be synthesized and will be initially evaluated for receptor binding 
characeteristics radiolabelled with 111In and 68Ga in Innsbruck. If this first evaluation 
gives promising results, the peptide will be distributed to the project partners for a further 
evaluation after radiolabelling with 177Lu (Austria, Chile, Uruguay, Argentina, Poland) 

 
7. Cooperation among participants 

 
• Cuba will provide hR3 monoclonal antibody (100 mg) each to Italy, Uruguay and 

India. The conjugation of the antibody will be done in the countires. Italy will perform 
radiolabelling on all the three conjugates with 177Lu. 

• Poland will supply the EDTMP freeze dried kits to all the countries who will do 
clinical work, subject cost being covered by IAEA. 

• Italy will collaborate with Austria for preliminary evaluation of conjugated 
peptide regarding labeling with 177Lu and quality control methods. 

• Argentina will collaborate with Uruguay by supplying 177Lu. 
• Austria will distribute minigastrin to Uruguay, Argentina, Poland, Chile 
• India will provide HA particles to Italy for making radiopharmaceuticals for 

HCC. 
• Hungary will help India for doing the biological studies. 
• USA will provide high specific activity 177Lu to Latina American participants 
• Russia will provide high specific activity 177Lu to other participants 
• Italy will provide BFCA to Cuba  
• USA will provide enriched Lu targets to other participants 
• Czech will provide 177Lu to Cuba 
• Cuba can help other participants in carrying out biological studies in rodents and 

monkeys 
• Russia will supply of 177Lu to China 
 

8. Recommendations  
 
• All the participants will interact with the isotope production group in their 

countries and start production of 177Lu using the reactor available in the country. 
Participants needing technical help in isotope production may interact with USA, Czech, 
India and Russia. 

• IAEA may provide the participants high enrich target of 176Lu. 
• A website may be set up where the participants can interact with each other and 

share information. 
• A full list of 177Lu based publications will be compiled and the same will be 

updated on a regular basis. Uruguay will coordinate this work. (Attention: Ms. Balter). 
A PDF version of the papers published within the group may be sent to Ms. Balter. 

• IAEA may support participating countries for training in 177Lu production, and 
development of Radiopharmaceuticals. TC participation in this may be explored 

• IAEA may help the participants to obtain high specific activity 177Lu. 
• IAEA may help the participants by providing certain specialty chemicals (BFCA, 

peptides, antibodies).  
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• Czech is willing to provide 177Lu as bilateral help. However, IAEA may facilitate 
by providing cost of transport.  

• The work plan of the CRP divided into seven components is given in Table 9. A 
coordinator was identified for each of the work component and the Coordinator will 
liaise with the other members of the group to monitor the progress of the respective 
component of the CRP.  (Attention: Individual Coordinators) 

• The participants will interact with each other on regular intervals. Argentina will 
coordinate a six monthly interaction among the participants. (Attention: Mr. Crudo) 
 
9. Conclusion 

 
The first research coordination meeting gathered participants and experts actively 

involved in radiopharmaceuticals development as well as in isotope production.  
Participants made comprehensive presentations covering the work performed on 
therapeutic radiopharmaceuticals development at each of the participating MS and the 
reactor/isotope production facilities each country have for the preparation of 177Lu. The 
presentations of the meeting provoked discussions and exchange of ideas that reflected 
the Participants’ work plans for the CRP. The RCM reviewed the most critical issues of 
development of therapeutic radiopharmaceuticals using 177Lu. 

 
Most of the participants are already well experienced in development of therapeutic 

products and are equipped with laboratories suitable for radiopharmaceuticals production. 
Majority of the participants were confident of making 177Lu of sufficient specific activity 
and high enough quantity in their country using the existing facilities.   

 
Development of 177Lu-EDTMP for bone pain palliation was given one of the 

highest priorities within the scope of the CRP. The radiopharmaceuticals group 
participating in this CRP will liaise with the participants of the clinical CRP on the use of 
177Lu-EDTMP in metastatic prostate cancer to ensure the clinical use of the product. 

 
Development of 177Lu-Lipiodol or other radiopharmaceuticals for treatment of 

hepatocellular carcinoma (HCC) was identified as other products of interest. AntiCD 20 
and hR3 monoclonal antibodies will be labelled with 177Lu for treatment of primary 
cancers. The peptides, Substance P and minigastrin derivatives will be labelled with 177Lu 
under the scope of the CRP.  
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Table 9: Proposed Work Plan 
 
 Scope of the Work Coordinator Participating Countries 
1. 177Lu Production Pakistan 

Mr. M.M. Ishfaq 
 

Argentina, Brazil, Chile, 
China, Czech, India, Italy, 
Pakistan, Peru,  Poland, 
Russia, USA 

2.  177Lu-EDTMP Poland 
Ms. R. Mikolajczak 
 

Argentina, Chile, China, 
Czech, Cuba, Hungary, India, 
Pakistan, Peru,  Poland, USA, 
Uruguay 

3. 177Lu-HCC Agents India 
Ms. Sharmila Banerjee 
 

China, Hungary, India, Italy, 
Pakistan, Poland, Russia. 

4. 177Lu-hR3 Cuba 
Mr. Rene Leyva 
Montaña 
 

Argentina, Brazil, China, 
Czech, Cuba, Hungary, India, 
Italy, Pakistan, Poland, 
Uruguay 

5. 177Lu-Anti CD 20 Uruguay 
Ms. H. Balter Binsky 
 

Argentina, Brazil, Cuba, 
Poland, Uruguay 

6. 177Lu-Substance P Italy 
Mr. M. Chinol 

Argentina, Austria, Brazil, 
China, India, Italy, Peru,  
Poland, Uruguay 

7. 177Lu-Minigastrin Austria 
Ms. Elisabeth von 
Guggenberg 
 

Argentina, Austria, Chile,  
Cuba, Poland, Uruguay 
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RADIOPHARMACEUTICALS LABELLED WITH 177Lu FOR TARGETED 
THERAPY 
 
 
 J. CRUDO, N. NEVARES 
 División Radiofarmacia, Centro Atómico Ezeiza, Comisión Nacional de Energía 

Atómica, Buenos Aires, Argentina 
 Chief scientific investigator: 

J.L. Crudo, Chemical Sciences MsC (Head of Radiopharmacy Div.) 
Scientific staff: 
N.N. Nevares, Chemical Scienes MsC (Radiopharmacy Div.) 
E. R. Obenaus, Chemical Sciences MsC (Radiopharmacy Div.) 
G. Rutty-Sola, Biological Sciences MsC (Head Radiochemical Control Group.) 
D. Botazzini, Chemical Sciences MsC (Head of Radionuclide Production Div.) 
P.Parma, Nuclear Physician (Head of Nuclear Medicine Department, Roffo´s 
Institute) 
J.H. Perez, Technician (Radiopharmacy Div.) 
M.A. Zapata, Technician (Radiopharmacy Div.) 

 
Abstract. The main objective of this co-ordinated research programme (CRP) is to 
generate know how and expertise in all participating countries for the production of 
medium or high s.a.177Lu and the preparation of some therapeutic radiopharmaceuticals 
with it for radionuclide therapy. The present work summarize the experience carried out 
in our laboratory in the ten last years in the field of labelling biomolecules with 177Lu and 
propose future works related with this Agency`s CRP entitled "Development of 
therapeutic Radiopharmaceutical based on 177Lu for radionuclide therapy". 
 
 
INTRODUCTION 
The National Atomic Energy Comission has promoted the development and the 
application of radioisotopes and radiations in Nuclear Medicine and radiotherapy in 
Argentina. The Radiopharmacy Laboratory of the Ezeiza Atomic Center has a solid 
experience in the field of radiolabelling biomolecules such as monoclonal antibodies (fc-
501, 14f7, IOR-CEA1, Rituximab), biotine derivatives (EB1, DB2, Norbiotinamine) and 
peptides (RC-160, vapreotide, tyr-octreotide) with different beta emitters radionuclides: 
90Y, 188Re [1], 131I, 153Sm and 177Lu [1]. 

 
In the last eigth years the work was focused on direct and indirect 188Re labelled 
techniques because of the provision to our lab of a 188W/188Re generator throught the 
Agency. During the 1997-1998 period, the work include labelling techniques with 153Sm 
and 177Lu of low specific activity applied to IgG using cDTPA as BFCA. During the next 
three years it will be expected to produce medium specific activity 177Lu in the 
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Production Reactor RA-3 of the Ezeiza Atomic Center. This fact is going to give us the 
possibility of labelling EDTMP and Rituximab for radionuclide therapy in two Nuclear 
Medicine Centres. 
Lutetium-177 has favorable characteristics for peptide receptor radionuclide therapy 
(PRRT) such as 6.71 d half life, beta decay energy βmax of 497 keV (78.7 %) and 
gamma rays of 208 keV (11 %) and 113 keV (6 %) which allows for quantitative gamma 
camera imaging in biokinetic and dosimetry estimation. In fact, the octapeptide 177Lu-
DOTA-Tyr3-octreotate (177Lu-DOTA-TATE) has demonstrated a high stability and 
promising results for somatostatin receptor-positive tumour therapy in animals and 
humans [1] [1] [1]. 
 
Cholecystokinin-2 (CCK-2) receptor protein has been identified in cell-membranes of 
medullary thyroid carcinomas (92 %), whereas it is absent in differentiated thyroid 
cancers. CCK-2 receptors are also frequently found in astrocytomas (65 %), stromal 
ovarian cancers (100 %), small cell lung cancer and in gastrointestinal neuroendocrine 
tumors, especially if somatostatin receptor scintigraphy is negative [1] [1]. In vivo 
targeting of CCK-2 receptor-positive tumors by Minigastrin (MG) analogs has been 
demonstrated [1]. 

 
EXPERIENCE CARRIED OUT IN OUR LABORATORY 
 
Human polyclonal IgG has been used as a model for radiolabelling monclonal antibodies 
(MoAbs) with 177Lu (E β-max = 0.5 MeV; Eγ = 208 KeV, 11 %) by a procedure called 
postconjugate approach. In this procedure unlabelled BFCA (cDTPA) was coupled to 
antibody at molar ratios of 20:1 and 10:1, resulting in a conjugate of antibody and 
chelator. 1 to 2 mg of IgG-DTPA were radiolabelled with 50 µL of 177LuCl3 (s.a. = 3.47 
GBq/mg of Lu) in HCl 0.05 N and 50 µL of 1 M sodium acetate by incubation for 30-120 
min. at room temperature. The best labelling yield for 177Lu-DTPA-IgG was obtained for 
conjugation ratios of 20:1 (cDTPA : IgG) and final pH 5.5, and was 87.7 % (50 min of 
incubation) with a specific activity of 6.66 MBq/mg. The percentage of total activity 
bound to protein for samples incubated in saline of: indirectly labelled IgG (non 
scavenger added) with177Lu was 67 % at 2 h.[1] The postconjugate labelling approach of 
DTPA-IgG with 177Lu showed excellent labelling yields. Their disadvantages are low 
stability in saline and low specific activity. 

 
FUTURE WORKS (PROPOSAL) 
 

3.1 Optimization of  177Lu specific activity (s.a.) 
 

In the past years the highest 177Lu s.a. obtained from natural targets (2.6 %) in the 
RA-3 was 3.47 GBq/mg of Lu (93.8 mCi / mg). Using a 176Lu enriched target (39.6 % 
isotopic enrichment) is expected to obtain 177Lu with a minimal s.a. of 52.86 MBq/ mg 
(1.43 Ci/ mg). It would be neccesary to optimize parameters to obtain higher s.a. than 
before.  
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One potential contribution in the CRP is to provide (with a cost to determine) 
medium s.a.177Lu produced at the Ezeiza Atomic Center to the Centro de Investigaciones 
Nucleares (Montevideo, Uruguay). 

 
3.2 Labelling of DOTA TATE with 177Lu 
A 10µl aliquot of the 177LuCl3 (5,0 mCi) (Nordion) solution will be added to 10µg 

of DOTA-TATE (1mg/ml) (Bachem). and 50µl of buffer acetate 1M pH 5.51 and the 
solution will be incubated at 90ºC for 30 minutes. The molar ratio DOTA-TATE/177Lu is 
4. 

 
3.3 Labelling of DOTA MINIGASTRINE (MG) with 177Lu  

A 5µl aliquot of the 177LuCl3 (2,60 mCi) solution will be added to 20µg of DOTA-
MINIGASTRINE (1mg/ml) (PiChem) and 50µl of buffer acetate 1M pH 5.51 and the 
solution will be incubated at 90ºC for 30 minutes. The molar ratio DOTA-MG/177Lu is 4. 

 
3.4 Conjugation of SCN-Bz-DTPA or SCN-Bz-DOTA to Rituximab and 

posterior labelling with 177Lu. 
Conjugation of isothiocyanatobenzyl-DTPA (SCN-Bz-DTPA) or SCN-Bz-DOTA[1] 

to Rituximab (molar ratio 50:1) will be performed in a 0.1-mol/L NaHCO3 buffer with 
pH 8.2, for 1h at 25 ºC. Another option is the conjugation of NHS-DOTA (1,4,7,10-
tetraazacyclododecane- 1,4,7,10-tetraacetic acid) to Rituximab in a 0.1-mol/L NaHCO3 
buffer and L-ascorbic acid with pH 8.7, for 1h at 37 ºC. 

 
The DOTA-MoAb conjugate will be labelled with 177LuCl3 in an ammonium acetate 

buffer with pH 5.4. The solution will be incubated at 45°C for 60 min.[1] 
 
3.5 Restart 177Lu-EDTMP local production for researcht clinical trials 

177Lu-EDTMP for bone pain palliation radionuclide therapy [1] was produced during 
1997-1998 in the Ezeiza Atomic Center and after that it was discontinued. The proposal 
includes the production and in vitro and in vivo evaluation of a cold kit formulation of 
EDTMP for radiolabelling with low s.a. 177Lu and its clinical application. The proposed 
nuclear physicians for carrying out the above mentioned clinical trial are Dra. Patricia 
Parma (Head of Nuclear Medicine Department, Roffo´s Institute, Buenos Aires, 
Argentina) and Dra. Victoria Soroa (Staff Member of Nuclear Medicine Service, Hospital 
De Clínicas Gral.San Martín, Buenos Aires, Argentina). 
 
CONCLUSION 

The main goal of this project would be the development of 177Lu labelled 
radiopharmaceuticals with medium and high s.a. (if there is available). It would be 
neccesary to optimize radionuclide production techniques for 177Lu, to formulate a cold 
kit of EDTMP, to optimize 177Lu radiolabelling techniques for MoAb and peptides, to 
establish analytical procedures for quality control and to evaluate the in vitro and in vivo 
performance of these differents radiopharmaceuticals.. 
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LABELLING OF RECEPTOR BINDING BIOMOLECULES WITH 177LU AND 
DEVELOPMENT OF CLINICAL FORMULATIONS FOR PATIENT 
APPLICATION      
 

 
 E. VON GUGGENBERG, C. DECRISTOFORO      
 Clinical Department of Nuclear Medicine, Innsbruck Medical University, Anichstrasse 

35, 6020 Innsbruck, Austria       
Abstract 
The overall objective of this Co-ordinated Research Project is to generate know 

how and expertise in participating laboratories for the production and radiochemical 
processing of 177Lu and the preparation of therapeutic radiopharmaceuticals with it. Our 
part in the CRP will include the preclinical development of receptor binding peptides or 
other high specific biomolecules provided by participants of the CRP to be labelled with 
177Lu and the development of clinically useful formulations. We are currently working on 
the development of somatostatin, minigastrin, RGD and VIP analogs radiolabelled with 
different radiometals (99mTc, 111In, 68Ga) and we will extend our current research topics 
on the development of radiolabelled peptides for both diagnosis and therapy. The clinical 
application of 90Y and 177Lu labelled somatostatin analogs is already a well established 
clinical application at our department. Our department can offer expertise covering 
radiolabelling techniques and biological evaluation (preclinical evaluation in vitro, cell 
studies and biodistribution experiments). We will further provide a comparison of 
currently used sources of 177Lu with production sites within the CRP and comparison 
with other radionuclides such as 111In, 68Ga and 90Y. We will participate in the 
development of freeze dried kit formulations and the elaboration of standardised 
analytical procedures for quality control for potential clinical application in clinical 
trials.      
 
Introduction       
The development of radiopharmaceuticals based on 177Lu for radionuclide therapy is 
gaining importance for an increasing number of therapeutic applications in Nuclear 
Medicine. This Co-ordinated Research Project (RCP) has the ambitious aim to develop 
the technology for the production of 177Lu and its radiochemical processing, the 
production and quality assurance/quality control (QA/QC) of bone pain palliating agents 
(phosphonate ligands), the cold kit formulation of EDTMP for radiolabelling with 177Lu, 
the establishment of protocols for QA/QC studies and biological evaluation for 177Lu-
EDTMP, the development of 177Lu based primary cancer specific radiopharmaceuticals 
based on antibodies (antibodies against EGF, PSA, Tenascin and Lymphoma cells) and 
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peptides (somatostatin analogs, substance-P, bombesin analogs/antagonists) and the 
development of 177Lu-Lipiodol (for treatment of HCC). 
Our part in the CRP will include the preclinical development of high specific 
biomolecules to be labelled with 177Lu and the preclinical evaluation in vitro. We will 
provide a comparison of 177Lu with production sites within the CRP with our currently 
used Lu-sources, as well as the comparison with other radionuclides such as 111In, 68Ga 
and 90Y. We will contribute to clinical formulations of 177Lu labelled biomolecules as 
well as the establishment of analytical procedures for quality control for potential clinical 
application in clinical trials.      
Clinical therapeutic applications      
The Clinical Department of Nuclear Medicine in Innsbruck has a long lasting experience 
with several therapeutic applications. The therapy unit has been reconstructed recently, 
reopened in October 2005 and is now consisting of an active zone with 9 beds for 
treatment of patients with high activity radiopharmaceuticals and an inactive zone with 2 
beds for staging and dosimetry. Besides 131I-radioiodine treatment of DTC our 
department is offering a number of other therapeutic applications, comprising the pain 
palliating agents 87Sr-Chloride and 153Sm-EDTMP, as well as the radiocolloids 90Y-
Citrate, 186Re-Sulfide and 169Er-Citrate for radiosynoviorthesis and the CD20 antibody 
90Y-Zevalin for radioimmunotherapy of NHL. The most important clinical application at 
our department is both diagnosis and therapy of neuroendocrine tumours with 
radiolabelled somatostatin analogs (HYNIC-TOC, DOTA-TOC, DOTA-LAN and 
DOTA-TATE) labelled with a variety of radiometals [1, 2, 3]. 177Lu-DOTA-TATE is a 
well established clinical application at our department for patients with somatostatin 
receptor expressing tumours [4]. The above mentioned therapeutic applications are 
performed in collaboration with several clinical groups, such as oncologists, orthopedics 
and haematologists. Another interesting collaboration with radiologists covers image 
fusion of SPECT or PET data with MRI or CT for staging and restaging after therapy. A 
recent clinical collaboration with neurosurgeons is the locoregional administration of 90Y-
DOTA-TOC in patients with malignant brain tumours [5]. 
 
Research facilities and current research topics 
The research facilities available include 3 hot labs, 1 cold chemistry lab for precursor 
synthesis, 4 HPLC systems with radio- and UV detectors (3 of them gradient systems), an 
electronic autoradiography unit, TLC and electrophoresis equipment, dose calibrators, 
access to mass spectrometry and LC-MS system, cell culture facilities, equipment for 
receptor and cell binding studies, animal house, pharmacological labs, work stations for 
radiolabelling with 177Lu, laminar flow units for the labelling of therapeutic 
radiopharmaceuticals for clinical use. For patient studies 4 Gamma cameras and 1 PET 
camera are available. A number of ongoing research projects at our department deal with 
the development of new highly selective targeting molecules.  
Potential contribution in the Co-ordinated Research Project       
Our knowledge in both clinical application, preparation of 177Lu labelled 
radiopharmaceuticals for clinical use and our experience in preclinical evaluation of 
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radiolabelled biomolecules seem suitable for participation in this CRP. We will 
contribute to the development of high specific biomolecules to be labelled with 177Lu and 
the preclinical evaluation in vitro. We will provide a comparison of 177Lu with production 
sites within the CRP with our currently used Lu-sources, as well as the comparison with 
other radionuclides such as 111In, 68Ga and 90Y. We will contribute to clinical 
formulations of 177Lu labelled biomolecules as well as the establishment of analytical 
procedures for quality control for potential clinical application in clinical trials. 
Current research activities       
Within this project we will extend our currently ongoing research topics on the 
development of radiolabelled peptides for both diagnosis and therapy and work towards 
clinically useful formulations for therapeutic applications. Beside continous optimization 
of the somatostatin analogs already in use, including standardised protocols for QA/QC 
[6], the development of automated systems for synthesis [7] and kit formulations [8], we 
are currently working on the development of minigastrin, RGD and VIP analogs 
radiolabelled with different radiometals (99mTc, 111In, 68Ga). 
Radiolabelled minigastrin analogs binding to CCK-2 receptors       
Gastrin analogs are gaining increasing interest for the diagnosis and therapy of MTC and 
SCLC, and other tumours entities of neuroendocrine origine expressing the 
cholecystokinin 2 receptor (CCK-2). The derivatives evaluated so far have shown 
suboptimal targeting properties due to very high kidney uptake, hindering especially the 
therapeutic application. In our ongoing research in this field we are trying to develop new 
analogs with improved pharmacokinetics by chemical modification of the peptide chain 
and to evaluate the diagnostic and therapeutic potential of these derivatives for the 
treatment of CCK-2 receptor positive tumours. 
Within a COST B 12 action we have developed two different 99mTc labelled minigastrin 
analogs based on HYNIC as bifunctional chelator, HYNIC-MG0 [9] and HYNIC-MG11 
[10], and evaluated the biological behaviour in comparison to 111In labelled DOTA-
MG11 (see figure 1), which also has the potential for radiolabelling with 90Y and 177Lu 
for therapy. 
Radiolabelling characteristics as well as stability in vitro and tumour uptake in CCK-2 
expressing AR4-2J rat pancreatic tumour cells were studied together with the biological 
evaluation in nude mice bearing AR4-2J tumour xenografts. All derivatives under study 
show high specific tumour uptake in the animal model. MG11 analogs additionally show 
the advantage of clearly reduced kidney uptake. We are currently working on the 
development of new HYNIC- and DOTA-derivatized minigastrin analogs with improved 
stability against enzymatic degradation in vivo. 
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FIG. 1. Minigastrin derivatives radiolabelled with 99mTc and 111In: a) biodistribution in 
AR4-2J tumour bearing nude mice 4 h p.i.; b) molecular structure of the 99mTc and 111In 
complex. 
Angiogenesis-Targeting: RGD analogs binding to αvß3 integrin 
Tumours depend on sufficient blood supply for their growth. They are able to promote 
new blood vessel formation (neoangiogenesis) via angiogenic factors. Among those 
factors integrin receptors have found to be a potential target for in vivo tumour targeting 
with radiolabelled analogs. Peptides targeting the αvß3 receptor contain the RGD 
sequence (Arg-Gly-Asp) and were described to antagonize neoangiogenesis, e.g., by 
binding to αvß3 receptors on blood vessels. Linear or cyclic peptides and also dimeric 
and polameric forms have shown high affinity for he receptor. Radiolabelled RGD 
peptides have been suggested to visualise neoangiogenesis in tumours in vivo and a 
number of different approaches have been described including 111In, 99mTc, 123I and 18F 
labelled compounds. First patient studies with [18F]Galacto-RGD have show the 
feasibility of a non-invasive quantification of the αvß3-status [11]. 
In a current study we are comparing specifically derivatized RGD analogs for 
radiolabelling with the halogen 18F and radiometals such as 111In, 68Ga, 90Y and 177Lu. 
Halogenation with 18F requires very long radiolabelling procedures including a 
preparative HPLC purification step. A total preparation time <3 hours is rather 
uncomfortable for a PET-tracer with very short half-life. This encouraged us to evaluate 
other radiolabelling strategies, using DOTA-derivatized RGD analogs. 68Ga-DOTA-RGD 
is prepared in 30 min without need of purification. First animal studies in a human 
melanoma tumour model show specific receptor uptake of abut 3 % ID/g 60 min p.i., 
which is clearly higher in comparison with [18F]-Galacto-RGD (with about 1,8 % ID/g). 
Similar results were obtained with 111In-DOTA-RGD. These derivative can be labelled 
with 177Lu for potential therapeutic applications. 
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Within another CRP on the development of Tc-99m based small bio-molecules using 
novel 99mTc cores different other RGD-peptides are under study, showing promising 
behaviour in animal studies [12, 13]. 

 
 
 
 
 
 
 
 
 
 
FIG. 2. RGD derivatives radiolabelled with 99mTc, 68Ga and 111In: a) biodistribution in a 
human melanoma tumour model 1 h p.i.; b) molecular structure of the different 
radiolabelled complexes. 
New VIP analogs for diagnostic and therapeutic applications       
Native VIP radiolabelled with 123I has been successfully used for the diagnosis of 
neuroendocrine tumours. The native peptide has extremely high pharmacological potency 
allowing the application of only few amounts of the peptide. Recently new VIP analogs 
have been developed with agonistic and antagonistic potential, binding to the receptor 
subtypes VPAC1 and VPAC2. These derivatives have been derivatized with DOTA for 
the radiolabelling with trivalent radiometals. In first experiments these derivatives could 
be sucessfully radiolabelled with 111In for SPECT, 68Ga für PET and 90Y and 177Lu for 
therapy. We are currently evaluating the biological characteristics in receptor binding 
studies on receptor expressing tumour cell lines as well as in an animal tumour model. 
Working Plan       
Year 1: evaluation of possible biomolecules to be included in the CRP (peptides, 
antibodies), establishment of analytical procedures and labelling protocols for these 
biomolecules, biological evaluation of biomolecules in cell culture studies, stability 
studies, evaluation of labelling efficiency using 177Lu from different sources, exchange of 
labelling technology with other participating groups  
Year 2: further biological evaluation, in vivo studies in mouse models, development of 
clinically suitable formulations including stability studies, evaluation of influence of 
metal contaminants and specific activity on labelling efficiency, comparison of biological 
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and chemical properties of 177Lu labelled biomolecules with 111In and 68Ga labelled 
counterparts 
Year 3: comparison of 177Lu from different production sites, establishment and 
comparison of analytical procedures for quality assurance of 177Lu labelled 
radiopharmaceuticals, development of clinically useful formulations 
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Abstract 
 
This research project will be focus in the development of methodology for labelling 

biomolecules with 177Lu, quality control procedures to determine radiochemical purity 
and purification procedures to produce labelled molecules with high specific activity and 
with GMP grade to be applied in clinical trials. We have particular interest in work with 
BBN peptide derivatives to be applied in therapeutical procedures in prostate cancer. 
Studies with BBN(7-14)NH2 conjugates radiolabelled with different radionuclides have 
demonstrated receptor-mediated trapping of these radiotracers by GRP-receptor-
expressing cancer cells. Investigation into the synthesis and characterization of M3+-
radiolabeled BBN or GRP analogues have also been reported by several groups. We 
intend to develop technology for the production of 177Lu in the research reactor IAE-R1 
at IPEN and its radiochemical processing. After a very good experience of IPEN on 
working with somatostatine analogue labelled with 177Lu, we intend to study labelling 
conditions to produce BBN derivatives labelled with this radioisotope and applied to 
therapy of prostate cancer. We also intend to perform in vivo and vitro studies to 
determine the specificity of the labelled peptide by receptor tumour cells. IPEN has a 
good relation with local Nuclear Medicine Society that indicates the Hospitals that will 
participate on the clinical protocols.  

 
1. INTRODUCTION 
 
Isotope production capability in IPEN 

 
The Nuclear Energy Research Institute (IPEN-CNEN) was the first Institution in Brazil to 
produce radioisotopes and radiopharmaceuticals.  
 
The IEA-R1 nuclear reactor at IPEN (Babcock & Wilcox Co), a swimming pool reactor, 
operates since 1957, with 235U enriched 20%, maximum termal neutron flux of 
5.1013n/cm2.s (best position). The reactor was recently reformulated to operate at 3.5 
MW, 64 hours a week continously. 
 
Nowadays, the IPEN reactor produces 153Sm and 131I applied in radiopharmaceuticals 
production. The IPEN nuclear reactor has no potency for the production of therapeutic 
radionuclides with high specific activity. The alternative is to import radionuclides like 
90Y and 177Lu. IPEN also imports fission 99Mo, applied in the production of 99Mo-99mTc 
generators. 
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The IPEN produces in the Cyclone 30 cyclotron (IBA, Belgium) 123I, 67Ga, 201Tl 

and 18F (Table 1). The principal characteristics of the Cyclone 30 are: Particle: acelerated 
H-, extracted H+; energy 15-30 MeV; current 350µA; 2 beams and carbon foil extraction. 

 
 
Table 1. Radionuclide production at IPEN cyclotron 
 

Radionuclide Activity (mCi) production/ week 
67Ga 1200-1500 1 
201Tl 350-400 1 
123I 900-1000 1 
18F 6000 8 

 
The local production of some radioisotopes represents an important economy on 

radioisotopes importation (Table 2). 
 
Table 2. Anual economy with local production of radioisotopes 
 

Product Activity  
(mCi in calibration time) 

Anual Economy  
(US$) 

131I 
(60% of demand) 

25000 480,000 
201Tl (100% of demand) 350-400 330,000 
67Ga 
(100% of demand) 

1200-1500 971,000 
                                                                 TOTAL 1,781,000 

 
 
Radiopharmaceutical production at IPEN 

 
The Radiopharmacy Center (CR) of IPEN produces radiopharmaceuticals that are 
distributed to 260 Nuclear Medicine services in the country (Tables 3-6). 
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Table 3. Radiopharmaceuticals produced at IPEN 
 

PRODUCT ACTIVITY (mCi) in 
2005 

[131I]NaI – solution 1,233,413 
[131I]NaI – capsules 293,815 
67Ga – citrate 57,697 
201Tl – chloride 15,948 
[123I] NaI - solution 2,659 
32P – phosphoric acid 1,830 
32P – sodium phosphate 712 
51Cr – chromate and 
chloride 

696 and 1,300 
35S – sodium sulphate 648 

 
In 1981 IPEN started the production and distribution of 99Mo-99mTc generators 

using high activity fission 99Mo. Nowadays, about 270 generators are produced every 
week, varying from 250 to 2000 mCi with a total acitivity distributed at calibration time 
of 420,000 mCi. About 50% of the total generators belong to 1250 and 2000 mCi (Table 
4). 

 
Table 4. 99Mo-99mTc Generators produced at IPEN 

 
mCi 250 500 750 1000 1250 1500 2000 
GBq 9.25 18.50 27.75 37.00 46.25 55.50 74.0 
No of 
generators 
produced/week 

6 28 37 48 29 65 51 
 

Lyophilized kits for labelling with technetium-99m are also produced at IPEN 
(Table 5) and are very important for the application of this radioisotope in different 
diagnostics procedures. Each kit contains 5 lyophilized vials. 
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Table 5. Lyophilized kits for labelling with 99mTc produced at IPEN in 2005 
 

Product Number of kits (2005) 
MDP 11467 
DTPA 3956 
DMSA 2323 
PYP 1626 
ECD 1972 
EC 410 
Sn Colloidal 1145 
DISIDA 498 
DEXTRAN 70 /500 791 
HSA 146 
GHA 20 
FYT 1926 
MAA 2297 

 
Table 6 describes the labeled molecules applied in diagnostic and therapeutic procedures 
distributed by IPEN. 
 
Table 6. Labeled molecules produced at IPEN 
 

Product  
[18F]FDG 6105 doses* 
[131I] MIBG 14001 mCi 
[123I] MIBG 1586 mCi 
[131I] Lipiodol 1575 mCi 
[131I] Hippuran 242 mCi 
[131I] HSA 4 mCi 
[51Cr] HSA 4 mCi 
[51Cr] EDTA 560 mCi 
[153Sm] EDTMP 336 doses** 
[111In]DTPA-Octreotide 378 mCi 
[153Sm] HA 1950 mCi 
[90Y] Coloidal Citrate 505 mCi 

* one dose of [18F]FDG = 20 mCi; ** one dose of [153Sm] EDTMP = 100 mCi  
 

The application of therapeutic radiopharmaceutical in Brazil 
 
The Radiopharmacy Center of IPEN produces, since 1961, 131-iodine as sodium 

iodide solution applied in thyroid diagnostic and therapeutical procedures. The increasing 
application of 131-iodine in therapeutic doses lead to the development of the capsules of 
131I, that facilitated and make more security the administration of high doses of this 
radioisotope. The use of 131I-capsules increase every year reaching 293,815 mCi in 2005 
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and about 400,000 mCi in 2006. 
 

 The IPEN produces 131I-MIBG for therapeutical applications, in the treatment of 
feochromocitoma and neuroblastoma, 131I-Lipiodol for hepatoma therapy and 153Sm-
EDTMP, applied in bone pain palliation resulted from cancer metastasis.  
Hydroxiapatate (HA) labeled with 153Sm, has been applied in treatment of rheumatoid 
artritis. 90Y-Coloidal citrate was also applied in radiosinovectomy but with good results in 
large joints (like knees) due to the high beta energy particles. The 90Y-Coloidal citrate 
distributed nowadays by IPEN are imported from Nordion. The local production is in 
study. 

 
Unfortunately, the production and distribution of radiopharmaceuticals for therapy 

application, with exception of 131-iodine, is not significant, especially if compared with 
the radiopharmaceuticals applied in diagnostic procedures.  

 
The development of new compounds may change this view, especially when 

considering the radiopharmaceuticals based on biomolecules, like peptides and 
monoclonal antibodies, labeled with beta emmiters radionuclides and specifically 
directed against tumor cells.  177Lu-DOTA-octreotate is an example of this kind of 
radiopharmaceutical that can contribute to increase the therapeutical application of 
radiopharmaceuticals in Brazil. 

 
Products in Development 
Production of Radionuclides 
Two radiopharmaceuticals for therapeutical application were recently developed at IPEN 
and are in clinical trials: 177Lu-DOTA-octreotate and 90Y-Hidroxiapatate. 
 
The development of 177Lu-DOTA-octreotate started with an IAEA-CRP (“Comparative 
Evaluation of Therapeutic Radiopharmaceuticals”) concluded in 2005. In this CRP we 
studied the labeling and quality control procedures and evaluated the specificity and 
affinity of the labeled compound for Somatostatin-receptors tumour cells, using in vitro 
and in vivo procedures. 
 
The labeling procedure are performed using DOTA-Tyr3-octreotate (Pichem, Austria or 
Anaspec, EUA, GMP grade) and 177LuCl3 (IDB, Holand, specific activity of 820 
GBq/mg or 22.16 Ci/mg) in a molar peptide to radionuclide ratio of 2.1 (∼26.99 MBq/µg 
or 0.73 mCi/µg of peptide), in 0.4M sodium acetate buffer pH 4.5 for 30 minutes at 90oC. 
Gentisic acid was used as stabilizer and DTPA was added in order to scavenge 
uncomplexed Lutetium. Radiochemical purity > 98% was obtained with very good 
stability (> 48 hours). The sterile and apirogenic labeled peptide was distributed in final 
concentration of about 740 MBq/mL (20 mCi/mL) and the labelling procedures are being 
performed using 200 - 500 mCi of 177LuCl3. 
 
The clinical trials with the 177Lu-DOTA-octreotate started in March, 2006 and IPEN 
distributed until November 2006 about 2.0 Ci of the labeled compound in therapeutical 
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doses varying from 50 to 200 mCi and some diagnostic doses (5 mCi). Two hospitals are 
participating from this clinical protocol: Cancer Hospital – A.C. Camargo and Albert 
Einstein Hospital in São Paulo. The IPEN will start the routinary production and 
comercialization of this product in the next year, after the conclusion of the clinical 
protocol. 
 
Another product that is in the clinical protocol is the 90Y-Hidroxiapatate. This 
radiopharmaceutical presents some advantages in preparation when compared to the 90Y-
Coloidal citrate, particularly related to particle size and stability. 
 
The Nuclear Physicians in Brazil have great interest for Anti-CD-20 antibody labeled 
with beta emiters applied in therapy of non-Hodking lymphoma. We studied the labeling 
of Anti-CD-20 antibody (Rituximab, Mathbera) with iodine-131 with good results of 
labeling yield and stability of the final product. However, the labeled antibody, when 
produced with specific activity of 80mCi/mg, undergos loss of immunoreactivity. The 
therapeutical usefulness of the low specific activity antibody (0.8 mCi/mg), apparently 
with high immunoreactivity as previously described [1] has to be evaluated. 
 
The IPEN also participates of a IAEA-CRP (“Development of generator technologies for 
therapeutic radionuclides”) with the objective of developing radiotherapeutical generator 
such as 188W-188Re and 90Sr-90Y. Our aim at this CRP is to produce in house 188Re and 
90Y generators label molecules with these radioisotopes and distribute them to the clinics. 
 
Some radiopharmaceuticals for diagnostic application based on biomolecules like 
somatostatin derivatives for labeling with technetium-99m (HYNIC-octreotide and 
HYNIC-octreotate) are being studied as well as the labeling of Anexin V (an apoptose 
marker) with 99mTc using different methods. The labeling of Arg-Gly-Asp (RGD) 
sequence peptide and a bombesin analog with 99mTc are being developed using the 
tricarbonil method, as part of a IAEA-CRP in course (“Development of 99mTc based small 
biomolecules using novel 99mTc cores”). 
 
Lyophilized kits of Ciprofloxacin, Metoxiisobutilisonitrila (MIBI) and Glucarate, for 
labeling with technetium-99m have been developed.  

 
The participation of clinical groups on clinical protocols 

 
The IPEN works with the colaboration of many clinical Hospitals and institutions to 
develop clinical protocols of new products. The IPEN and the Brazilian Society of 
Nuclear Biology and Medicine and Molecular Imaging (SBBMN) are stablishing now the 
rules for clinical protocols with the radiopharmaceuticals developed at IPEN. The Society 
will indicate the Clinical Institutions with competence and infrastructure to develop the 
clinical protocols.   
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2. THE OBJECTIVES AND PORPOSAL FOR THIS CRP 
 

Labeling of bombesin analogs with 177Lu 
 

Radiolabeled small receptor-avid peptides have attracted considerable interest because of 
their wide applicability in the development of target-specific radiopharmaceuticals. 
Regulatory peptide receptors are overexpressed in numerous human cancers. These 
receptors have been used as molecular targets by which radiolabeled peptides can localize 
cancers in vivo and, more recently, to treat cancers with peptide receptor radiation therapy 
(PRRT) [2,3]. 
 
Gastrin-releasing peptide (GRP) receptors have been shown to be expressed with high 
densities on several types of cancer cells including prostate, breast, small cell lung, and 
pancreas cancer. Bombesin (BBN) has been known to bind to GRP receptors with high 
affinity and specificity [2]. 
 
BBN is a 14-amino-acide peptide present in amphibian tissues, whereas GRP, its human 
counterpart, consists of 27 amino acids. Like many of the regulatory peptides, GRP elicits 
a broad spectrum of biological responses including secretion of adrenal, pituitary, and 
gasrointestinal (GI) hormones as well as gastric acid secretion. It acts primarily in the 
central and enteric nervous systems, where it regulates several processes including 
satiety, thermoregulation, circadian rhythm, smooth muscle contraction and immune 
function [4,5]. 
 
BBN and GRP mediate their actions through membrane-bound, G protein coupled 
receptors (GPCR), characterized by 7 transmembrane domais, which cluster to form the 
ligand-binding pocket. There are 4 known subtypes of BBN-related peptide receptors 
including GRP-R (BB2, BRS-2), NMB-R (neuromedin B receptor, BB1, BRS-1), the 
orphan receptor bb3-R (BRS-3), and the amphibian receptor bb4-R, although cognate 
ligands for the last two have yet to be described for mammals [4]. 
 
The GRP receptor is becoming an increasingly attractive target for development of new 
radiolabeled peptides with diagnostic and therapeutic potential [6]. Significante progress 
has been made over the past few years in developing effective strategies to produce 
radiolabeled BBN analogs that specifically target GRP-receptor-expressing cancer cells, 
focused on developing radiometallated BBN analogs in which radiometal chelates are 
linked to the BBN(7-14)NH2 sequence that serves as the highly  specific GRP-recepto-
binding motif. This sequence was selected since the BBN derivatives containing this 
sequence have been shown to bind in an agonist manner to the GRP receptors [2]. 
 
Studies with BBN(7-14)NH2 conjugates radiolabeled with different radionuclides have 
demonstrated receptor-mediated trapping of these radiotracers by GRP-receptor-
expressing cancer cells [2]. Investigation into the synthesis and characterization of M3+-
radiolabeled BBN or GRP analogues have also been reported by several groups, as 
described in Table 7. 
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Table 7: Representative BBN analogues labeled with different radionuclides 
 
BBN analogue Radio. Results Ref. 
CHX-B-DTPA-8-
Aoc-BBN(7-14) 

 
111In 

-high binding to adenoviral vector AdCMVGRPr 
infected SKOV3.ipl ovarian cancer cells 
(∼42.7%) 
- high degree of internalization and retention of 
the conjugate (60% at 15 min, 58% at 2 h) 

 [7] 
Rogers 
et al. 
(1999) 

(DTPA-Pro1,Tyr4)BN 
(agonist)  
 
(DTPA-Tyr5,D-
Phe6)BN(5-13)NHEt 
(antagonist) 
 

 
 
111In 

- each of the two conjugates expressed high 
affinity for the GRP receptor in 7315b rat 
pituitary tumor cell membranes; 
-(DTPA-Pro1,Tyr4)BN demonstrate in vitro 
internalization inherent to agonistic binding also 
showed higher uptake in the tumor. 

 
 [8] 
Breema
net al. 
(1999) 

(DTPA-Pro1,Tyr4)BN 
 
(DOTA-
Pro1,Tyr4)BN 
 
(DTPA-ε-
Lys3,Tyr4)BN 
 
(DOTA-ε-
Lys3,Tyr4)BN 

 
 
111In 

- The radiolabeled agonists bound specifically to 
the GRP receptor and were internalized in a 
temperature-dependent manner (CA20948 rat 
pancreatic tumor cells); 
-111In-(DOTA-Pro1,Tyr4)BN showed a higher 
uptake of radioactivity in GRP receptor-positive 
tissues as well as higher target-to-blood ratios; 
-111In-(DTPA-Pro1,Tyr4)BN was easier to handle 
and is more practical to use 

  
[9] 
Breema
net al. 
(2002) 

DOTA-X-BBN(7-
14)NH2 analogs, 
 
X = 0 carbon, β-Ala, 
5-Ava, 8-Aoc or 11-
Aun spacer moieties 

 
 
111In 

- high binding affinities for GRP receptors in 
human PC-3 androgen independent prostate 
cancer cells in vitro (i.e. IC50 values ranging from 
0.6 to 2.4 nM)  included those with 3, 5, or 8-
carbon spacer moieties; 
- analogs where X = 5-Ava and 8-Aoc exhibit 
high specific localization in the pancreas, a 
normal GRP receptor expresssing tissue, and 
efficient clearance from the blood primarily via 
the renal-urinary pathway. 
-111In-DOTA-8-Aoc-BBN(7-14)NH2 demonstrate 
in vivo uptake in human prostate PC-3 
xenografed flank tumors (3.63 ± 1.11 %ID/g at 1 
h p.i.) 

 
[2] 
Hoffma
n et al 
(2003) 

DOTA-8-Aoc-
BBN(7-14)NH2  
(BBN-8) 

 
177Lu -pre-clinical evaluation exhibits an IC50 of 0.5 ± 

0.1nM in GRP recepor-expressing PC-3 tumor 
cells; 
- receptor-mediated, tumor targeting of the PC-3 
xenografted SCID (severe combined 
immunodeficiency) mice resulted in tumor uptake 
and retention values of 4.22±1.09, 3.03±0.91, and 

 
[10] 
Smith 
et al. 
(2003) 
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1.54±1.14 %ID/g at 1, 4, and 24h, respectively. 
 

S4-5-Ava-BBN(7-
14)NH2 

105Rh 
Rhodiu
m 

- IC50 value of 4.76±0.79 nM on Swiss 3T3 
fibroblasts. 
- GRP receptor specific uptake in normal pancreas 
was found to be 2.25±1.02 %ID/organ 

[11] 
Hoffma
n et al. 
(1997) 

DTPA-DTyr6,β-
Ala11,Thi13 BBN(6-
14) (BZH1) 
 
DOTA-DTyr6,β-
Ala11,Thi13 BBN(6-
14) (BZH2) 
(Pan-BBN 
compounds) 

 
177Lu 
 
90Y 
 
111In 

-both are internalized rapidly (10-20% in 30 min) 
by PC-3 or AR42J cells reaching 30-40% by 6 h. 
-blood clearance of both is very fast with 0.015 
%ID/g remaining in the blood at 4 h. 
-90Y-BZH2 and 177Lu- BZH2 may already be good 
candidates for targeted radiotherapy in patients. 
-lower affinity for GRP-R and NMB-R recepors 
compared with Lu-AMBA. 

 
[12] 
Zhang 
et al. 
(2004) 

 
DOTA-G-4-
aminobenzoyl- 
BBN(7-14)NH2  (AMBA) 

 
 
177Lu 

-177Lu-AMBA binds specifically to GRP-R and 
NMB-R-bearing human tumor tissues with no 
binding affinity or low binding affinity to bb3 
receptor. 
-excretion primarily renal; 
-great tumor retention (24 hs) than BBN-8; 
-kidneys uptake is ∼ 50% lower than that of the 
SM receptor-targeted peptides and is not reduced 
further with coadministration of L-lysine; 
-the efflux after 2h is markedly reduced for 177Lu-
AMBA versus the BBN and Pan-BBN ligands. 
Very little radioactivity escapes from cells once 
targeted with 177Lu-AMBA confirming the unique 
qualities of the molecule. 
-a phase I single-dose clinical trial with 177Lu-
AMBA is in progress (Bracco Imaging, started in 
October 2005 in hormone refractory prostate 
cancer) for imaging and systemic radiotherapy .   

  
[13] 
Lantry 
et al. 
2006 

(Tyr4)BN 
 pGlu-Gln-Arg-Tyr-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2                                                Q – W – A –V – G – H – L –M - NH2 (DTPA-Pro1,Tyr4)BN or (DOTA-Pro1,Tyr4)BN  
DTPA/DOTA-Pro-Gln-Arg-Tyr-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2 
(DTPA-ε-Lys3,Tyr4)BN or (DOTA-ε-Lys3,Tyr4)BN 
pGlu-Gln-(DTPA/DOTA-ε-Lys)Tyr-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2 DOTA-8-Aoc-BBN(7-14)NH2 DOTA-8-aminooctanoic acid- Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2                                               DOTA-G-4-aminobenzoyl- BBN(7-14)NH2 DOTA-glycyl-4-aminobenzoic acid- Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2  

Further progress in developing GRP receptor targeted radiopharmaceuticals will 
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require additional efforts in understanding the structurally sensitive mechanisms involved 
in the binding of these derivatives to GRP/BBN receptors, the subsequent residualization 
of the radiotracer in GRP receptor expressing cancer cells, and finally, efficient clearance 
of non-residualizing radiolabeled peptide fron non-target tissues [6]. 

 
Pharmacologic side effects of the BN receptors agonists have to be considered. Because 
of the localization of NMB-R and bb3-R in normal human tissues is virtually unexplored, 
one cannot yet exclude the appearance of unwanted side effects related to yet unknown 
physiologic BBN targets [4]. 

 
However, acute toxicity tests of 177Lu-AMBA have been performed in mouse, rat and 
monkey sufficient to allow clinical trials to start in cancer patients. No unexpected toxic 
or pharmacologic responses were noted, even at the highest blocking doses of 10 mg/kg 
in mice which is about 10 000 times the doses given to man [4]. 

 
Combined radiotherapy/chemotherapy continues to hold some promise as a treatment 
modality for human cancers and has been demonstrated in animals using 177Lu-BBN 
analogue. In the recent Johnson et al´s paper, it is reported that GRP-receptor-targeted 
radiotherapy in combination with traditional chemotherapy results in 30% increase in 
mean survival as compared to targeted radiotherapy or chemoterapy administered as 
single-agent therapies [14]. 

 
Specific Objectives 

 
This research project will be focus in the development of methodology for labelling 
biomolecules with 177Lu, quality control procedures to determine radiochemical purity 
and purification procedures to produce labeled molecules with high specific activity and 
with GMP grade to be applied in clinical trials. We have particular interest in work with 
BBN peptide derivatives to be applied in therapeutical procedures in prostate cancer. 
 
 
3. MATERIAL AND METHODS 
 

• Development of technology for the production of 177Lu in the research 
reactor IAE-R1 at IPEN and its radiochemical processing 

177Lu can be produced by two different routes: irradiation of natural or enriched 
Lu2O3 target, as also by irradiation of Yb target (Yb2O3) followed by radiochemical 
separation of 177Lu from Yb isotopes. The two production routes lead to the product 
with different specific activities. Although the specific activity obtained in (n,γ) 
activation is usually low, it could be further enhanced considerably by using Lu target 
enriched in 176Lu, by carrying out irradiation in a high flux reactor, as well as 
optimizing the duration of irradiation. The activation of 176Yb and subsequent β- 
decay gives no carrier added 177Lu [16]. 
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Our studies will include: 
o Irradiation of targets containing Lu to measure the production yield and 

specific activity of 177Lu and possible contaminants (direct reaction); 
o Irradiation of targets containing Yb to measure the production yield and 

specific activity of 177Lu and possible contaminants (indirect reaction); 
o Development of a chemical separation method in order to separate 177Lu and 

Yb; 
o Establishment of quality control methods for 177Lu: radiochemical, 

radionuclidic and chemical purities; 
o Definition of the production route of 177Lu; 
o Establishment of the production capacity of 177Lu at IPEN. 

 
• Development of 177Lu based primary cancer specific radiopharmaceuticals: 
bombesin analogs for prostate cancer therapy including: 
o Selection of the BBN analogue 
o Study of labeling conditions (pH, molar peptide:radionuclide ratio, reaction time 

and temperature); 
o Study of the in vitro stability of the labeled compound (in saline and plasma); 
o Stablishment of a protocol to determine radiochemical purity of the preparations 

(ITLC-SG, SepPack C18 cartdrige, HPLC); 
o Development of purification procedure (SepPack C18 cartdrige) in order to 

produce high specific activity radiopharmaceutical. 
 

177Lu is a radiolanthanide element that is ideally suited for radiotherapeutic applications 
due to its attractive physical characteristics and ready availability. 177Lu has a 6.71 d half 
life and emits a medium energy β- particle (Eβ-max = 0.497 MeV). Furthermore, the 
presence of a low-abundance 208 keV gamma photon allows for ex vivo evaluation of the 
in vivo targeting efficacy of the administered 177Lu biomolecular targeting agent. 177Lu 
has a maximum particle range of about 2 mm, making it a more favorable radionuclide 
for radiotherapeutic application in smaller tumors [10]. 

 
Trivalent metallic radioisotopes, such as the radiolanthanides, are particularly attractive 
for use in diagnostic and/or therapeutic procedures in nuclear medicine. The 
radiolanthanides exist primarily in an oxidation state of 3+ and can be stabilized by hard 
donor atoms such as nitrogen or oxygen. The mechanism of ligand coordination is more 
often ionic, rather than covalent, for these trivalent isotopes, and therefore, multidentate, 
macrocyclic, polyamino-carboxylate ligand frameworks such as DTPA or DOTA (DTPA 
= diethylenetriaminepentaacetic acid; DOTA = 1,4,7,10-tetraazacyclododecane-
N,N´,N´´,N´´´-tetraacetic acid) are often utilized to produce kinetically inert, in vivo 
stable conjugates [15]. 

 
Radiolabeling strategies for the conjugated peptide include heating (80 – 100oC) for short 
periods of time (10 - 60 minutes) at pH 4.5 – 6.0 in order to obtains radiochemical yields  
≥ 95% [2,6,10,13]. 
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• In vivo and in vitro assays with the labeled peptide 
o Biodistribution studies in laboratory animals to predict pharmakocinetic behaviour, 
in vivo stability and tumor affinity (biodistribution in normal Swiss mice and Nude 
mice with tumor to determine the %I.D./g of tissue or tumor) and scintigraphic 
images of the tumor model animals; 
o Internalization assay in tumor cells (AR42J or PC-30 cells) - in vitro assay. 

 
• Clinical protocol 

 
The experimental conditions developed will be extended to the production plant in order 
to produce the labeled molecule under GMP conditions to be applied in clinical trials.The 
Radiopharmacy Center of IPEN will establish clinical protocols with Nuclear Medicine 
Center and Hospitals that are reference in cancer therapy in Brazil, in accordance and 
with the colaboration of the Brazilian Nuclear Medicine Society. 
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Abstract. This research project will be focus in the challenger to develop 

technology for the production of 177Lu in the research reactor and its radiochemical 
processing, methodology for labelling compounds and biomolecules with 177Lu, 
development of quality control procedures to determine radiochemical purity, purification 
procedures and biodistribution studies because the 177Lu is one of the most favoured 
radionuclide for radiofarmaceuticals applications. The Chilean Nuclear Energy 
Commissions has a research reactor pool type with a flux of 5x 10 13 n/cm2 x seg, working 
since 1974. Clinicals and Hospitals will participate on the clinical protocols.  

  
Introduction: Radionuclide therapy (RNT) employing radiopharmaceuticals 

labeled with β- emitting radionuclides is fast emerging as an important part of nuclear 
medicine. Development of sophisticated molecular carriers and the availability of 
radionuclides in high purity and adequate specific activity are contributing towards the 
above successful applications. Radionuclide therapy is effectively utilized for bone pain 
palliation, thus providing significant improvement in quality of life of patients suffering 
from pain resulting from bone metastasis. Targeting primary diseases by using specific 
carrier molecules labeled with radionuclides is also widely investigated and efficacious 
products have been emerging for the treatment of Lymphoma and Neuroendocrine 
tumors. 

In order to ensure the wider use of radiopharmaceuticals, it is essential to 
carefully consider the choice of radionuclides that together with the carrier molecules 
will give suitable pharmacokinetic properties and therapeutic efficacy. The criteria for the 
selection of a radionuclide for radiotherapy are suitable decay characteristics and its 
chemistry properties. However, the practical considerations in selecting a radionuclide 
for targeted therapy are availability in high radionuclidic purity as well as high specific 
activity and low production cost and comfortable delivery logistics. 177Lu is one of the 
isotopes emerging as a clear choice for therapy.  

Patients suffering from breast, lung and prostate cancer develop metastasis in bone 
in the advanced stage of their diseases and therapeutic radiopharmaceuticals such as 
153Sm-EDTMP and 89SrCl2 are used effectively for pain palliation due to skeletal 
metastases. Despite the fact that the above bone pain palliating agents give good clinical 
results; their wider use has met with practical difficulties. 177Lu produced in the low to 
medium flux research reactors can be used for bone pain palliation. High specific activity 
177Lu that is prepared in high flux research reactors is needed for radiolabelling antibodies 
and peptides. The wider availability of 177Lu will make it feasible for the production of 
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therapeutic radiopharmaceuticals. 
 
Overall Objective of the CRP 
 

The overall objective of the CRP is to generate know-how and expertise in the 
participating laboratories for the production and radiochemical processing of 177Lu and 
the preparation of therapeutic radiopharmaceuticals with it.  
 
Production capability  in Chilean Nuclear Energy Commission (CCHEN) 
To develop this CRP our Isotopes production and lyophilized kits capabilities in the 
country  is: Table 1,Figure 1 and table 2 and figure 2. 
 

Table 1. Radioisotopes production. 
Catalogue Description Activity ( mCi) Nº of produced 

batches  
Tc-09901 Sodium Pertecnetate 439.239 179  

 
I-131000 Sodium Iodide 190.142              57 
Ir-192000 Iridium-Pt 1.092  15  

 
P-032020I Phosphoric Acid 29  10  

 
Cu-064010 Copper Sulfate 11               9 
Rb-086010 Rubidium Chloride 8   7  

 
Total  630.521            277 

 
 

Fuente información: Comisión Chilena de Energía 
Nuclear (CCHEN), Mi
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FIGURE 1. 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Kits for labelling with 99m Tc (2005) 

DTPA 160 kits 
FITATO 14 kits 
DMSA 157 kits 
SULFUR COLLOID 130 kits 
RED BLOOD CELLS IN VIVO 34  
RED BLOOD CELLS IN VITRO 16  
MDP 397 
DISIDA 45 
MAG3 41 
MIBI 241 
TOTAL  1235 
 
 
 
 

Distribución de Radioisótopos 2005 (mCi)

I-131
30.15%

Tc99m
69.66%

Ir-192
0.17%

Otros
0.02%
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FIGURE 2. 
We  can produce this type of labeled molecules.table 3. 
Table 3. Labeled molecules produced in CCHEN (2005) 
Catalogue Activity ( mCi ) Nº of produced 

batches 
131I-MIBG I-13107I 233 36  
99mTc-DTPA Tc-19902I 30 1  
153Sm-EDTMP Sm-15301I 1.300 13 
18F-FDG 7.092 591 
Total 8655 641 

 
 

Our ability to make 177 Lu with Lu2O3  is:  
• 1 mg of natural Lu2O3  
• Thermal Neutron Flux: 5×1013  n cm-2 s-1 
• Irradiation Time:  1 day 
 

Juegos de Reactivos 2005 (kits)

MDP
31%

DTPA
13%

DMSA
13%

DISIDA
4%

COLOIDE-S
11%

MAG-3
3%MIBI

20%

FITATO
1%GR IN VITRO

1%

GR IN VIVO
3%
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Table 4. Lutetium Nuclides 
Nuclide          T1/2 Ni , nucleous Ai, mCi Mi, mg 
175Lu 2.94883 E+18 - 0.85664 E+00 
176gLu 7.77918 E+16 - 2.27280 E-02 
176mLu            3,7 h 4.57135 E+13 64.64 1.33559 E-05 
177gLu  6,7 d 6.73129 E+14 21.75 1.97783 E-04 
177mLu  160 d 2.35673 E+12 3.17 E-03 6.92471 E-07 
 
M = 0.87958 mg 
SA (Lu176m) = 64.64 / 0.87958 = 73.49 mCi/mg 
SA (Lu177) = 21.75 / 0.87958 = 24.73 mCi/mg. 
 
In the same condition we have for 1 mg of enriched Lu2O3 . 
• Φth = 1.6×1013 n cm-2 s-1 
• Irradiation Time continuously: 36 hr 
 
Table 5. Specific Activity, [mCi/mg] Lutetium. 

Lu2O3 natural Lu2O3 enrichedal 72 %  
ITN Portugal CCHEN Chile ITN Portugal CCHEN Chile 

176mLu 40 24 10 7 
177gLu 20 12 500 321 
 
  
Table 6. Comparision natural Lu and enriched Lu. 
 Lu2O3 natural Lu2O3 enriched 

E = 74.4 % 
Lu2O3 enriched 
E = 82 % 

Nuclide A, mCi SA, mCi/mg A, mCi SA, mCi/mg A, mCi SA, mCi/mg 
176mLu 64.64 73.49 16.98 19.24 11.94 13.52 
177gLu 21.75 24.73 624.29 707.23 688.06 779.16 
 
 
(iii) Our Research Program includes: 
• Research in Radiopharmaceuticals labelled with 99mTc, because its characteristic to 

chelate several ligands makes this isotope of choice in nuclear medicine. 
• We have moreover research with F-18; we currently distribute 18F-FDG for PET 

images, but it is necessary to go on in cerebral images. 
• We started this year with a CRP on fission 99Mo production with Low Enriched 

Uranium (LEU). 
• The line to study Bisphosphonates and Phosphonates since 2002 to 2008. 
 
c) Work with 177Lu  
In 2000 we started with 177Lu production, and we have achieved the labelling of MDP 
and HEDP with 153Sm, 166Ho and 177Lu. The obtained results were shown in the 8th 
Congress of World Federation of Nuclear Medicine and Biology in 2002.  From that time 
to now we only have few experimental evidences. 
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d) Therapeutic Radiopharmaceuticals applications in our country 
In the line of radiopharmaceuticals for therapy we have obtained 166Ho to label 
Hydroxyapatite for radiosinovectomy, 153Sm-EDTMP for bone methastasis and 131-I-
MIBG for neuroendocrine tumors, all of them developed at CCHEN. 
 
Obviously our country can import radiopharmaceuticals like 177Lu –Peptides or 
microspheres labelled with 90Y. For us it is very important to develop technology and to 
obtain upgrades to make ourself these critical products. 
 
e)  Finally, but not less important, we have obtained the compromise of 

participating of: 
• Clínica Alemana (Dr Horacio Amaral) 
• Fundación Arturo Lopez Pérez (FALP) 
• Hospital Dirección Previsión de Carabineros (DIPRECA) (Dr Jose Canessa). 
 
All of them would like, as soon as possible, different products .They coincide in the 
explanation that the development of palliatives to bone metastasis is important but not 
critical. For them, the labelling of peptides is urgent to have the local experience and the 
ability to discuss with the producer (CCHEN) about production and quality control of this 
radiopharmaceuticals. 
Material and Method 
Work Plan for the first year, including proposed methods or techniques: 
• Radioisotope Production (12-16 weeks) 
1 Target preparation (encapsulation, testing) 
2. Target Irradiation (target mass, irradiation time, neutron flux, specific activities) 
3. Post irradiation target processing (dissolution, quality control) 
 
• Chelation Chemistry of Bone Pain Palliating Agents.(8-16 weeks) 
1. Differents ligands 
2. Maximizing complexation Yield (ph, ligand/ matal ratio, concentration) 
3. Quality Control 
4. In Vitro Stability (time, temperature) 
 
• Bio-distribution studies  (12 -16 weeks) 
1. Development of the animal model 
2. Administration, evaluation (bone uptake, imaging?? ) 
3. Conclusions 
• Sharing Results between research centers with different technical capabilities. 
• We are very interested to start with peptides labeling with 177Lu to supply to Clinical 

and Publics Hospital. 
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PREPARATION AND EVALUATION OF 177Lu LABELED 
RADIOPHARMACEUTICAL USED IN TREATMENT OF BONE CANCER 
PAIN 
 

Luo Zhifu, Deng Xinrong, Xiang Xueqin 
(Department of Isotope, China Institute of Atomic Energy, China) 

 
Abstract 
In this paper theoretical yields of 177Lu from different nuclear reaction with different 
reactor have been calculated. The experiments on labeling of EDTMP with 177Lu, the 
formulation of EDTMP kit, and the evaluation of 177Lu-EDTMP in animals have been 
designed. Quality control methods for 177Lu and 177Lu-EDTMP are also involved. The 
research of labeling of PSA and AFP with 177Lu will be done, too. 
 
From our calculations, we can get the 177Lu with the specific activity of 1900GBq/gLu 
from the natural Lu target, so we can try to use the Miniature Neutron Source Reactor 
(MNSR) for preparing of 177Lu. 
 
1. Introduction 
 
 Radionuclide therapy (RNT) employing radiopharmaceuticals labeled with β- 
emitting radionuclides is fast emerging as an important part of nuclear medicine. 
Development of sophisticated molecular carriers and the availability of radionuclides in 
high purity and adequate specific activity are contributing towards the above successful 
applications. Radionuclide therapy is effectively utilized for bone pain palliation [1,2], thus 
providing significant improvement in quality of life of patients suffering from pain 
resulting from bone metastasis. Targeting primary diseases by using specific carrier 
molecules labeled with radionuclides is also widely investigated and efficacious products 
have been emerging for the treatment of Lymphoma and Neuroendocrine tumors. 
 
 In order to ensure the wider use of radiopharmaceuticals, it is essential to carefully 
consider the choice of radionuclides that together with the carrier molecules will give 
suitable pharmacokinetic properties and therapeutic efficacy. The criteria for the 
selection of a radionuclide for radiotherapy are suitable decay characteristics and 
amenable chemistry. However, the practical considerations in selecting a radionuclide for 
targeted therapy are availability in high radionuclidic purity as well as high specific 
activity and low production cost and comfortable delivery logistics. 177Lu is one of the 
isotopes emerging as a clear choice for therapy [3]. 
 
 Patients suffering from breast, lung and prostate cancer develop metastasis in bone 
in the advanced stage of their diseases and therapeutic radiopharmaceuticals such as 
153Sm-EDTMP and 89SrCl2 are used effectively for pain palliation due to skeletal 
metastases. Despite the fact that the above bone pain palliating agents give good clinical 
results; their wider use has met with practical difficulties. 177Lu produced in the low to 
medium flux research reactors can be used for bone pain palliation. High specific activity 
177Lu that is prepared in high flux research reactors is needed for radio-labeling 
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antibodies and peptides. The wider availability of 177Lu will make it feasible for the 
production of therapeutic radiopharmaceuticals with lower cost ensuring higher 
availability in MS.  
 
 177Lu has appropriate physical half life (6.7 day) and 176(12.2%), 384(9.1%) and 
497(78.6%)KeV beta particle emissions which are suitable for tissue irradiation [4]. It is 
an attractive isotope due to its proper chemical and radio-labeling properties and relative 
simplicity of production at low cost. Lutetium-177 also has gamma emissions of 
113(6.4%) and 208(11.0%)KeV for nuclear medicine imaging [5]. 
 
 EDTMP (ethylendiaminetetramethylene phosphonic acid) is one of the most widely 
used ligands that forms stable complexes with various radio-nuclides and all the 
complexes show high bone affinity and other favorable pharmacological characteristics 
in bio-distribution studies [6-8]. EDTMP is commercially available in a low cost. 
 
 Some researches have showed that EDTMP labeled with 177Lu is a promising form 
of RNT used in palliative treatment of skeletal metastases. It is worth being further 
studied. This study intends to the preparation of 177Lu, labeling EDTMP with 177Lu, 
evaluate of 177Lu-EDTMP in animals, development of a cold kit formulation of EDTMP 
and development of other labelled compounds with 177Lu. 
 
2. Preparation of 177Lu [9] 
 

 177Lu can be prepared by the following two methods: 176Lu (n, γ) 177Lu and 176Yb 
(n, γ) 177Yb →177Lu. The related parameters are listed in Table 1. 
 
Table 1: The parameters for preparation of 177Lu 
Reaction Cross-section (barn)  
176Lu (n, γ) 177Lu 2090 177mLu half life 160days 
176Yb (n, γ) 177Yb →177Lu 2.85 177Yb half life 1.9hours 
  

In CIAE, we usually irradiated the target in our Heavy Water Research Reactor 
(HWRR) and Swimming Pool Reactor (SPR) for producing the radioisotopes. 
Unfortunately the HWRR was set up nearly half a century ago, it is too old now and shut 
down in this year. So only reactor for radioisotopes production we use now is SPR. 

 
For this CRP Project, we hope to extend the application of our Miniature Neutron 

Source Reactor (MNSR). One of the application items of MNSR is radioisotope 
production, but as we know, until now no actual action on this although our MNSR has 
been exported to Pakistan, Iran, Ghana, Syria, Nigeria and installed in Jinan, Shenzhen, 
Shanghai. 

 
We calculated the theoretical yields of 177Lu from the above two methods and with 

different enriched targets at SPR and MNSR. For method 2 we investigated the 
separation technique of Lu from Yb, then we could get the carrier-free 177Lu. The 
following will be the information for preparation of 177Lu in detail. 
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2.1 Prepared by direct neutron capture reaction 176Lu (n, γ) 177Lu 
 
 The natural abundance of 176Lu is only 2.6%, and the enrichment target which the 
abundance of 176Lu is up to 41% can be got from the supplier. 
 
 The theoretical yields of 177Lu produced in SPR and MNSR are shown in Table 2 
and Table 3 respectively. 

 
Table 2: the theoretical yields of 177Lu produced in SPR (φth = 2×1013n/cm2/s) 
(177Lu MBq/mg Lu) 
Irradiation time 3h 6h 12h 1d 7d 14d 21d 
177Lu radioactivity 
(176Lu 2.6%) 

 
 

 
96 

 
190 

 
370 

 
1900 

 
 

 
 

177Lu radioactivity   
(176Lu 41%) 

 
 

 
1500 

 
3000 

 
5800 

 
30000 

 
 

 
 

 
Table 3: the theoretical yields of 177Lu produced in MNSR (φth = 1×1012n/cm2/s) 
(177Lu MBq/mg Lu) 
Irradiation time 3h 6h 12h 1d 7d 14d 21d 
177Lu radioactivity 
(176Lu 2.6%) 

 
 

 
4.8 

 
9.5 

 
18 

 
95 

 
 

 
 

177Lu radioactivity   
(176Lu 41%) 

 
 

 
76 

 
150 

 
290 

 
1500 

 
 

 
 

  
 According to the calculation, we think that MNSR can be used for the 177Lu 
preparation. The activity of 177Lu for one patient will be 555~740mCi according to 153Sm 
(1850~2590mCi), so the activities of 177Lu obtained from 1gram Lu in the MNSR can 
meet at least 50 patients’ dose. Of course this must be determined after checking the 
toxicity of 20mg Lu to human beings. 
 

After irradiation, Lu will be dissolved in 6M HCl with H2O2 and stocked for 
labeling EDTMP. 
 
2.2 Prepared by indirect neutron capture reaction 176Yb (n, γ) 177Yb →177Lu [10] 

 
 The 176Yb has a natural abundance of 12.7%, and it can be enriched to 97%. 
Obviously, the indirect reaction yielding carrier-free 177Lu (1.095×105Ci/g) is the desired 
production if Lu can be separated efficiently from the Yb target material. In certain 
application, such as protein labelling, the use of high specific activity radioisotopes is 
often essential. In addition, this method produces 177Lu which is free from the 177mLu 
(t1/2=160d). This radioisotope is unavoidably co-production with 177Lu by the reaction 
176Lu (n,γ) 177Lu. 
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The theoretical yields of 177Lu produced in SPR and MNSR are listed in Table 4 
and Table 5. 

 
Table 4: the theoretical yields of 177Lu in SPR (φth = 2×1013n/cm2/s) 
(177Lu MBq/mg Yb) 
Irradiation time 3h 6h 12h 1d 7d 14d 21d 
177Lu radioactivity   
(176Yb 12.7%) 

 
0.13 

 
0.37 

 
0.96 

 
2.2 

 
13 

 
16 

 
22 

177Lu radioactivity   
(176Yb 97%) 

 
0.96 

 
2.8 

 
7.4 

 
16 

 
98 

 
130 

 
170 

 
Table 5: the theoretical yields of 177Lu produced in MNSR (φth = 1×1012n/cm2/s) 
(177Lu MBq/mgYb) 
Irradiation time 3h 6h 12h 1d 7d 14d 21d 
177Lu radioactivity   
(176Yb 12.7%) 

 
0.0048 

 
0.019 

 
0.048 

 
0.11 

 
0.64 

 
0.82 

 
1.1 

177Lu radioactivity   
(176Yb 97%) 

 
0.037 

 
0.15 

 
0.37 

 
0.85 

 
4.9 

 
6.3 

 
8.4 

 
 From the theoretical yield, the activity of 177Lu irradiated from 1 gram natural 
abundance of Yb can meet more than 10 patients’ dose after 7 days irradiation (supposed 
the recovery of separation is 80%). 
 
 The yield of the indirect route is lower than the direct route by a factor of 1000. It is 
needed to develop an efficient method to separate the carrier-free from the 176Yb 
irradiated target. 
 
 After irradiation, the Yb target will be dissolved in 6M HCl with H2O2 and 177Lu 
will be separated from Yb. 
 
 In spite of the rather large number of publication on rare earth separations, only a 
few address the separation in a micro-macro component system , where microscopic 
amounts (≤ 1µg) of one member of the lanthanide are separated from macroscopic 
amounts (≥ 1mg) of another member. Because of the uniform chemistry exhibited 
throughout the lanthanide, the separation factors between the adjacent members are very 
small. 
  
 Extraction chromatography has the merits of high selectivity of solvent extraction 
and high efficiency of chromatography, it has been successfully used to rare earth 
separation especially Thulium(Tm), Lutetium (Lu) ,Ytterbium (Yb). The separation of 
Lutetium-177 (177Lu) from Ytterbium-176(176Yb) by extraction chromatography with 
extraction-elution resin will be studied. The extraction-elution resin includes CL-P507-
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HCl (αLuYb=1.79), CL-P204-HCl (αLuYb=1.9), HEHφP-HCl (αLuYb=3.0) etc. The effects on 
the separation of 177Lu and 176Yb will be studied in detail, such as concentration of 
hydrochloric acid, temperature, loading volume and so on, and the fit condition of the 
separation should be determined. 
 
2.3 QA/QC of 177Lu 
 

Radionuclide purity will be determined by measuring the γ-ray spectrum of the 
irradiated target using an HPGe detector connected to a multi-channel analyser (MCA) 
system. The radionuclide purity of the preparations will be ＞99%. 

In method 1, the only important radionuclide impurity of 177Lu is 177mLu, not 
exceeding 5×10-3 % 7d post-irradiation. 

In method 2, radiochemical separation of 177Lu activity from irradiated Yb2O3 target 
is very crucial because of the radionuclidic purity requirement. 
 
3. Labelling EDTMP with 177Lu 
 

For labelling EDTMP with 177Lu, the different conditions including molar ratio of 
EDTMP/177Lu, reaction time, pH values and reaction temperature will be studied. 
Methods of analysis for the determination of chemical and radiochemical purity in the 
177Lu-EDTMP will be established. Test as to sterility and pyrogenicity will be performed 
to assess the quality. 

 
3.1 Studies of Labeling Conditions for 177Lu-EDTMP [11] 
 

3.1.1 Selection of pH value 
 

To determine the effect of pH on the radiochemical yield, reaction mixtures 
containing EDTMP (10 mg in 0.1N NaOH) and 177Lu (230 MBq) in 1N HCl will be 
incubated 100 minutes at different pH values (5~9) at room temperature. 

 
3.1.2 Selection of reaction temperature and time 
 

To determine the effect of reaction temperature and time on the radiochemical 
yield, reaction mixtures containing EDTMP (10 mg in 0.1N NaOH) and 177Lu (230 MBq) 
in 1N HCl will be incubated at suitable pH using different temperature (room temperature 
and boiling water) and time (5~180 min). 

 
3.1.3 Selection of concentration of EDTMP and molar ratio of EDTMP/177Lu 
 

To determine the effect of concentration of EDTMP and molar ratio of 
EDTMP/177Lu, under the optimal condition of reaction temperature and time, check the 
radiochemical yield of 177Lu-EDTMP when the concentration of EDTMP is range from 1 
mg ~20 mg and 177Lu activity is the same (230MBq). 
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3.2 QA/QC of 177Lu-EDTMP 
 
3.2.1 Labelling yield and stability 
 

The radiochemical purity of 177Lu-EDTMP is determined by miniature paper 
chromatography with 25% acetone as solvent [5]. 

 
The labeling yield and stability of 177Lu-EDTMP are assessed by TLC.  From the 

literature[3], the conditions for TLC of 177Lu-EDTMP is as follows—plastic sheets coated 
with cellulose (Merck Art. 5552), and water-methanol-25% ammonia (the volume ratio is 
about v/v/v=50/50/2) as the mobile phase. 

 
The stability of the 177Lu-EDTMP will be studied for various storage environments 

(stored at temperature and at 4t) after preparation by determining its radiochemical purity at regular time intervals (up to 10days).  
3.2.2 Sterility and pyrogenicity 
 After finishing the preparation, the 177Lu-EDTMP will be filtrated through a 0.22µm sterilization membrane immediately.  The bacteria effect is detected by the method of cell culture and the endotoxin is examined by limulus test.  
4. Evaluation of 177Lu-EDTMP in animals  
4.1 Biodistribution studies in healthy Wistar rats [5] 
 

 Biodistribution studies will be done in healthy Wistar rats (n=5 per group, weight range from about 170g~200 g).   0.4 ml 1MBq 177Lu-EDTMP(1.9MBq177Lu/µg Lu) are administered to rats intravenously via the tail vein, the rats will be housed in single cages in which urine was collected.   The rats will be anaesthetised and sacrificed at different times (1h, 3h and 1, 2, 4, 6 and 10 days post-intravenous injection), and selected tissues (including muscle, femur, spleen, kidney, liver, lung, stomach, pancreas, heart, small intestine, brain, testis and parietal bone et al) will be taken out respectively. The radioactivity of the blood, urine, and samples of weighted tissues and carcass will be measured using a gamma counter supplied with an adapter for whole body measurement. The results are calculated as a percentage of the injected dose per gram of tissue (% ID/g) after normalization for body weight.   An unpaired student t-test (at 95% confidence level) will be applied for data evaluation.  
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4.2 Biodistribution studies in animal models with bone cancer 
  Contemporary experimental models are based on direct injection of cancer cells into the medulla of the femur, humerus and calcaneus. Intramedullary injection allows for analysis of corresponding behavioral and neuroanatomic segments, furthermore, permits simultaneous and precise quantitative evaluation of site-specific pain behaviors, tumor growth, osteolytic bone destruction, bone-tumor microenvironment and neurochemistry. And for bone cacer pain has been studied using rat breast carcinoma (MRMT-1), murine fibrosarcoma(2472), murine breast carcinoma (4T1), hepatocellular carcinoma (Hca-1) and murine melanoma(B16) [12].   In our situation we will get the animal models from the supplier. The rats are injected MRMT-1 breast carcinoma. We will redo the similar studies with 4.1 using animal models.  Every rat receives intra-tibial injections of 3X7 syngeneic MRMT-1 cells produced a rapidly expanding tumour within the boundaries of the tibial [13].  
4.3 Imaging studies   The 177Lu-EDTMP solution is injected through the ear vein into a healthy adult New Zealand white rabbit or animal model. SPECT imaging will be performed at different time post injection [14,15]. We have to use the clinical SPECT, because there is not micro-SPECT in CIAE now.  
5. Development of a cold kit formulation of EDTMP 
  A freeze-dried kit of EDTMP will be developed for labeling with 177Lu [16]. The EDTMP kit is expected to enable an instant one-step preparation of a radiopharmaceutical of high radiochemical purity and has a sufficiently long shelf life.   
5.1 The formulation of EDTMP cold kit 
 The quantity of EDTMP for one dose with some ingredients which will not affect the labeling of EDTMP dissolved into a mixture. The mixture will be filtrated through a 0.22µm sterilization membrane, lyophilized and finally sealed under nitrogen atmosphere.   After lyophilisation, the kit of EDTMP is stored in the dark.  
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5.2 Stability evaluation of EDTMP kit 
   Several EDTMP kits, after stored at 2~8oC or room temperature for different time, will be labeled with 177Lu. When the completion of the labeling procedure, the radiochemical purity will be checked, then the biodistribution in healthy Wistar rats will be measured again to determine the EDTMP kits’ shelf life.  
6. Development of other labelled compounds with 177Lu 
  In this Project, it is expected that other carrier molecules such as antibodies against PSA and AFP, peptides (Somatostatin analogs, bombesin analogs et al) will be tried to be labeled with 177Lu. Our group hope we can do some test on prostate specific antigen (PSA) and alpha-fetoprotein (AFP) because it is easier to get these antibodies for us.   We plan to use macro-cyclic ligand 1,4,7,10-tetraazacyclododecane-N,N′,N"N′"- tetracetic acid (DOTA) as a bi-functional chelating agent between 177Lu and the antibody against PSA or AFP [17,18].  
6.1 Conjugation monoclonal antibody with DOTA 
  Monoclonal antibody will be conjugated with DOTA. Before conjugation, monoclonal antibody is transferred by dialysis into a 50 mmol/L HEPES, 1 mmol/L 

diethylenetriaminepentaacetic acid buffer (pH 8.5). Conjugation was done by adding 80 µg of DOTA per milligram of monoclonal antibody and incubating for 2 hours at room temperature and overnight at 4°C. After conjugation, the conjugate is transferred to 0.25 mol/L ammonium acetate storage buffer (pH 5.3). Factors influencing (such as pH values and mass of DOTA) will be studied.   The conjugation number of DOTA molecules per monoclonal antibody molecule could be determined by the 4'-hydroxyazobenzene-2-benzoic acid photometric method. This assay is based on the binding of the dye 4'-hydroxyazobenzene-2-benzoic acid to avidin and the ability of biotin to displace the dye in stoichiometric proportions. So the biotin will be added into the reaction system.  
6.2 Labeling of the conjugation complex of antibody and DOTA with 177Lu 
  The same procedure will be used for labeling with 177Lu in the test of both antibodies. Both monoclonal antibodies will be stored in 0.25 mol/L ammonium acetate buffer and the 177Lu solutions will be preheated at 45°C for 10 minutes. The antibody solution is then added to the 177Lu solutions and incubated at 45°C for 15 minutes. The reaction will be quenched with an excess of diethylenetriaminepentaacetic acid for 5 minutes. Factors influencing (such as temperature and time) will be also studied.  
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6.3 QA/QC of labeled compounds of McAb-DOTA-177Lu 
  The radiochemical purity of the labeled compounds of McAb-DOTA-177Lu will be determined by instant TLC (eluted in 0.1 mol/L EDTA). High-performance liquid 

chromatography (HPLC) eluted in 0.05 mol/L sodium phosphate at 1.0 mL/min will be used to control the radiochemical purity and signs of aggregation or fragmentation. The proportion of eluted solution will be changed to make better resolutions.  Clinical counterparties:  Prof. Jiahe Tian, General Hospital of Chinese People’s Liberation Army, Beijing  Prof. Rongfu Wang, Peking University First Hospital, Beijing  Prof. Zhi Yang, Peking University Cancer Hospital  Acknowledgments:  The staff for this CRP and other colleagues in our Department.   
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CURRENT STATUS OF RADIOPHARMACEUTICALS PRODUCTION AND 
DEVELOPMENT AT THE CHINA INSTITUTE OF ATOMIC ENERGY 
 Luo Zhifu Department of Isotopes, CIAE, P.R.China 
 
 1. Related Facilities with Radiopharmaceuticals  There are two reactors and one cyclotron which can be used to produce Radioisotopes in operation. One reactor is the Swimming-Pool Reactor (SPR), its power is 3.5MW and maximum neutron flux is 4×1013, another is the Miniature Neutron Source Reactor (MNSR), its neutron flux is 1×1012. The cyclotron has the 30MeV proton beam, the beam current is 250mA in inner target. The old Heavy Water Research Reactor (HWRR) has been shut down this year. The new China Advanced Research Reactor (CARR) will be operated in 2008 and a new 100MeV cyclotron in 2010.  According to Chinese government’s GMP regulation, CIAE has been certificated for its radiopharmaceuticals product including injection, oral solution, capsule and instant labeling of 99mTc.  2. Radiopharmaceuticals products supplied by CIAE  2.1 For diagnosis  99mTc and its cold kits (HMPAO, ECD, MIBI, MDP, DTPA, ……)  131I (oral solution and capsule) and its labeling compounds (mIBG)  18F-FDG, 111In, 201Tl  etc. 2.2 For therapy  131I (oral solution and capsule) and its labeling compounds  153Sm EDTMP, 89Sr, 32P  etc. 2.3 Sales in the Market The sales in the recent years（ ）RMB, Million  

Year 2000 2001 2002 2003 2004 2005 
Sales 49.48 53.22 57.97 65.62 87.17 106.20 
The sales of 18F-FDG injection solution（ ）RMB, Million  
Year 2000 2001 2002 2003 2004 2005 
Sales 1.29 1.99 3.40 4.10 6.10 11.00 
 3. Radiopharmaceuticals under the development in CIAE For Diagnosis: 123I and its labeling compounds (mIBG, β-CIT, ……), receptor labeled with 99mTc, etc. For Therapy: Antibody labeled with 131I, 90Y etc. 
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RADIOPHARMACEUTICALS BASED ON 177Lu FOR RADIONUCLIDE 
THERAPY. DEVELOPMENT OF LABELING PROCEDURES AND 
QUALITY CONTROL METHODS. 
 R. Leyva Montaña,  D. Beckford Vera, J. Cruz Arencibia, JA., Morin Zorrilla. Isotopes Center, Ave Monumental y Carr. La Rada km 3 1/2  Havana, Cuba. e-mail: rene@centis.edu.cu   
Abstract.  The cancer in Cuba constitutes a fundamental problem of health and it occupies the second place as cause of death. It is known that the use of labeled biomolecules (like monoclonal antibodies-mAb- and peptides) with radioisotopes has become a viable and promissory alternative for the cancer. The monoclonal antibodies production in Cuba for different uses enjoys national and international prestige.   Some years ago, the Center of Molecular Immunology (CIM) and the Isotope Center (CENTIS) joined efforts to develop the applications of the Cuban monoclonal antibodies. Different clinical trials have been carried out to explore the possibilities of the radioimmunotherapy in humans using monoclonal antibodies. We have been developed different radiopharmaceuticals based on monoclonal antibodies labeled with β emitters (131I, 188Re and 90Y).  Because of 177Lu is one of the isotopes emerging as a clear choice for therapy, we expect that we can develop a 177Lu radiopharmaceutical based on h-R3 monoclonal antibody (Nimotuzumab®). Also, in this concern, we have been working for more than five years in production of therapeutic radiopharmaceuticals for pain palliation of bone metastasis such as 
153Sm-EDTMP and through this project we aim to develop a cold kit formulation of EDTMP for radiolabelling with 177Lu for the clinical use of 177Lu-EDTMP as bone pain palliating agent.  
Key Words: Radioimmunotherapy; Monoclonal antibodies; Radiolabeling; Lutetium-177.  
INTRODUCTION 
 Radiolabeled monoclonal antibodies (mAbs) have shown great promise for cancer therapy. Recently, two commercial preparations of radiolabeled mAbs have been approved by the United States Food and Drug Administration for radioimmunotherapy (RIT) of relapsed or refractory B-cell non-Hodgkin’s lymphoma (1, 2). Targeted radiopharmaceuticals are well studied to the therapy of this disease, as tumors are well vascularized for the delivery of the mAbs, and lymphocytes are exquisitely sensitive to radiation injury. However, targeting of solid tumors with therapeutic 
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radiopharmaceuticals has been far less effective in producing lasting remissions or tumor control. The slow plasma clearance properties of radiolabeled mAbs result in prolonged exposure of the bone marrow to ionizing radiation. This requires limiting the dose to the tumor to keep marrow exposure below 150 to 200 rad (1.5 to 2.0 Gy). Creation of stable fragments of mAbs has improved clearance kinetics but yielded decreased tumor antigen binding affinity and altered biodistributions, often with unacceptably high kidney doses (3).  An alternative strategy is to label mAbs with radionuclides having emission characteristics that are more effective for solid tumor therapy. The radiolanthanides 
149Pm, 166Ho, and 177Lu (Table 1) possess a range of half-lives and β- energies for RIT applications. They also emit low abundance γ rays with energies suitable for tracking radiolabeled mAbs in vivo and estimating radiation dosimetry. Furthermore, these radiolanthanides can be obtained readily from nuclear reactor, by both direct neutron capture and indirect methods.  
Table 1. Decay characterictics and DOTA log KML values for 149Pm, 166Ho and 177Lu 
radiometal T1/2 (h) β- MeV (%) γ keV (5) log KML 

(M3+-DOTA) 
149Pm 53.1 0.784 (9) 1.06 (90) 286 (3.1) 22.87 
166Ho 26.9 1.76 (47) 1.84 (52) 81 (5.4) 24.83 
177Lu 159.6 0.497 (90) 208 (11) 25.34 
 Bifunctional derivatives of 1,4,7,10-tetraazacyclododecane-N,N’,N’’,N’’’-tetraacetic acid (DOTA) have been used often to label mAbs with lanthanide radionuclides and other radiometals (4). We have previous experience using antibody-DOTA conjugates by activation with N-hydroxysulfosuccinimide with 90Y and this experience is also applicable for preparing 177Lu bioconjugates.  The cancer in Cuba constitutes a fundamental problem of health and it occupies the second place as cause of death with an annual rate of 124 for 100 000 inhabitants, being the first cause of deaths in ages between 50 and 64 years. Furthermore Cuba has reached a certain development in Genetic Engineering and Biotechnology, and monoclonal antibodies production enjoys national and international prestige. Recently the US Treasure Department has approved a license to use nimotuzumab for the purpose of clinical trials. Nimotuzumab was developed at the Center for Molecular Immunology of Havana. This development demands the establishment of a methodology for preparation of new therapeutic radiopharmaceuticals based on β emitters. So in the frame of this project we expect to achieve different formulations of 177Lu based radiopharmaceuticals for radionuclide therapy.  
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CUBAN MONOCLONAL ANTIBODIES OF CURRENT INTEREST FOR RIT 
 Several mAbs of current interest for RIT and produced at the Center of Molecular Immunology are summarized bellow.  
mAb ior cea 1 Carcinoembryonic antigen (CEA) has been one of the most widely investigated tumor markers ever since its isolation from human fetal intestine and adult colon cancer tissues by Gold and freedman in 1965. Immunohistochemical studies have shown that CEA is expressed in normal colonic cells and in 50 % of colonic adenocarcinomas. The mAb ior 
cea 1 is a murine IgG1 that secreted by the clone K3/J5 obtained from the fusion of the P3/X63-Ag8-653 myeloma with spleen cells of a Balb/c mouse immunized with CEA purified from the liver metastasis of a colonic adenocarcinoma. The characterization of this antibody was previously described by Tormo et al. (5)  
mAb ior C5 The mAb ior C5 is a murine IgG1 that was generated by the immunization of Balb/c mice with the human colorectal cell line SW1116 (colorectal adenocarcinoma) and the fusion of splenocytes from Balb/c mice selected with SP 2/O Ag 14 nonsecreting myeloma cells. It recognizes an antigen expressed preferentially on the surface of malignant and cytoplasm of normal colorectal cells. It does not recognize the antigens CEA, Lewis a, Lewis b, or Lewis sialylated; neither does it recognize antigens from the membrane of the mononuclear peripheral cells, or from the red blood cells (5).  This mAb has undergone extensive preclinical analysis, immunohistochemistry studies, localization studies, and tumor targeting Phase I/II studies in colorectal cancer patients. The ior C2 antigens is a neuraminidase-resistant and periodate, pronase, and alkali-sensitive epitope present on a major 145 kDa and a minor 190 kDa glycoprotein complex. The antigen C2 appears distinct in molecular structure and in tissue expression to those previously described colorectal antigens CEA, 17-1A, TAG-72, CA 19-9, and A33 in that (a) those antigens are more strongly expressed in colonic cancers compared to the corresponding normal tissues and (b) the expression in both normal and colonic mucosa and colorectal carcinomas is homogeneous.  Immunohistochemical analyses of a large panel of normal and malignant tissues have shown the antigen to be homogeneously expressed in normal colon epithelium, transitional mucosa (adjacent to tumor), and heterogeneously expressed in more than 83 % of colon carcinomas, but is not detected in a wide range of other normal tissues. The 
ior C2 antigen expression is essentially organ-especific (colon and gastrointestinal tract) and is quite heterogeneous in tumors. Free antigen has not been detected in the blood as determined by enzyme-linked immunosorbent assay (ELISA) method.  
mAb ior egf/r3 The human epidermal growth factor receptor (EGF-r) is a commonly expressed transmembrane glycoprotein of 1186 amino acids with a molecular weight of 170 kDa; it was the first of a number of receptors and growth factors found to be under control of a 
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proto-oncogene c-erb-B. EGF-r overexpression has been found in a variety of malignant epithelial tumors arising in different organs like breast, lung and gliomas.  The antibody ior egf/r3 is a murine IgG2a mAb that binds to the external domain of the human epidermal growth factor receptor (EGF-r). The mAb ior egf/r3 is secreted by hybridoma A24/15/128 obtained by fusion of murine myeloma cells SP2/Ag14 with splenocytes from Balb/c mice immunized with a partially purified fraction of the EGF-r from human placental tissue. Its generation, characterization, and reactivities have been described in detail elsewhere (6)  
humanized mAb h-R3 (CIMAher®, TheraCIM h-R3, Theraloc, Nimotuzumab) The humanized mAb h-R3 isotype IgG1 was obtained by cloning the variable regions of the ior egf/r3, a murine IgG2a antibody antibody that recognizes the EGF-r and inhibits the binding of EGF. A reshaped antibody was constructed using the light and heavy chains of REi and Eu, respectively, as human immunoglobulin frameworks for CDR-grafting.  CIMAher® has a potent anti-angiogenic effect inhibiting that in vivo and in vitro production of the pro-angiogenic growth factors and has important in vivo pro-apoptotic properties.  The use of CIMAher® induces an objective anti tumour response (partial or complete tumour remission). In combination with Radiotherapy the objective response is enhanced to 70 % and no evidences of severe clinical toxicity have been observed.  
PRODUCTION AND RADIOCHEMICAL PROCESSING OF 177Lu  The major criteria for the choice of a radionuclide for radiotherapy are suitable decay characteristics, ease of production and amenable chemistry. As regards the decay characteristics, physical half-life of the radionuclide should match with the biological half-life of the radiopharmaceutical. The energy of the particulate emission should be compatible to the volume of lesion to be irradiated and at the same time should result in minimal dose delivery to the tissues surrounding the site of localization. Also, the ratio of non-penetrating to penetrating radiation should be high. Other practical considerations in selecting a radionuclide for targeted therapy are availability in high radionuclidic purity as well as high specific activity and production purity as well as high specific activity and production logistics.  
177Lu is a radioisotope having very good potential for use in in vivo therapy, because of its favourable decay characteristics. 177Lu decays with a half life of 6.71 d by emission of 
β- particles with Emax of 497 keV (78.6 %), 384 keV (9.1 %) and 176 keV (12.2 %) to stable 177Hf.  
177Lu can be produced by two different routes, namely, by irradiation of natural Lu2O3 target (176Lu, 2.6 %) or enriched (in 176Lu) Lu2O3 target, as also by irradiation of Yb 
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target followed by radiochemical separation of 177Lu from Yb isotopes. The above two production routes lead to the product having different specific activities.(7)   For both routes it’s very important the existence of isotope production capabilities. There is no nuclear research reactor in Cuba; therefore, for the development of the project we will need an external supplier of 177Lu. A possible supplier in our region is the Atomic Centre of Argentina. AIEA assistance might also be needed on this subject.  
WORK PROGRAM PLANNED 
 1. Establishment of the optimized conditions and elaboration of the normalized procedures (protocols) for use and manipulation of the monoclonal antibodies at CENTIS.  2. Experiments and adjustment of procedures for mAbs (h-R3, and other Cuban mAbs) with 177Lu.   3. Determination of the conditions under which DOTA immunoconjugates can be labeled with 177Lu rapidly and in high yield. Evaluation of the different formulations. Establishment of the lyophilization conditions in the possible cases.   4. Quality Controls and stability studies. Animal biodistribution. 5. Characterization and study of 177Lu-EDTMP complex. 

• Stoichiometric characterization of 177Lu-EDTMP complex.  
• Influence of molar ratio on the yield, biodistribution and stability of 177Lu-EDTMP complex. 
• Determination of the 177Lu-EDTMP complex charge. 
• Influence of pH and temperature in 177Lu-EDTMP complex forma.  

A BRIEF REVIEW OF THE LATEST WORK DONE RELATED TO THE CRP 
We are currently involved on the 90Y-radiolabeling of the h-R3 mAb (nimotuzumab) using DOTA bioconjugates. The DOTA-hR3 immunoconjugate has been obtained by two different approaches. On the first approach, DOTA was activated in a single step with sulfo-NHS and EDC and was later conjugated with humanized monoclonal antibody hR3 (DOTA-hR3(a)). By the second approach, hR3 was directly linked with commercial DOTA-NHS (DOTA-hR3(b)).   Several molars ratios were studied. Modified monoclonal antibody was purified by size exclusion chromatography on sephadex G-50. The immunoconjugated products obtained from different approaches and molars ratios were labeled with 90Y. Heating time and radiolabeling buffer pH were optimized using experimental designs. DTPA stability studies were carried out for determining the radioimmunoconjugate stability.  Although no fragments formation was detected, between 0,7 and 12,3 % of dimers were observed on size-exclusion HPLC. Immunoconjugates averaged 1,8 to 6,7 chelates per antibody molecule, depending in both cases of the approach and molar ratio.   
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When reaction time and buffer pH were optimized, radiolabeling yields were higher than 86 % for the first approach and over 90 % for the second approach. The amount of 90Y bound to the immunoconjugated remained at 96 % for (DOTA-hR3(a)) and 98 % for (DOTA-hR3(b)) during all the experiment. This experience with 90Y can be applied to 
177Lu radiolabeling of mAbs, with minor adjustments on the labeling conditions.   
 POTENCIAL CLINICAL COLLABORATORS  Department of Nuclear Medicine National Institute of Oncology and Radiobiology Calle 27 y F, Vedado, Plaza. C. Habana  Center for Clinical Research Ave. 45 y 34, Kohly, 11300 Playa C, Habana.  Department of Nuclear Medicine National Hospital “Dr. Enrique Cabrera”. Altahabana, Boyeros, C. Habana  
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PRODUCTION AND CHELATION PROPERTIES OF Lu-177, THE ISOTOPE 
SUITABLE FOR NUCLEAR MEDICINE APPLICATIONS 

 
 F. Melichar,  M. Tomeš,  M. Kučera 

 
 Department of Radiopharmaceuticals, Nuclear Physics Institute,  Řež near Prague, 

Academy of Sciences of the Czech Republic, Czech Republic  
 Abstract. Lutetium-177 is one of the most favoured radionuclides for 
radiotherapeutic applications due to its suitable nuclear characteristics. It has been mainly 
used in three areas: labelling of biomolecules (i.e., somatostatine analogues and 
monoclonal antibodies), palliative therapy of bone skeletal metastases, and radiation 
synovectomy. At present, Lu- labelled chelates with aminocarboxylates, like a DOTA or 
DTPA have been deeply investigated from the point of view of chelation properties. This 
research has been targeted on finding the optimal conditions of chelation to obtain high 
yields of chelates and on monitoring their kinetic stability, depending on particular 
factors (i.e., pH, molar ratios metal: ligand or duration of the reaction). The Lu-DTPA 
and Lu-DOTA chelates were prepared and detected radiochromatographically by TLC. 
For this purpose ITLC SG plates were used as a solid phase, and a mixture of 
hydroxylamine:methanol:water (0.2:2:4) was used as a liquid phase. 
Introduction: 
Lutetium-177, a commonly used radionuclide, is favoured because of its suitable nuclear properties. It can be prepared in the nuclear reactor via (n, γ) reaction by direct neutron capture from lutetium oxide [1, 2] or indirect neutron capture from ytterbium [2, 3, 4] oxide to form 177Yb. The specific activity of 177Lu depends on the way of preparation: if the target nuclide is 176Yb, the carrier-free 177Lu can be obtained.   
177Lu is an attractive candidate for therapeutic applications: together with 177Ho it is the most frequently used radiolanthanide for targeted raioimmunotherapy. It decays with a half life of 6.7 days by emitting beta and gamma rays (see Table 1). For this purpose peptides (i.e., octreotide, bombesin) or monoclonal antibodies conjugated with aminocarboxylate complex, like a DTPA and DOTA are used. These aminocarboxylate chelates with 177Lu determine the stability, hence is important to know the properties of these chelates, e.g., dependence on pH, ligand concentration, or kinetic stability of the complexes.  The aim of this research is to prepare the aminocarboxylate chelates DOTA and DTPA with 177Lu and study their properties which may affect the conditions of radiological uptake. The research is targeted to discovering kinetic stability of the complexes and monitoring the velocity of their formation.  
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Table 1. Nuclear characteristics of 177Lu [5] 
Half life (days) Eß (keV) Eγ (keV) Isotopic abundance of natural Lu 

(%) 
175Lu           176Lu 

6.7 498 113;  208 97.41 2.59 
  
 Materials and methods 
     
1. Production of 177Lu 

 Parameters of irradiation  
177Lu was produced by direct neutron activation of Lu(NO3)3 at the Nuclear Research Institute’s LWR 15 Nuclear Reactor. The lutetium nitrate was prepared from two types of lutetium oxide: Lu2O3 with natural isotopic abundance of 176Lu (99.99%, purchased from Sigma Aldrich Company) and enriched Lu2O3 (64.3% 176Lu isotopic enrichment, purchased from Isoflex, CA USA). The oxide was converted to nitrate by addition of 1 M nitric acid and evaporation to dryness. This sample was irradiated in Ti-vial at a thermal neutron flux density of 7.1013 n cm-2 s-1 for 7 hours. The irradiated nitrate was dissolved in 2 ml 0.7 M HNO3 and then diluted to a known content. The activity of the solution was measured by ionization chamber. Radionuclidic purity was determined by measuring the γ-ray spectrum of 20 µl aliquot.   
 Irradiation penal The Ti-vial was used as an irradiation penal. This vial was made from Titatium-Rod with diameter of 16 mm and length of 1000 mm. The material (Titanium with purity of 99.99+ %) was purchased from Goodfellow Cambridge Limited (Huntingdon, UK); the vial was made in the Czech Republic (Polabská s.r.o., Poděbrady). The vial is rewirable and is furnished with screw cap (Fig 1).  

 FIG. 1. Irradiation penal for activation in reactor LWR-15  
 Equipments for preparation of radiopharmaceutical precursors Department of radiopharmaceuticals and company Polabska s.r.o. jointly developed a model which allows the production of radiopharmaceutical precursors using irradiated target from reactor. Module has been specifically developed for production of 166Ho, 
177Lu and other radionuclides in form solutions.  
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The Process is based on: - handling and opening of irradiation penal with  target  (holmium, lutetium and other  solid target) - dissolution of target using ultrasonic disintegration  - filling (dispensing) of  solution in vials for next  sterilization  The process is fully automated and remotely controlled. The whole operation of the module is GMP compliant.    
FIG. 2. Equipment for 
opening of irradiation 
penal and dissolution of 
target, furnished  with 
filling pin and ultrasonic 
input 

 

 FIG. 3. Panel for filling (dispensing) of solution, furnished with four glass vials   
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FIG. 4. Touch panel for 
module operation  

  Clean area rooms  The preparation of precursor is realized in clean area rooms with “C” classification. This laboratory is equipped with laminar box, with “A” classification.  
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 FIG. 5.Laminar box with “A” classification  Department of radiopharmaceuticals   is holder of the certificate   GMP, which including licence for preparation radiopharmaceuticals for clinical trials.  
2. Preparation of Lu-DTPA and Lu-DOTA chelates  DTPA (diethylenetriamminepentaacetic acid) was purchased from Sigma Aldrich Company, DOTA (1, 4, 7, 10-tetraazacyclododecane-N, N', N'', N'''- tetraacetic acid) was synthesized in the Department of Inorganic Chemistry, Faculty of Science, Charles University.  The chelator in an amount of 40 mg was dissolved in 25 ml of purified water. The reaction mixture was prepared by addition of known aliquot of chelator solution (metal: ligand molar ratio was 1: 2), 100 µl of lutetium nitrate solution, and 20 µl of 0.5 M NaHCO3 buffer, pH 8. This solution was diluted to a final content of 1 ml. The pH values ranged from 6 to 7. The reaction time was 30 minutes. A thin layer chromatography (TLC) on silica gel (ITLC SG plates) was used for detection of the chelates.  This method was performed by elution with hydroxylamine: methanol: water (0.2: 2: 4) [6]. In this arrangement, the free metal remained at the origin, and the chelate migrated with the solvent front. The radioactivity was measured by beta TLC-scanner with flow-gas proportional detector (Minigita, Raytest Isotopenmeßgeräte GmbH, Straubenhardt). Evaluation was performed by GITA program. 
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 Results  Production of 177Lu The obtained activities of 177Lu are shown in Table 2. 177Lu originates from isotope 176 with a cross section of 2100 barns. In the first case, the experimental activity was higher than calculated, probably due to contribution of epithermal neutrons with resonance integral 1087 barns, which is not included in theoretical calculations [1]. It is also assumed that the burning up of the target nuclide is negligible with respect to these conditions. In the other cases, the experimental activities were lower (see Table 2), which might be caused by the losses during preparation of lutetium nitrate.  Table 2. Experimentally obtained activities in comparison of theoretically calculated values 
Amount of Lu2O3 (g) Calculated activity*  (GBq) at EOB 

Experimental activity (GBq) at EOB 
Yield (%) 

0.0124 4.28 5.04 >100 0.0164 5.86 4.61 78.7 0.0066 12.2 7.94 65 
* In theoretical calculations is not included contribution of epithermal neutrons, even burning up the target nuclide   The production rates were also calculated for these conditions. The obtained values including some parameters of irradiation are shown in Table 3. Table 3. The production rates of Lu-177 
Quantity of Lu2O3 (g) [% of Lu-176] 

Activity * (GBq) Specific activity (GBq/g Lu) Time of irradiation (h) 
Reactor power (MWh) 

Production rate (GBq.MWh-1.g-1) 
0.0141          [2.59] 2.696 217.43 5 44.5 4.89 
0.0124          [2.59]  4.28 392.50  7 61.6 6.37 
0.0165          [2.59] 5.695 392.49  7 52.5 7.48 
0.0066            [64.3] 12.2 2101.98  2 16 131.37 
* Theoretical calculated activity value, contribution of epithermal neutrons and burning up the target nuclide is not included  Radionuclidic purity of the sample was controlled by γ-spectrometry. Nuclides 177mLu and 176mLu are the most possible radionuclidic impurities, produced together with 177Lu. Activity of 176mLu falls down after two days due to its short half life (3.7 hours). The half life of 177mLu (160.5 days) is longer than the half life of 177Lu, however 176Lu (n, γ) 
177mLu   reaction has a very low thermal neutron capture cross section (only 7 barns). That is why the activity of 177mLu is usually negligible in comparison with the activity of 
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177Lu [1]. There were only peaks of 177Lu in the obtained γ-spectrum, and, hence no other radionuclide was contained in the irradiated sample.   Duration of chelation Duration of the reaction is one of the most important factors, which may influence the yield of the formed chelate. The 5 µl aliquots were picked from the reaction mixture in a series of 5 or 10 minutes.  The obtained results for both chelators (data not shown) show the radiochemical yields near 100 % as early as a 5 min after the start of the reaction, hence chelation had been finished in 5 minutes.    Dependence on pH The yield of chelation depends on pH. The conditions of the experiment are summarized in Table 3. Due to very low pH values of lutetium nitrate solution, there were some difficulties with pH adjustment, hence the contributions of sodium hydroxide were ordered experimentally.   Table 4. Preparation of reaction mixture with increasing pH values 
Desired pH range Buffer content (µl)/ type*   0.1 M NaOH (µl) 

2-3 - 60 
3-4 - 80 
4-5 - 100 
6-7 20/pH 8 - 
7-8 20/pH 9 - 
8 - 9 20/pH 10 - 
* These types were prepared by titration of 0.5 NaHCO3 solution with saturated solution of NaOH to appropriate pH values  Lu-DTPA chelate The samples with various pH values are prepared by procedure described above. The monitored pH values ranged from 2.5 to 8.5. The radiochemical yields for production of Lu-DTPA chelate were close to 100%, hence the originating of chelate is not dependent on lower pH values, if they are higher than 2.5 (data not shown). This agrees with the assumption of high yields of Lu-DTPA chelate for low pH values.  Lu-DOTA chelate Table 4 shows the results obtained for selected experiments. In case of the Lu-DOTA chelate the lower yields of chelate for lower pH values were assumed. The radiochemical yields increased in dependence on increasing pH values. For the range of pH values 3.8-9.4, the yields were quantitative (100%). Despite the assumption, the yields were high even for pH 9.4.                         
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                        Table 5.  Production of  Lu-DOTA chelate depending on pH values 
pH values Radiochemical yield of chelate (%) 
2.95 56.43 
3.03 62.17 
3.80 100 
6.68 100 
6.93 100 
9.40 100 

 Concentration dependence The yields of both chelates were also monitored against the concentration of the chelator. This effect was studied in the range of 1-10-fold of chelator concentration.  The preparation of samples is shown in Table 5. The obtained results of both chelators show quantitative yields for all molar ratios. Consequently, the excess of chelator up to 10 does not determine the course of the reaction.                                   Table 6. Preparation of samples with various molar ratios 
Molar ratio  metal: ligand n metal (mol)*  n chelator (mol) V DTPA (µl) V DOTA (µl) 
1 :  1 6.54E.10-7  5.09.10-7  50 51.5 
1 :  2 6.54.10-7  1.31.10-6  129 132 
1 :  5 6.54.10-7  3.27.10-6  322 331 
1 :  10 6.54.10-7  6.54.10-6  643 662 
* Outspread to metal content of 100 µl, contributed into reaction mixture  Conclusion  Lutetium-177, a radionuclide with favourable nuclear characteristics, is potentially useful in the therapeutic applications. The high thermal neutron cross-section of 176Lu (n, γ) 
177Lu reaction enables to use natural lutetium as a target, despite the low isotopic abundance of 176Lu (2.59%). 177Lu, belonging to radiolanthanides, can form the chelates with large scale of organic compounds. These properties make 177Lu desirable in radiopharmaceutical research.   The aim of this research is to prepare Lu-labelled chelates and learn more about their kinetic stability. 177Lu has been produced in sufficient amount by direct activation of lutetium nitrate with natural isotopic abundance. In this way, ~ 0.34TBq/g of 177Lu activity in the case of natural lutetium oxide and ~ 2 TBq/g in the case of enriched lutetium oxide was obtained by thermal neutron capture at a flux density of  7.1013 n.cm-2.s-1.  The chelates with DTPA and DOTA have been prepared and the yields of these chelates have been monitored in dependence on several important factors determining the kinetic stability. Both, Lu-DTPA and Lu-DOTA, chelates showed very fast quantitative 
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chelation, the duration of the reaction was less than 5 minutes for pH ranging from 6 to 7. Dependence on pH was stronger in the case of Lu-DOTA chelate, and the quantitative yields were obtained in the range of pH values 4-9. The chelation was not influenced by several multiple excess of the chelator.  Recently, the new experiments focused on specification of reaction time have been started. In addition, the enriched Lu2O3 was purchased; due to the higher specific activity required for future potential labelling of some peptides.  
Acknowledgements The authors acknowledge the help of  L. Lešetický and M. Försterová in supplying some material, of O. Lebeda for measuring of γ-spectrum and of the colleagues from the Department of Radiopharmaceuticals for technical assistance and giving some special advices.  
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COUNTRY REPORT, Hungary  Mr. Gyözö Janoki, Frederic Joliot-Curie National Research Institute for Radiobiology and Radiohygiene, Department of Applied Radioisotopes Anna str. 5, P.O. Box 101,  H-1775 Budapest, Hungary  
177Lu -EDTMP was prepared by using Kit developed by POLATOM. In a typical labeling reaction of 2.-2.2 GBq of activity was added into a final volume of 5ml.  Quality control by testing radiochemical purity of 177Lu-EDTMP was made by ITLC using ITLC-SG plates and a mixture of noter:methanol:NH4OH (20:20:1 vi v:v) as a developing sorbent.  The complex 177Lu -EDTMP was migrated with sorbent (Rf=0.8-1.0).  The uncomplexed 
177Lu3+ remained at the origin (Rg=0.0-0.1).  The labeling efficiency was between 95-99% for all the labelings.  
177Lu-EDTMP prepared in our laboratory was tested in four animal species in order to obtain relevant preclinical data on their biodistribution, pharmacokinetic, dosimetry and possible side effects of its intravenous application referred to as radionuclide therapy (RNT).    The test site, Isotope Diagnostic and Therapeutic Laboratory, is a dedicated animal site for diagnostic and therapeutic radiopharmaceutical possessing all the relevant authorization for the preparation of radiopharmaceuticals in the application of various radioisotopes in different animal species. Prior to the experiments, all necessary authorization for animal studies was obtained from the Institute and Ethical Committee according to the existing Hungarian and European laws.  The four animal species used were mice (CD-1), rats (Wistar), rabbits (New Zealand White), dogs (Beagles).  In mice studies, the radiopharmaceutical shows fast blood clearance, high bone uptake and retention, fast excretion by kidneys (at 30 min. post injection around 47% of injected dose stays in the whole body of mice; this value persists at around 22% even 8 weeks after injection primarily bound to the skeleton).  In rats, a similar localization pattern was obtained with a slightly lower bone fixation observed.  Digital autoradiography in both mice and rats has proved the binding to cortical bone.  In rabbits, bone uptake and residency times and pharmacokinetic evaluation also shows favorable properties of 177Lu-EDTMP.  Bone residence time of around 318.07 hours and similarly, very fast blood clearance with residence time of 0.059 hrs.  Healthy beagle dogs were used to obtain biodistribution data using pharmakinetic RDI technique, blood sampling and urine collection.  Spontaneously occurring tumourous dogs were also used to define fixation in bone of the radiopharmaceuticals.  In both, healthy Beagles and diseased dogs, around 40% of the injected dose remained fixed in the bone after one week, while the other 55%-60% were excreted with urine during the first three days.  The high bone lesion localization in studies on the spontaneous tumours of dogs has shown that they are an excellent model for studying biodistribution, radiotoxicology and side effects of RNT. 
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 In separate experiments, radiotoxicological investigations were performed in healthy Beagles when blood counts and different biochemical parameters were evaluated along with supporting serial imaging.  The effect of four different doses, 0.25, 0.50, 0.75 and 1mCi/kg body weight (9.25, 18.5, 27.75 platelet and 37 MBq per body weight kg) showed that biochemical parameters have reacted slightly more selectively while only platelets showed a decrease in the highest dose.  In all dogs studied, bone marrow has been proved to be the most reactive tissue with decreasing platelet and numbers observed; however, the pathological values were only reached in the highest applied dose.  In one animal patient, high applied dose (39mCi, 1.393GBq) implied a severe tissue edema around the treated tumour.  Conclusion:    We can state that in all animal species and in all applied dose (ranging from 10MBq-to 1.4 GBq) very fast blood clearance, rapid kidney excretion and high and fast cortical bone uptake was observed.  During autopsies, no gross pathological changes could be observed in the treated animals.  Blood counts justified the anticipation that bone marrow is the dose-limiting organ.  Studies in tumourus animal have shown that compounds show significant lesions uptake and dose delivered to lesion is up to 15 Gy.  Work Plan 2007- August 2008:  1.  Preparing a radiochemical evaluation of the following compounds:  -  177Lu-EDTMP  -  177Lu-lipiodot-jointly with BARC  -  177Lu-liposomes  -  177Lu-radiolytic impurities of 100mCi human dose limit 1% DOTMP 2.  Initiate a stability study of 177Lu-EDTMP at ICH conditions. 3.  Fast chromatograph method will be used at clinical site prior injection. 4.  Determination of maximum tolerated dose (MTD) in dogs.  Activity values between       10-20 mCi/kg will be tried.  Hematological parameter will be followed before and after injection of 177Lu-FDTMP. 5.  Using dogs with spontaneously occurring tumour with bone involvement to test infection fractionated therapy.  Tumouric dogs with 1mCi/kg body weight/week dose will be treated for four week interval.  Hematological parameter and blood chemistry will be followed. 6.  Pharmacokinetic analysis of 177Lu-EDTMP with dosimetry will be finalized. 7.  177Lu lipiodol in animals bearing multiple liver tumour will be evaluated. 8.  177Lu liposome distribution after intraarticular injection will177Lu be followed and rate of leakage will be determined also.  
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DEVELOPMENT OF THERAPEUTIC RADIOPHARMACEUTICALS BASED ON 
177Lu FOR RADIONUCLIDE THERAPY   Sharmila Banerjee, Tapas Das, Sudipta Chakraborty,  Suresh Subramanian, Meera Venkatesh  Radiopharmacuticals Division, Bhabha Atomic Research Centre, Trombay, Mumbai 400085, India 
  
Abstract Designing of radiotherapeutics using indigenously produced 177Lu as a potential radioisotope is the focus of the Coordinated Research Project. Amongst the various agents that are envisaged, the designing of bone-pain palliatives will be the major objective of the work. The sourcing of 177Lu as a radionuclide that could be readily produced with specific activities suitable for non-saturable targets (e.g. bone-pain palliation) and at least also suitable for low-capacity targets such as peptide receptors has been demonstrated. Irradiations were carried out at different available flux positions for different durations (7-21 d) for optimizing the irradiation conditions toward achieving maximum specific activity using natural as well as enriched targets. While ~4 TBq.g-1 (108 Ci.g-1) of 177Lu was obtainable using natural Lu target after 7 d irradiation at 
3×1013 n/cm2.s thermal neutron flux, it was ~170 TBq.g-1 (4600 Ci.g-1) of 177Lu when 64.3% enriched 176Lu target was used. In both the cases, radionuclidic purity was ~100%, 
only insignificant quantity of 177mLu [T1/2 = 160.5 d, Eβ(max) = 200 keV] could be detected as the radionuclidic impurity. Using the existing irradiation facilities, 177Lu could be produced with a maximum specific activity of ~23185 Ci.g-1 (850 TBq.g-1) 
using enriched 176Lu (64.3%) target at a thermal neutron flux of 1×1014 n/cm2.s for 21 d. Ethylenediaminetetramethylene phosphonic acid was synthesised in-house and spectrochemically characterised. The radiolabelling parameters were optimised and an optimum protocol was arrived at. In vivo distribution studies in rats have been carried out to ascertain the skeletal uptake and other parmacokinetic parameters. Imaging studies in rabbits and dogs bearing natural osteosarcoma have been carried out with the 177Lu-EDTMP complex.  1. INTRODUCTION  
Radionuclide therapy (RNT) employing radiopharmaceuticals labelled with β- emitting radionuclides is fast emerging as an important modality of nuclear medicine. 
Development of therapeutic radiopharmaceuticals using β- emitting radionuclides is being explored in several laboratories for therapy of wide variety of malignant disorders. Radiopharmaceuticals Division, Bhabha Atomic Research Centre is currently exploring the feasibility of production of a few novel radioisotopes for suitable and specific applications. Recently, 177Lu is being considered as a potential radionuclide for the development of agents for RNT owing to its favourable nuclear decay characteristics 
[T1/2 = 6.73 d, Eβmax = 0.497 MeV, low-energy, low-abundance γ-emissions of 113 KeV (6.4%) and 208 KeV (11%)],   thereby making it an attractive choice, particularly in countries having limited reactor facilities. Considering the irradiation possibilities in the 
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medium flux research reactors available at our end, an added advantage of this isotope is the feasibility of large scale production with adequate specific activity and excellent radionuclidic purity. Depending upon the type of applications, use of different specific activity of 177Lu can be considered. While high specific activity of 177Lu is an essential requirement for development of target specific agents, low/medium specific activity of 
177Lu can be envisaged for applications in bone pain palliation and radiation synovectomy.   
153Sm-EDTMP, 89SrCl2, 186Re-HEDP are presently being used for palliation of pain arising due to skeletal metastasis. Despite the fact that these agents have yielded good clinical results, their wider use have met with practical difficulties owing to the comparatively shorter half-lives of 153Sm and 186Re and limited production capacity in case of 89Sr. Therefore, development of 177Lu based agents for bone pain palliation is of relevance and is being actively pursued.   The work envisaged under the purview of the proposed CRP in the first stage is the standardization of irradiation parameters for 177Lu production using natural as well as enriched targets. Since ethylenediaminetetramethylene phosphonic acid (EDTMP) has been already established as the most desirable phosphonic acid ligand in the designing of bone pain palliatives, standardization of protocols for radiolabelling EDTMP with indigenously produced 177Lu constitutes the subsequent work plan. The culmination of the work would be to study the behaviour of 177Lu-EDTMP, in higher animal models and subsequently carry out human clinical trials. Following successful and sufficient number of clinical trials, regular use of 177Lu-EDTMP as an alternative agent for bone pain palliation could be proposed.  Owing to the high thermal neutron capture cross-section of 176Lu which leads to the formation of adequately high specific activity 177Lu in moderate flux reactors, this isotope can also be considered as an excellent radioisotope for developing wide variety of agents for targeted therapy. Hence, labelling of target specific molecules with high specific activity 177Lu in designing therapeutic agents is a relevant field of research and constitutes the future plan of the work. In this direction, the agents which could be envisaged are 177Lu-porphyrins and -nitroimidazoles for tumour therapy, 177Lu-somatostatin analogs for peptide receptor radionuclide therapy (PRRT) and 177Lu-steroids for targeted therapy of tumours over-expressing steroidal receptors.  2. OBJECTIVES OF THE CRP  The objectives of the CRP have been defined and are intended to cover the areas as specified below. Development of technology for the production of 177Lu in the research reactors and its radiochemical processing Development of technologies for the production and quality assuarance/quality control of bone pain palliating agents using 177Lu and EDTMP Detailed biological evaluation of 177Lu-EDTMP in animal models 
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Development of a cold kit formulation of EDTMP for radiolabelling with 177Lu for clinical use Development of 177Lu based primary cancer specific agents using carrier molecules, such as, antibodies and peptides etc. Development of 177Lu-Lipiodol for the treatment of hepatocellular carcinoma  The work initiated at our end towards achieving the specified targets involve  Standardization of 177Lu production methodologies using natural as well as enriched target Optimization of irradiation protocol for obtaining 177Lu with maximum possible specific activity by direct neutron activation method Standardization of synthetic procedures of EDTMP Development of suitable analytical methods for ascertaining the purity of the synthesized EDTMP Formulation of a cold kit of EDTMP for labelling with 177Lu Syntheses and characterisation of other polyaminophosphonic acids Standardization of protocols for radiolabelling polyaminophosphonic acids with particular emphasis on EDTMP with 177Lu Quality control of the labelled products In-vitro and in-vivo stability studies  Biological evaluation of 177Lu labelled polyaminophosphonic acids  3. Materials and Methods Orthophosphorus acid, 1,2-diamino ethane, formaldehyde were purchased from Aldrich Chemical Company, U.S.A. Proton NMR spectra and Phosphorus-31 spectra were recorded in a Varian VXR 300S spectrometer at 300 MHz for proton and 121.4 MHz  for phosphorus, using D2O as the solvent.   Natural Lu2O3 (Spectroscopic grade >99.99% pure, 2.6% 176Lu) and isotopically enriched Lu2O3 (60.6% and 64.3% 176Lu) used as the targets for production of 177Lu were obtained from American Potash Inc, USA and Isoflex Russia repectively. Ethylenediaminetetramethylene phosphonic acid (EDTMP) was synthesized and characterised in-house. All the chemicals used were of AR grade and supplied by reputed chemical manufacturers. Whatman 3 MM chromatography paper (UK) was used for paper chromatography and paper electrophoresis studies.  The activity assay as well as the determination of radionuclidic purity of 177Lu produced was carried out by high resolution gamma ray spectrometry using an HPGe detector (EGG Ortec / Canberra detector) coupled to a 4 K multichannel analyzer (MCA). 152Eu reference source used for both, energy as well as efficiency calibration of the detector was obtained from Amersham Inc., USA. All other radioactivity measurements were made using NaI(Tl) scintillation counter on adjustment of the baseline at 150 keV and 
keeping a window of 100 keV for utilizing the 208 keV (11%) γ-photopeak of 177Lu for detection. Scintigraphic images in rats and rabbits were recorded using  a single head digital SPECT gamma camera, (GE Wipro, USA) with a parallel hole Low Energy High 
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Resolution (LEHR) collimator and that in dogs using a gamma camera (Nucline X-Ring, Mediso, Hungary) with a High Resolution General Purpose (HRGP) collimator.  All the animal experiments have been carried out in compliance with the relevant national laws of the respective countries (India and Hungary) relating to the conduct of animal experimentation.  4. EXPERIMENTAL  4.1. Synthesis of EDTMP   
The direct synthesis of the α-aminomethylphosphonic acid viz. ethylenediaminetetramethylene phosphonic acid have been achieved using orthophosphorus acid, 1,2-ethylenediamine and formaldehyde by the Mannich -type reaction in strong acidic medium (concentrated hydrochloric acid) (Fig 1). To a solution of 3.3 g (40.24 mM) of anhydrous orthophosphorus acid in 5 mL of concentrated HCl, 0.60 mL (9.55 mM) of ethylenediamine was added slowly. The mixture was refluxed and 3.6 mL of 36% formaldehyde was added dropwise over a period of 15 min to the refluxing mixture. The refluxing was continued for another 2 h and subsequently the mixture was brought to room temperature. The reaction mixture was concentrated under vacuum and kept at room temperature whereby EDTMP was precipitated. The crude product was recrystallized from hot water to obtain 3.83 g (92%) of purified product 
(melting point 215°C).  4.2. Production of 177Lu  
177Lu can be produced by two different routes, namely, by irradiation of Lu target and by irradiation of Yb target followed by radiochemical separation of 177Lu from Yb isotopes. Though the latter method enables production of no-carrier-added (NCA) 177Lu, the radiochemical separation of 177Lu activity from irradiated Yb target is a difficult task owing to the similarity in the chemistry of the two adjacent members of the lanthanide series. Presence of Yb in substantial amounts, attributable to its low cross-section, will also compete with 177Lu in the complexation procedure thereby reducing the effective specific activity of the product, unless effectively eliminated from the irradiated target. This is one of the major impediment in the ready production of NCA 177Lu via 176Yb 
(n,γ,β-) 177Lu route. Moreover, use of enriched targets with low activation cross-section 
[σ = 2.4 b for 176Yb(n,γ)177Yb] is not economical for isotope production, as a significant part of the target remain unutilized. Though, recovery of the 176Yb is feasible theoretically, the aforementioned practical problems associated with the cumbersome separation still remains.  
177Lu was produced by irradiation of both isotopically enriched Lu203(64.3% 176Lu) as well as natural Lu2O3 (2.6% 176Lu). In case of enriched target, a stock solution was prepared by dissolving Lu2O3 powder in 0.1 M HCl (1 mg.mL-1 concentration). A known aliquot of this solution was taken in a quartz ampoule and carefully evaporated to dryness. The ampoule was subsequently flame sealed and irradiated after placing inside 
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an aluminum can. In case of natural target, 5-6 mg of Lu2O3 powder was weighed and placed inside an Al can and irradiated. Irradiations were carried out at different available 
flux positions viz. 1.4×1013 - 1.0×1014 n/cm2.s for different durations (7-21 d) in order to optimize the irradiation conditions toward achieving maximum specific activity.   
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 FIG.1. Synthesis of EDTMP  4.3. Processing of the irradiated 177Lu  The irradiated target was dissolved in 1 M HCl by gentle warming inside a lead-shielded plant, after allowing a cooling period of ~6 h. The solution was evaporated to near-dryness and reconstituted in double distilled water. The pH of the 177LuCl3 solution thereby obtained was adjusted to 3-4 prior to complexation studies.   The assay of the radioactivity was carried out by measuring the ionization current obtained when an aliquot of the stock 177LuCl3 was placed inside a pre-calibrated well-type ion-chamber (the calibration factor for the ion chamber for 177Lu was arrived at as 
15.65 A.MBq-1). Radionuclidic purity was determined by recording γ ray spectrum of the appropriately diluted solution of the irradiated target using an HPGe detector connected to a 4K multichannel analyzer (MCA) system. Energy as well as efficiency calibration of 
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the detector were carried out using a 152Eu reference source prior to the recording of γ ray spectra. Several spectra were recorded for each batch at regular time intervals. Samples measured initially for the assay of 177Lu were preserved for complete decay of 177Lu (over 10-15 T1/2 of 177Lu, i.e. for a period of 2-3 months) and re-assayed to determine the activity of long-lived 177mLu (T1/2 = 160.5 d). Appropriately diluted sample solutions of the processed 177LuCl3 solution were counted for 1 h.  4.4. Preparation of 177Lu-EDTMP  Rigorous standardization of the radiolabelling parameters was carried out for arriving at the standard protocol for preparation of 177Lu-EDTMP complex. A typical procedure thus arrived at involves, dissolution of 35 mg of EDTMP in 0.4 mL of 0.5 M NaHCO3 solution. To the resulting solution, 0.01-0.2 mL of 177LuCl3 solution (2.5-50 mCi of 177Lu activity, 0.01-0.2 mg of Lu) was added followed by the addition of the required volume of normal saline such that the final volume of the reaction mixture was 1 mL. The pH of the reaction mixture was kept within the range of 5-8 and it was incubated at room temperature for 30 min to facilitate complexation.  The complexation yield and radiochemical purity of 177Lu-EDTMP was determined by employing paper chromatography using ammonia:ethanol:water (1:10:20 v/v) as the eluting solvent and paper electrophoresis techniques.  4.5. Characterisation of 177Lu-EDTMP  The 177Lu-EDTMP was characterised and the radiolabeling yields as well as the radiochemical purities were determined by paper chromatography and paper electrophoresis techniques.  
4.5.1. Paper Chromatography : 5 µL of the test solutions were spotted at 1.5 cm from 
one end of Whatman 3 mm chromatography paper strips (12×2 cm). The strips were developed in ammonia:ethanol:water (1:10:20 v/v), dried, cut into 1 cm segments and radioactivity associated with each strip was measured.  
4.5.2. Paper Electrophoresis : 5 µL of the complex solutions prepared were spotted on 
pre-equilibrated Whatman 3 mm  chromatography paper strips (35×2 cm) at 15 cm from the cathode. Paper electrophoresis was carried out for 1 h under a voltage gradient of ~10 V.cm-1 using 0.025 M phosphate buffer, pH 7.5, as electrolyte. The strips were dried, cut into 1 cm segments and radioactivity associated with each strip was measured.  4.6. In-vitro stability studies  The stability of the 177Lu-EDTMP complex was studied by incubating the complex at 
room temperature for a period of 30 d (>4 half-lives of 177Lu) after preparation. The radiochemical purity of the complex was accessed at regular time intervals by employing standard quality control techniques.  
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4.7. Biodistribution studies in rats  Biodistribution study of 177Lu-EDTMP complex was performed in Wistar rats weighing 200-250 g. ~0.1 mL (3-4 MBq of 177Lu) of the complex solution was injected through the tail vein and the animals were sacrificed by cardiac puncture post-anesthesia, at the end of 3 h, 24 h, 48 h and 72 h post-injection. Five rats were used for each time point. The tissue and the organs were excised and the associated activity was measured in a flat type NaI(Tl) scintillation counter. Femur was considered as the representative of the skeleton. Distribution of the activity in different organs was calculated as percentage of injected activity (dose) per gram of organ (% ID/g). The total uptake in blood, bone and muscle were calculated by considering that respective tissues constitute 7%, 10% and 40% of the body weight. The percentage of activity excreted is indirectly ascertained by subtracting the activity accounted in all the organs from the total activity injected.  4.8. Imaging studies in rats  The biological behaviour of 177Lu-EDTMP complex was also ascertained by carrying out simultaneous scintigraphic imaging studies in normal Wistar rats. 0.1-0.2 mL (15-20 MBq of 177Lu) of the complex solution was injected through the tail vein of the animals weighing ~250-300 g. Sequential scintigraphic images were acquired in the single head digital SPECT gamma camera at 30 min, 1 h, 3 h, 24 h, 48 h, 96 h and 168 h post-injection using a LEHR collimator to determine the in-vivo localization of the injected radioactivity. Prior to the acquisition of images, the animals were anesthetized using a combination of xylazine hydrochloride and ketamine hydrochloride. The gamma camera was previously calibrated for 208 keV gamma photon of 177Lu with 20% window. All the 
images were recorded by acquiring 500 Kcounts using 256 × 256 matrix size. Blood samples were also drawn from the animals at the above-mentioned time points and counted to ascertain any 177Lu activity present in the blood.  4.9. Imaging studies in rabbits  Imaging studies of 177Lu-EDTMP were carried out in New Zealand white rabbits. For this, ~0.5 mL (111-148 MBq) of 177Lu-EDTMP preparation was injected intravenously into healthy adult NewZealand white rabbits weighing 3-4 kg through ear vein. Serial scintigrams were taken in a single head digital SPECT gamma camera (MPS GE, USA) using a LEHR collimator. Sequential images were recorded at 30 min, 1 h, 3 h, 24 h, 48 h and 168 h post-injection. The gamma camera was previously calibrated for 208 keV gamma photon of 177Lu with 20% window. All the images were recorded by acquiring 
500 Kcounts using 256 × 256 matrix size. Blood samples were drawn at the same time intervals mentioned above from the ear vein of the animals and counted for 177Lu activity to ascertain the blood clearance pattern.  
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4.10. Evaluation in dog with osteosarcoma  The site-specific localization of 177Lu-EDTMP in osteoblastic skeletal lesion were demostrated by serial scintigraphic imaging studies performed in a dog weighing 32 kg with proven osteosarcoma following the administration of the agent. The dog had a big primary skeletal lesion on right distal femur. The osteosarcoma was diagnosed by clinical examination, radiography and histopathological examination of the core biopsy material. The animal was administered ~1 mL of 177Lu-EDTMP preparation (37 MBq/Kg of body weight) via intravenous injection and serial scintigrams were recorded in a single head digital SPECT gamma camera using a HRGP collimator. Sequential whole body as well as regional images were recorded at 5 min, 1 h, 3 h, 6 h, 24 h, 48 h, 96 h, 120 h, 168 h and 14 d post-injection. The gamma camera was previously calibrated for 208 keV gamma photon of 177Lu. The percentage uptake of the injected activity at the skeletal lesion site and lesion/normal bone uptake ratio were determined at various time points post-injection by analyzing the images. Blood samples were drawn at the same time intervals and counted for 177Lu activity to ascertain the blood clearance pattern.  The above evaluation studies in dogs were carried out in collaboration with National “Frederic Joliot Curie” Research Institute, for Radiobiology and Radiohygiene, Budapest, Hungary as a part of an Indo-Hungarian Reserarch Project supported by Department of Science and Technology, Government of India.  5. RESULTS AND DISCUSSION  5.1. EDTMP The characterisation of EDTMP has been carried out with the help of FT-IR, 1H-NMR and 31P-NMR studies (Table I). The peak multiplicities and integrations of the 1H-nmr 
spectrum was consistent with the structure of EDTMP. A 8-proton doublet observed at δ 3.55 ppm in the proton NMR spectrum of EDTMP could be attributed to the coupling of 
the α-methylene protons with the adjacent phosphorus atom indicating the formation of 
the α-methyl phosphonate. The 31P-NMR spectrum provides confirmatory evidence of 
the formation of EDTMP. A triplet observed at ~ δ 9.86 ppm (J = ~12 Hz) indicated the 
coupling of the phosphorus atom with the α-methylene group. This triplet appeared as a singlet in the proton-decoupled 31P-NMR spectrum thereby confirming the formation of the CH2PO(OH)2  group.  TABLE I. Characterisation of EDTMP  

FT-IR-Spectrum*(ν cm) : 3308, 2633, 2311, 1668, 1436, 1356 
1H-NMR  Multiplicity Shift (δ) Number of protons 
>N-CH2-CH2-N< -N-[CH2-P(O)(OH)2]2 Singlet Doublet, J=12.3 Hz 3.86 3.55 4 8 
31P-NMR (δppm)  (1H-decoupled)  

Singlet  9.86 -N-[CH2-P(O)(OH)2]2 
*IR Spectrum was recorded as KBr pellet  
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5.2. Production of 177Lu  In an attempt to thoroughly optimize the irradiation parameters for producing 177Lu of 
varied specific activity required for different specific applications, the (n,γ) route was followed using natural as well as enriched targets (60.6%). The typical yields of 177Lu from natural as well as enriched targets for different durations of irradiation in Dhruva 
reactor at a fixed flux of 3×1013 n/cm2.s are depicted in Table II. The activities obtained using natural target under variable flux as well as duration of irradiation are given in Table III.  Table II. Specific activities of 177Lu produced from natural and enriched Lu2O3 target at a 
flux of ~ 3×1013 n/cm2.s  

Target Duration of irradiation (d) Specifc Activity (at EOB)  (Ci.g-1) 
  Theoretical Experimental 

3 40.54 67.57 ± 8.11 
5 61.35 89.19 ± 5.41 

 Natural Lu 
7 78.38 108.11 ± 8.11 
3 944.86 1945.95 ± 135.14 5 1430 2486.49 ± 81.08 

 Enriched Lu (60.6% 176Lu) 
7 1826.76 2972.97 ± 135.14 

 The 177Lu activity obtained on irradiation of enriched targets (64.3% 176Lu) for varied time durations under different thermal neutron flux are tabulated in Table IV. The variations in the yield of 177Lu between different batches are mostly due to fluctuations in the irradiation conditions such as the exact duration, intervening shutdown and variation of neutron flux due to the power level of reactor operation.  TABLE III. Reactor Production of 177Lu from natural target  
Neutron flux (n/cm-2.s) 

Irradiation time (d) Activity obtained (Ci.g-1) 
Theoretical activity (Ci.g-1) 

Experimental / Theoretical 
1.4 × 1013 7 57.8 ± 6.7 36.6 1.58 
3.0 × 1013 3 67.6 ± 8.1 40.6 1.67 
3.0 × 1013 5 89.2 ± 5.4 61.4 1.45 
3.0 × 1013 7 108.1 ± 9.5 78.4 1.38 
3.0 × 1013 14 178.2 ± 13.5 116.5 1.53 
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TABLE IV. Reactor Production of 177Lu from enriched target  
Neutron flux (n/cm2.s) Irradiation time (d) Activity obtained (Ci.g-1) Theoretical activity (Ci.g-1) Experimental /Theoretical 
1.4 × 1013 7 2322 ± 102 846 2.74 
3.0 × 1013 7 4635 ± 269 1814 2.56 
3.0 × 1013 14 7460 ± 253 2696 2.77 
6.75 × 1013 7 11000 ± 782 4081 2.70 
6.75 × 1013 14 17750 ± 1476 6406 2.77 
1.0 × 1014 21 23185 8622 2.69 

FIG.2. γ-Ray spectrum of 177Lu at the end of bombardment 

 A maximum specific activity of ~850 TBq.g-1 (23185 Ci.g-1) was achieved when 
irradiation was carried out at a thermal neutron flux of 1×1014 n/cm2.s for 21 d, which corresponds to ~21% of the maximum achievable specific activity. The specific activity of 177Lu obtained was significantly higher compared to the theoretically calculated value under the irradiation condition employed (7.9 atom %), accounting for only thermal neutron capture. This could perhaps be attributed to the contribution from epithermal neutrons (resonance integral = 1087 b), which is not accounted for in theoretical calculations.  The radionuclidic purity of 177Lu produced was 99.975-99.985% as obtained by analyzing 
the γ ray spectrum of the irradiated target after radiochemical processing. A typical γ ray 
spectrum is shown in Figure 2. The major γ peaks observed were at 72, 112, 208, 250 and 321 keV, all of which correspond to the photopeaks of 177Lu. This was further confirmed from the decay as followed by monitoring peak area cps values at those peaks according to the half-life of 177Lu. It is worthwhile to note that there is a possibility of the formation 
of 176mLu (T1/2 = 3.7 h) due to 175Lu(n,γ)176mLu process (σ = 16.4 b) and 177mLu (T1/2 
= 160.5 d) due to 176Lu(n,γ)177mLu process (σ = 7 b) along with 177Lu, on thermal neutron bombardment on Lu2O3 target. As 176mLu has a half-life of 3.7 h, 24 h cooling ensures 
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complete decay of 176mLu activity produced. On the other hand, the long-lived 177mLu is 
the likely radionuclidic impurity to be present in processed 177Lu. However, the γ ray spectrum did not show any significant peak (at 128, 153, 228, 378, 414 and 418 keV) corresponding to 177mLu. This is expected as the radioactivity due to 177mLu produced will not be significant on 21 d irradiation owing to its long half-life and comparatively low cross section for its formation. The 177mLu activity produced was determined by 
recording the γ ray spectrum of an aliquoted sample, initially having high radioactive concentration, after complete decay of 177Lu activity (8-10 T1/2 of 177Lu, i.e. for a period of 50-70 d). The average level of radionuclidic impurity burden in 177Lu due to 177mLu determined by this technique was found to be 5.5-9.3 kBq of 177mLu / 37 MBq of 177Lu (150-250 nCi/mCi) at EOB.  5.3. Characterisation 177Lu-EDTMP  In paper chromatography using ammonia:ethanol:water (1:10:20 v/v) as the eluting solvent, it was observed that the 177Lu-EDTMP moved towards the solvent front (Rf = 1) while uncomplexed 177Lu (177LuCl3) under identical conditions remained at the point of spotting (Rf = 0). paper chromatography patterns of 177Lu-EDTMP complex along with 
177LuCl3 under identical conditions are shown in Figure 3.   In paper electrophoresis (0.025 M phosphate buffer of pH 7.5) (Figure 4), while 177LuCl3 did not show any movement from the point of spotting, 177Lu-EDTMP showed migration towards anode to the extent of 3-5 cm from the point of spotting, indicating the formation of negatively charged complex.   

 FIG.3. Paper chromatography patterns of 177Lu -EDTMP complex and 177LuCl3 in ammonia:ethanol:water (1:10:20 v/v) 
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177Lu-EDTMP complex was obtained with a radiochemical purity as high as >99% using 35 mg of EDTMP and 0.01-0.2 mg of Lu in the form of LuCl3 in 1 mL reaction volume within a pH range of 5-8. Studies showed that excellent complexation yields were obtained with ligand / metal ratio ranging between 1400 to 70 used for the preparation of the complex in different occasions.  5.4. In-vitro stability studies  The 177Lu-EDTMP complex showed excellent stability at room temperature. The 
complex was found to retain its radiochemical purity to the extent of >98% after 30 d at room temperature upto which the study was carried out.   

FIG. 4. Paper electrophoresis patterns of 177Lu-EDTMP complex and 177Lu Cl3 in 0.025 M phosphate buffer at a potential gradient of ~10 V.cm-1 for 1 h  5.5. Biodistribution studies in rats  The uptake of 177Lu-EDTMP complex in the different organs/tissue of Wistar rats expressed as %ID/g of organ/tissue at different post-injection times is shown in Table V. The results of the biodistribution studies revealed significant bone uptake within 3 h post-
injection. The observed uptake in femur was (1.74±0.30)% per gram at 3 h post-injection. Almost all the activity from blood was cleared within 3 h post-injection and no significant accumulation of activity was observed in any of the major organs. The femur 
uptake was observed to increase to (2.05±0.48)% per gram at 24 h post-injection and thereafter remained almost constant till 48 h. The overall skeletal uptake was found to be 45-50% of the injected activity during the period of study. It was also observed that ~50% of the injected activity was cleared via urinary excretion during the same period clearly indicating almost no accumulation of activity in any other organ/tissue. 
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 Table V. Biodistribution pattern of 177Lu-EDTMP complex in Wistar rats  
Organ %Injected dose (ID) / gram of organ 
 3 h 24 h 48 h  
Blood 0.02 (0.00) 0.00 (0.00) 0.00 (0.00) 
Liver 0.03 (0.01) 0.03 (0.01) 0.02 (0.01) GIT 0.13 (0.03) 0.07 (0.03) 0.06 (0.03) Kidneys 0.22 (0.04) 0.19 (0.07) 0.13 (0.05) Stomach 0.21 (0.05) 0.10 (0.02) 0.02 (0.01) Heart  0.00 (0.00) 0.00 (0.00) 0.00 (0.00) Lungs 0.02 (0.01) 0.00 (0.00) 0.01 (0.01) Femur 1.74 (0.30) 2.05 (0.48) 2.01 (0.07) Muscles 0.03 (0.02) 0.00 (0.00) 0.00 (0.00) Spleen 0.02 (0.01) 0.02 (0.01) 0.02 (0.01) #Excretion 49.34 (7.68) 47.53 (9.17) 48.36 (4.07) 

   Figures in the parenthesis show standard deviations (n=5).    #Percentage of activity excreted is determined by subtracting the sum of the %ID of all the major organs from the total injected dose.  5.6. Imaging studies in rats  The scintigraphic images of Wistar rats recorded at 24 h and 168 h after the administration of 177Lu-EDTMP complex are given in Figures 5(a) and (b), respectively. Significant uptake of the activity was observed in the skeleton within 1 h post-injection. Initially some activity was observed in the kidneys and bladder which gradually decreased with the progress of time indicating predominant renal clearance of the complex. No appreciable accumulation of activity was observed in any other major organ/tissue at this time point. At 24 h post-injection, the total skeleton was clearly visible and no uptake was observed in any other organ. The blood samples drawn from the animals at this and all subsequent time points studied did not exhibit any radioactivity indicating complete clearance of the activity from the blood. The skeletal activity was found to be retained without any significant leaching to any major organ till 168 h post-injection upto which the study was carried out.  5.7. Imaging studies in rabbits  The scintigraphic images of 177Lu-EDTMP in New Zealand white rabbits recorded at 3 h and 48 h post-injection are given in Figures 6(a) and (b), respectively. The uptake of the activity in the skeleton was observed within 1 h post-injection and it became quite significant at 3 h. At this time point, the total skeleton was clearly visible in spite of some uptake observed in the kidneys. The image clearly shows no appreciable accumulation of activity in any other major organ/soft tissue. Within 24 h post-injection, the non-skeletal activity was completely cleared via urinary excretion, since only the skeleton could be visible at this time point. The blood samples drawn from the animals did not show any appreciable radioactivity over the background activity from 3 h post-injection indicating 
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the fast clearance of the complex from the blood. The skeletal activity was found to be retained upto 168 h post-injection studied.  5.8. Evaluation in dog with osteosarcoma   The whole body scintigraphic images of the dog with osteosarcoma obtained at 3 h, 48 h and 168 h after the administration of 177Lu-EDTMP complex are shown in Figures 7(a), 7(b) and 7(c), respectively. The agent showed rapid and significant skeletal accumulation as well as high bone lesion/normal bone uptake ratio. The percentage of injected activity accumulated at the skeletal lesion site and the lesion/normal bone ratio at different time points post-injection obtained from the region-of-interest (ROI) counts at the lesion site and that at its contralateral side are given in Table VI. The percentage uptake of 177Lu-EDTMP at the site of skeletal lesion was 10.8% at 3 h post-injection which increased to 23.3% at 48 h post-injection and remained almost unaltered upto 14 d post-injection period studied. The lesion/normal bone uptake ratio reached its maximum value of 18.17 at 72 h post-injection. The radiolabeled agent exhibited rapid clearance form the blood which is evident from Figure 8. The residual injected activity not bound to skeleton exhibited rapid excretion through the renal route and almost no retention of activity was observed in any of the major organs.   Table VI. %Uptake in the lesion and lesion/normal bone uptake ratio of 177Lu-EDTMP complex in dog bearing osteosarcoma at different post-injection times  
Time post-injection % Injected dose (ID) in the skeletal lesion Lesion/Normal bone 
3 h 10.8 8.3 6 h 11.0 8.5 24 h 19.8 16.5 48 h 23.3 16.6 72 h 21.8 18.2 120 h 21.8 16.8 168 h 22.5 17.3 14 d 20.7 15.9 
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 (a) 

        (b)   FIG. 5. Scintigraphic images of 177Lu -EDTMP in Wistar rat  at (a) 24 h and (b) 168 h post-injection 
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           (a)                  (b)  FIG. 6. Scintigraphic images of 177Lu -EDTMP in New-Zealand rabbit  at (a) 3 h and (b) 48 h post- injection  

             (a)           (b) 
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                (c) FIG. 7. Scintigraphic images of 177Lu-EDTMP in dog bearing osteosarcoma  at (a) 3 h, (b) 48h and (c) 168 h post-injection  
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 FIG. 8. Blood clearance pattern of 177Lu-EDTMP in dog  Collaboration with Clinical groups  The culmination of the work under the purview of the present CRP would be to study the behaviour of 177Lu-EDTMP, in higher animal models and subsequently carry out human clinical trials. Following successful and sufficient number of clinical trials, regular use of 
177Lu-EDTMP as an alternative agent for bone pain palliation could be proposed. Following approval and clearances of competent authorities to carry out preclinical dosimetry, dose escalation studies will be carried out to determine the maximum tolerated dose. Clinical trials (Phase I, II) and multicentric trials (Phase III) will be carried out with the following Clinical Groups of our country.  
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[1] Dr. C.S. Bal  All India Institute of Medical Sciences  New Delhi [2] Dr. Regi Oommen  Christian Medical College   Vellore [3] Dr. Partha Choudhury  Rajiv Gandhi Cancer Institute & Research Centre  New Delhi [4] Dr. Venkatesh Rangarajan  Tata Memorial Hospital  Mumbai  CONCLUSIONS AND FUTURE PLAN  It is expected that 177Lu-EDTMP will emerge as an alternative product for the treatment of patients suffering from bone pain due to skeletal metastasis. Successful development of 177Lu-EDTMP as an alternative agent for bone pain palliation will provide much needed logistic advantages to the countries having limited reactor facilities. Following successful and sufficient number of clinical trials, regular use of 177Lu-EDTMP as an alternative agent for bone pain palliation could be proposed. Apart from this, depending upon the outcome of the preliminary biological evaluation of the 177Lu labeled target specific agents, further studies towards their use in higher animals as well as for human clinical trials will be considered.   The optimization of the production route of 177Lu has conclusively proved that with the medium flux research reactors available at our end, it is possible to produce this isotope with adequately high specific activity for targeted therapy applications. Utilization of this high specific activity 177Lu in labelling of various target specific substrates are in different stages of development. These include, the preparation of a wide variety of agents for targeted therapy, namely, 177Lu-porphyrins and nitroimidazoles (metronidazole, sanazole) for tumor therapy, 177Lu-somatostatin analogs (DOTA-TATE) for peptide receptor radionuclide therapy (PRRT), 177Lu-steroids for targeted therapy of tumours over-expressing steroidal receptors. The preparation of 177Lu labeled hydroxyapatite (HA) particle and its biological behaviour has been studied in arthritis bearing animal models for possible use in radiation synovectomy of small- and medium- sized joints.   Acknowledgements The CRP participants gratefully acknowledge the help rendered by Dr. S.V. Thakare and Mr. K.C. Jagadeesan towards the planning and execution of target irradiation for isotope production. The authors wish to sincerely acknowledge the help rendered by Dr. H.D. Sarma of the Radiation Biology and Health Sciences Division BARC for the animal experiments. The financial grant from the Department of Science and Technology, Government of India towards the Indo-Hungarian Reserarch Project are gratefully acknowledged, The CRP participants wish to thank the National “Frederic Joliot Curie” 
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OPTIMIZATION OF 177Lu LABELING OF TUMOR TARGETING 
MOLECULES  Marco Chinol, European Institute of Oncology, Milan, Italy  INTRODUCTION  Radionuclide therapy with 90Y-DOTATOC has shown to be a safe and efficacious option in patients affected by tumours expressing sst2 receptors. Our experience indicated that it is possible to deliver high activities, and therefore high absorbed doses, to tumours expressing sst2 receptors, with objective therapeutic responses in 25% patients. However, only phase I studies have been carried out so far and data, regarding the efficacy of 90Y-DOTATOC, are still preliminary, not univocally obtained and need to be confirmed by more extensive and specifically addressed studies. Timing of 90Y-DOTATOC in the management of SSR positive tumours and the integration with other treatment has yet to be defined and phase II-III trials comparing the efficacy and toxicity of different schemes of 90Y-DOTATOC administration are warranted. One important point to be clarified will be the dose fractionating, whether the same maximum injectable cumulative activity shows different efficacy and toxicity when divided in a series of low activity cycles at close range or in few high activity cycles spread out on a longer period.  New perspectives that can be presently pursued include the use of new isotopes, such as 
177Lu, with lower energy (0.5 MeV) and penetration range (2 mm), but with longer half-life (6.7 days). 177Lu-DOTA-Tyr3-octreotate or DOTATATE seems to demonstrate better results (38% objective response) in a preliminary clinical phase I trial where the patients were treated with dosages of 3.7, 5.6, or 7.4 GBq of 177Lu-DOTATATE, up to a final cumulative dose of 22.2-29.6 GBq [1].  
177Lu-DOTATATE shows a lower renal burden and, as mentioned above, probably exerts a superior effect on small lesions with respect to 90Y-DOTATOC, which, however, seems more efficient in bigger lesions [2]. The radiobiologic value of 177Lu-DOTATATE versus 
90Y-DOTATOC needs be addressed by future studies comparing the two compounds towards different sized lesions [3,4].   CLINICAL TRIAL WITH 177Lu-DOTATATE AT THE IEO  Patients with tumors expressing sst2 receptors, documented by scintigraphy with 111In-DOTATOC, are divided in different groups (3-5 pts/group). Incresing amounts of 177Lu activity are administred in two or more cycles up to a cumulative dose to the kidneys not greater than 25 Gy and to the bone marrow not greater than 1 Gy.  The first group of patients are injected with 50 µg of DOTATATE radiolabeled with 50 mCi of 177Lu for at least two cycles. Then, if the follow up examinations are satisfactory they are submitted to a third cycle. If the first group of patients have shown no acute or delayed toxicity, a second group of 3-5 patients are administered with 70 mCi of 177Lu 
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with the same number of cycles and follow-up.The other groups of patients are then treated with increasing doses based on the results observed in the previous groups.   RADIOLABELING WITH 177Lu  To the supplier’s 177Lu vial add a solution of gentisic acid / sodium acetate buffer (50% vol.) to achieve pH = 4.5-5.0. Then, to the buffered 177Lu solution add the DOTATATE solution to achieve specific activity of 1 mCi/mg. Incubate the mixture at 90oC for 30’ in a thermostatic bath. After cooling, perform QC over an aliquot of the radiolabeled solution with HPLC or Sep-Pak 18C cartridge. Radiochemical purities ≥ 98% are routinary obtained   and considered suitable for patient administration.  PARAMETERS INFLUENCING A SUCCESSFUL RADIOLABELING WITH 177Lu         THEORETICAL AND PRACTICAL CONSIDERATIONS ON 
177Lu-DOTA-TATE PREPARATION  (assuming a Specific Activity of 177LuCl3 of 20 Ci/mg corresponding to  291 pmoles/mCi of 177Lu)       Considering the theoretical maximal molar ratio of 1mole of DOTA per 1 mole of metal, for each mCi of 177Lu solution (= 291pmoles Total Lu), we need 291pmoles of DOTA-TATE (Mw=1430) 
Mw = 1430 pg/pmole ⇒ 291pmoles = 416130 pg = 0.41613 µg of peptide/mCi So, assuming to have 1:1 molar ratio of peptide over TOTAL LUTETIUM, we will have:  MAX PRACTICAL SPECIFIC ACTIVITY = 2.40 mCi/µg = 3.44 mCi/nmol   Where, if we imagine in theory to have Total Lu = 177Lu (1 mCi of pure 177LuCl3 corresponds to 51.13 pmoles), we will obtain:  MAX THEORETICAL SPECIFIC ACTIVITY = 13.71 mCi/µg =  19.61 mCi/nmol  - At the IEO we have managed to label DOTA-TATE at a specific activity of  2 mCi/ µg (very close to the max practical specific activity starting with a 177LuCl3 of 20 Ci/mg) obtaining a RCP > 99% (QC shown in Figure 1)  

Specific Activity of production  Chemical Purity  
Specific Activity of labeling 
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 Figure 1 TLC: silica gel C18 1M NH4Ac( pH=7): MeOH=10:90 (v/v)  Influence of chemical impurities (particularly Fe) on the Specific Activity achievable  We tested a sample of 177LuCl3 solution with a very high specific activity at production = 80 Ci/mg but with a high content of iron > 20 µg/Ci.  The result of the labeling of DOTA-TATE at intermediate specific activity (1 mCi/ µg) were disappointing.  An RCP of only 80% was obtained as shown in figure 2.  
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 Figure 2   THEORETICAL AND PRACTICAL CONSIDERATIONS ON 
177Lu LABELING MONOCLONAL ANTIBODIES  Experimental design: 

     

• Specific Activity of 177Lu at production - 22.1Ci/mg ( June 13, 06) 
• Specific Activity at labeling - 3.88 Ci/mg (June 30, 06) 
• Specific Activities  tested : 20, 22, 25, 30 mCi/mg         starting with 10 mCi of 177Lu 
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Results: 
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Conclusions:  Unsatisfactory RCP were obtained starting from a 177Lu solution with the specific activity less than 5.0 Ci/mg at time of radiolabeling.  
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OPTIMIZATION OF THE PREPARATION AND QUALITY CONTROL OF 
177Lu BASED THERAPEUTIC RADIOPHARMACEUTICALS: Facilities available 
at PINSTECH  MALIK .M. ISHFAQ Isotope Production Division, Pakistan Institute of Nuclear Science and Technology (PINSTECH), P.O. Nilore, Islamabad, Pakistan  
Abstract  Isotope Production Division (IPD) at Pakistan Institute of Nuclear Science and Technology (PINSTECH) has established centralized facilities for bulk production of radiopharmaceuticals to be supplied to various nuclear medical centers of the country. Here different groups have been established to look after the production of 99mTc generators, production of sodium iodide (131I) solution and other reactor produced radionuclides; radiopharmaceuticals freeze dried in-vivo diagnostic kits, quality control of radiopharmaceuticals and their dispatch. For this purpose different laboratories including two clean laboratories; one for bulk production of freeze dried in-vivo diagnostic kits and other for 99mTc generators were provided by the IAEA under technical cooperation, have been constructed. Organic laboratory has also been created for synthesis of MAG-3, MIBI, DISIDA, HMPAO, ECD etc. Excellent quality control laboratories have also been established for checking every batch in terms of radionuclidic purity, radiochemical purity, sterility, pyrogenicity and biodistribution in animals. Research activities under IAEA coordinated research programmes related to preparation 
of therapeutic β-particle emitting radionuclides like 177Lu, 166Ho, 153Sm, 186,188Re etc in PARR-I research reactor and their radiopharmaceuticals formulations with HEDP, EDTMP, FHMA, DOTATATE were also carried out.  Studies on the optimization of the production of 177Lu radionuclide by irradiating natural/ enriched lutetium targets as solid or liquid in PARR-I reactor for different time intervals were carried out. The irradiation data indicate that specific activity of liquids targets (5.5 Ci/mg) is higher than solid targets (4.6 Ci/mg). Studies on the optimization of 177Lu-EDTMP and 177Lu-DOTA-Tyr3-Octreotate complexes were investigated w.r.t. pH, temperature and incubation period to get a complex of high yield (>99%). Radiochemical purity of 177Lu-DOTA-Tyr3-Octreotate was determined by radio TLC technique. Stability of these complexes was also studied in the buffer and in the saline for 4, 16, 48 hours intervals and the quality control of the complex was performed using TLC technique. The animal study 177Lu-EDTMP and 177Lu-DOTA-Tyr3-Octreotate complexes were also carried out in animal model.  INTRODUCTION  For upgrading of health standard in the country, the establishment of latest diagnostic and therapeutic facilities was encouraged by Government of Pakistan so that these modalities could be available for patients in Pakistan. Consequently, a number of nuclear medical centres have been established either by Pakistan Atomic Energy Commission (PAEC) or by government/ private sector. At present more than 25 nuclear medical centres are 
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functioning where more than thirty millions of patients are treated yearly. Radiopharmaceuticals are extensively used for therapeutic and diagnostic purposes in the nuclear medical centres. In order to facilitate patients at cheaper cost, it was imperative to have a very strong radiopharmacy programme in the country where radiopharmaceuticals could be produced at national level. Isotope Production Division (IPD) at Pakistan Institute of Nuclear Science and Technology (PINSTECH) has established centralized facilities for bulk production of radiopharmaceuticals to cater for the needs of all the nuclear medical centers of the country. Now Isotope Production Division is actively involved in the production, quality control and dispatch of radiopharmaceuticals to various hospitals in the country. In order to streamline the procedure, different groups have been established to look after the production of 99mTc generators, production of sodium iodide (131I) solution and other reactor produced radionuclides; radiopharmaceuticals freeze dried in-vivo diagnostic kits, quality control of radiopharmaceuticals and their dispatch. Different laboratories for their production have been constructed so that the production could be carried in safe and clean environment. It is worth mentioning that two clean laboratories for bulk production of freeze dried in-vivo diagnostic kits and 99mTc generators were provided by the IAEA under technical cooperation projects.   Organic laboratory has also been created for synthesis of precursors for second generation radiopharmaceuticals like MAG-3 (Mercaptoacetyl glycyl glycyl glycine), MIBI (Methoxy isobutyl isonitrile), DISIDA (2,6-Diisopropyl phenyl carbamoyl immino diacetic acid), HMPAO (Hexamethylene propyleneamine oxime), ECD (N,N-bis Carboethoxy-2- mercapto) ethylenediamine dihydrochloride) etc. Excellent quality control laboratories have also been established for checking every batch in terms of radionuclidic purity, radiochemical purity, sterility, pyrogenicity and biodistribution in animals.  During the past two decades, there has been considerable interest in the use of short-lived moderate energy beta emitting radionuclides for targeted radionuclide therapy [1]. This therapy involves the use of a radiolabelled molecule to selectively deliver a cytotoxic level of radiation to a disease site: delivering maximum radiation dose to the tumour while minimizing the radiation of normal organs. The use of unsealed radiotherapeutic agents for the treatment of cancer has also increased because of the advances in tumor biology, recombinant antibody technology and radio-synthetic chemistry that have led in the development and clinical application of targeted radiotherapeutic agent. Several beta emitting radionuclides have been labelled with organic/ biomolecules for the preparation of therapeutic radiopharmaceuticals and successfully tested for the treatment of metastatic cancer and other abnormalities [2-6]. Our laboratory has also been investigating the development of therapeutic radiopharmaceuticals under IAEA 
coordinated research programmes. Studies on the production of β-particle emitting radionuclides like 177Lu, 166Ho, 153Sm, 186,188Re, etc. in PARR-I research reactor and their radiopharmaceuticals formulations with HEDP, EDTMP, FHMA, DOTATATE [7-10] etc have also been completed under IAEA coordinated research programmes.   
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2. ACTIVITIES OF ISOTOPE PRODUCTION DIVISION  IPD acts as a central radiopharmacy laboratory for the production, dispensing, quality control, storage and documentation of radiopharmaceuticals. IPD also acts as a research and teaching laboratory where research on new radiopharmaceuticals as being carried out. IPD is involved in following activities:  Reactor produced radiopharmaceuticals. Technetium-99m generators. Radiopharmaceutical in-vivo kits production. Synthesis of Precursors. Research and development. Teaching assignments.  Reactor produced radiopharmaceuticals  PINSTECH has Pakistan Atomic Research Reactor-I (PARR-I), which was use to be 5MW swimming pool type reactor based on highly enriched uranium (HEU) fuel. It went critical on 21st Dec. 1965. Since its criticality PARR-I has rendered invaluable service in the training of manpower, in the production of radioisotopes for medical and industrial applications. With an average of 1500 – 2000 hrs of operation per year PARR-I completed 28,500 hrs of safe operation in 1988 – 1989. At this stage the reactor core reached recommended burn-up limits while there was no fresh supply of HEU fuel for further operation. PINSTECH decided to convert the core to 20% enriched fuel (LEU) at the same time enhancing the power to 10MW. PARR-I with LEU went critical on Oct. 31, 1991. Since then it is providing service to the users. With the up-gradation of the reactor radioisotope production has also been increased and now IPD is capable of 
producing all radioisotopes, which can be produced through (n-γ) reaction. Yet keeping in view the demands of the users and other constraints we have been producing radioisotopes given in Table 1.  



125 

TABLE 1. RADIOPHARMACEUTICALS PRODUCED AT PINSTECH  
S. No. Radioisotopes Chemical Form 
1. 131I* Sodium Iodide (131I), Hippuran (131I) and MIBG (131I)  
2. 99mTc Chromatographic Generator 
3. 32P* Sodium phosphate (32P) and Phosphoric acid (32P) 
4. 35S* Sulphuric acid (35S) 
5. 198Au Colloids 
6. 51Cr Sodium Chromate (51Cr), Chromic Chloride (51Cr), Chromium-EDTA (51Cr)  
7. 197,203Hg Neohydrin (197Hg) 
8. 82Br Sodium Bromide (82Br) 
9. 59Fe Ferric Chloride (59Fe) 
10. 153Sm Samarium-EDTMP (153Sm) Samarium-FHMA (53Sm) 
11. 166Ho Holmium-FHMA (166Ho) 
12 177Lu Lutetium-EDTMP (177Lu), Lutetium-DOTATATE (177Lu) 

 The extent of production generally depends on the demands of the consumers for various radioisotopes. Some are produced and supplied regularly while other are produced as and when required basis.   2.1.1 Facilities for the production of radioisotopes  For the production of radioisotopes in safe and clean environment, different leaded shielded hot cells have been installed.  Two plants for the production of sodium iodide (131I) solution Plant for the production Sodium phosphate (32P) and Phosphoric acid (32P) Remotely operated shielded cells. Master slave manipulator cell. A large number of shielded fume-hoods for low activity materials.  2.1.2 Production of Iodine-131  Sodium Iodide (131I) solution is the major product required by our nuclear medical centres for diagnosis and treatment of thyroid diseases. In addition other products like sodium iodohippurate (131I) and other 131I labelled compounds are produced on the demand of our medical centers. The plant for the production of 131I was supplied by AECL (Canada) in late 60’s. It used wet distillation technology for the production of 131I, which is now obsolete and no more reliable. In order to ensure guaranteed supply of this product a new facility for the production of 131I has now been installed and commissioned in IPD in 1998. The new facility is based on dry distillation technology has many advantages over 
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the wet process. These include less time, better yield of Iodine, more radioactive concentration and no liquid radioactive waste. Other facility for preparation of 131I capsules is also available.  2.1.3 Production of other therapeutic radionuclides  Nuclear reactors continue to play an important role in providing radioisotopes for nuclear 
medicine. Many reactor produced radioisotopes are “neutron rich” and decay by β- emission and are thus of interest for therapeutic applications. This therapy involves the use of a radiolabelled molecule to selectively deliver a cytotoxic level of radiation to a disease site: delivering maximum radiation dose to the tumor while minimizing the radiation of normal organs. Initially, IPD has been producing Sodium phosphate (P-32) to 
meet the demand of the medical centres in the country. Other importance β-particle emitting radionuclides like 177Lu, 166Ho, 153Sm etc are now available for radionuclide therapy with wide variety of tissue ranges. The physical characteristics of these radionuclides are shown in Table 2. 177Lu radionuclide with a tissue mean range of 670 
µm and 131I radionuclide with mean range 910 µm are more effective for small tumor and 
166Ho with a mean range of 3200 µm is more useful for large size tumor. The 153Sm 
radionuclide with mean range of 1200 µm is considered to be effective with medium size tumor.   TABLE 2.  PHYSICAL CHARACTERISTICS OF VARIOUS THERAPEUTIC RADIONUCLIDES  
Radionuclides Half-life (d) γ-Emissions (keV) 

Average 
β-Emissions (keV) 

Mean Range 
(µm) 

131I 8.1 364 182 910 
177Lu 6.7 208 133 670 
153Sm 1.9 103 229 1200 
166Ho 1.1 810 666 3200 

  3. TECHNETIUM-99m GENERATORS  Tc-99m (6.02h) is the most widely used radioisotope in nuclear medicine. The present world demand for 99Mo was estimated as approx. 6000 Ci per week (6 days pre-calibrated) further growth in demand has also been predicted. IAEA has provided us with equipment consisting of Hot cell, loading facility, clean room technology, laminar flow worth US$:250,000 (TC project PAK/040) so that 99mTc generator conforming to the international standards could be produced locally. A special clean laboratory has been installed for hot cells with in-cell equipment.    
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RADIOPHARMACEUTICAL IN-VIVO KIT PRODUCTION Tc-99m labeled radiopharmaceuticals constitute more than 80% of all diagnostic nuclear medicine procedures. This amounts to 7 million tests/year in Europe alone and up to 8 million/year in USA. Hence, a project was initiated with the help of IAEA Tech. Assistance programme (PAK/6/012) with a view to establish a centralised facility at national level at PINSTECH where the task of preparation and development of radiopharmaceutical in-vivo kits could be carried out. Similarly, quality control procedures are being adopted so that the products conform to W.H.O. standards. We are producing not only the first generation of in-vivo kits (like DTPA, MDP, DISIDA DMSA etc.) but also second generation of modern radiopharmaceuticals (MIBI, MAG3, ECD, HMPAO).  SYNTHESIS OF PRECURSORS The precursors required for the production of second generation radiopharmaceuticals are not available in the market and have to be synthesized. IPD has also established limited facilities for the syntheses of various precursors like HIDA, EHIDA, DISIDA, BROMIDA, MAG3, ECD, MIBI, HMPAO, MIBG etc.   6.  ACTIVITIES UNDER IAEA RESEARCH CONTRACTS  Under IAEA CRP (research: contract 8668 and research contract 12130) various radionuclides like 186Re, 153Sm and 166Ho were produced in PARR-I reactor and then labelled with different molecules to get therapeutic radiopharmaceuticals as given below.  
Radiopharmaceuticals Application 
153Sm-EDTMP Bone metastases 
153Sm-FHMA Rheumatic arthritis 
186Re-HEDP Bone metastases 
166Ho-FHMA Rheumatic arthritis 
177Lu-EDTMP Bone metastases 
177Lu-DOTATATE Treatment of tumour 
131I-DOTATATE Treatment of tumour 
153Sm-DOTATATE Treatment of tumour 
166Ho-DOTATATE Treatment of tumour 

 7.  PREPARATION OF 177Lu RADIONUCLIDE AND ITS RADIOPHARMACEUTICALS FORMULATION  7.1  Preparation of 177Lu radionuclide    
177Lu was produced by irradiation of lutetium samples in the core of swimming pool type Pakistan Atomic Research Reactor (PARR-1) at a thermal neutron flux of 1x1014 neutrons.cm-2.s-1 for various time intervals ranging from 1 to 96 hours. Natural abundant Lu2O3 and enriched 176Lu2O3 were dissolved in 1M HNO3, evaporated to dryness and again taken up in 0.1 M HNO3. Lu (NO3)3 (2.59% 176Lu) powder and enriched Lu 
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(NO3)3 (68.9% 176Lu) powder were sealed in a quartz ampoule and cold welded in aluminum containers for irradiation. In another experiment 0.2 mL of liquid Lu (NO3)3 was put into quartz ampoule. These ampoules were sealed and cold welded in aluminum containers and these targets were then irradiated in PARR-1 The irradiated targets were dissolved in 5 mL of 0.1 M HCL, followed by repeated evaporation to dryness. The residue was dissolved in physiological saline solution to get 177Lu as chloride at pH 5-7. 
This solution was filtered through a 0.22 µm membrane and dilluted to a certain volume for activity measurement. The absolute activity of the samples was measured with Multichannel Analyser coupled with HPGe detector (Canberra). The detector was 
calibrated and efficiency curve was obtained using long-lived radionuclide γ ray standards. The calibration factor of ionization chamber CRC-5RH (Capintec) was adjusted until the activity of the sample was same as the activity measured with HPGe detector. Long-lived radionuclidic impurities were determined after 6 weeks of irradiation. Some of the physical characteristics of lutetium nuclides are given in TABLE 5.  TABLE 5. PHYSICAL CHARACTERISTICS OF VARIOUS Lu NUCLIDES  

Nuclide Isotopic abundance (%) 
Activation cross section (barns) 

Activation product Half-life 

175Lu 97.41 15 22 
176mLu 
176Lu 3.96 h 3.4x1010 y  

176Lu 2.59 0.054 54.4 
177mLu 
177Lu 160.4 d 6.67 d 

176Lu 68.9 (enriched) 0.65 1447 
177mLu 
177Lu 160.4 d 6.67 d 

 The gamma rays energies of various Lu radionuclides are tabulated in TABLE 2.  The results of the irradiation of natural Lu and enriched 176Lu (68.9%) in PARR-1 at a thermal neutrons flux of 1x1014 cm-2.s-1 are shown in TABLE 6.    
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TABLE 6.  THE ACTIVATION YIELD OF 177Lu IN PARR-I FOR VARIOUS IRRADIATION TIMES AND AMOUNTS OF Lu (NATURAL AND ENRICHED) AT A NEUTRONS FLUX OF 1x1014 Cm-2.s-1   
Time of irradiation (hrs) 

Amount of Lu to be irradiated Activity measured  
Specific activity  

  (mCi) MBq (mCi/mg) MBq/mg 
1 4 mg 8 296 2 74 
10 4 mg 78 2886 19 721 
24 4 mg 150 5550 37 1387 
48 4 mg 384 14208 96 3552 
48 0.2 mL, 4 mg 480 17760 120 4440 
48 40 µg of 176Lu (68.9%) 100 3700 2500 92500 
48 0.2 mL, 40 µg of 176Lu (68.9%) 

128 4736 3200 118400 
96 40 µg of 176Lu (68.9%) 184 6808 4600 170200 
96 0.2 mL, 40 µg of 176Lu (68.9%) 

220 8140 5500 203500 
 An increase in specific activity of 177Lu was noted when irradiating 0.2 mL (liquid) of lutetium nitrate (68.9% 176Lu).  More than 5.5 Ci/mg of activity of 177Lu was obtained while irradiation this liquid target for 96 hours. The irradiation of the liquid target was managed (special arrangement) at neutrons flux of 1.8x1014 cm-2s-1, which resulted in more than 8 Ci activity per mg. The probable reasons for getting less activity using solid targets is the result of self shielding, which decreases neutron flux from the surface to the centre of the target matrix. So the actual induced activity is sometimes decreased too much according to the shape and volume of the target. Hence, the specific activity of 
177Lu increases in the order Lu (NO3)3 (solid)< Lu (NO3)3 (liquid). The quantity of radionuclidic impurity of 177mLu was found to < 2x10-3 % for 96 hours irradiation time.   The liquid and solid samples of 176Lu(NO3)3  (68.9% 176Lu) were also irradiated at thermal neutrons flux of 1.8x1014 cm-2s-1. High specific activity (>8 Ci/mg) of 177Lu 
was obtained by irradiating 0.2 mL of 40 µg of 176Lu as 176Lu2O3 (176Lu, 68.9%) at thermal neutrons flux of 1.8x1014 cm-2s-1 in PARR-I Research Reactor for 96 hours (Table 7).  
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TABLE 7. THE ACTIVATION YIELD OF 177Lu IN PARR-1 FOR 96 HOURS IRRADIATION TIME OF Lu (ENRICHED) AT A NEUTRONS FLUX OF 1.8x1014 cm-2.s-1 
Time of irradiation (hrs) 

Amount of Lu to be irradiated Activity measured  
Specific activity  

  (mCi) MBq (mCi/mg) MBq/mg 
96 40 µg of 176Lu (68.9%) 

264 9768 6600 244200 
96 0.2 mL, 40 µg of 

176Lu (68.9%) 
330 12210 8250 305250 

 Preparation of 177Lu-EDTMP  
177Lu-EDTMP complex is considered to more appropriate for bone pain palliation. Labelling of 177Lu radionuclide with EDTMP ligand was carried to optimize the labeling yield of 177Lu-EDTMP. The 177Lu-EDTMP complex was prepared by dissolving the ligand in 0.4 mL of 0.5 M NaHCO3 buffer (pH 9). To the resulting solutions, 0.1 mL of 
177LuCl3 was added after the addition of 0.5 mL normal saline. Various parameters such as ligand concentration, pH of the reaction mixture, reaction time and temperature were optimized to achieve maximum complexation yield. The radiolabelling yields of the 
complexes were determined by paper chromatography. 5 µL of the test solution were spotted at 1.5 cm from one end of Whatman 3 mm paper strip (12x2cm). The strips were developed in acetone, dried, cut into 1 cm segments and activity was measured. Under these conditions, the 177Lu-EDTMP complexes moved towards solvent front with Rf of 1.0, while 177LuCl3 remained at origin (Rf =0). The effect of variation of pH on complexation yield at room temperature was studied by varying the pH of the reaction mixture from 2 to 10. The pH of mixture was obtained either by adding 1 M HCL or 1 M NaOH. Maximum yield of 99% was observed at pH 8 for 177Lu-EDTMP. Concentration of EDTMP was varied between a wide ranges starting from 1 to 20 mg/mL. It was observed that at room temperature ~99% complexation was achieved with 5 mg/mL of EDTMP. The incubation time of the reaction mixture was varied between 1 to 20 minutes. Optimum labelling yield was obtained at incubation time of 5 min.   Preparation of 177Lu-DOTA-Tyr3-Octreotate  The 1 mg of ligand (DOTA-Tyr3-octreotate) was dissolved in 40 ml of re-distilled water, which was distributed in 1 ml in plastic coated vials. These vials were then freeze dried 
for 24 hours and placed in refrigerator for further experiments. A vial containing 25 µg of DOTA-Tyr3-Octreotate was taken up in 1 ml of acetate/ascorbate buffer (30 mM NaOAc/ 25mM sodium ascorbate) of pH ranging from 2 to 7. 10 mCi of 177LuCl3 was added to the vial. The vial was heated at 80oC for different time intervals of 5 to 60 minutes. Radiochemical purity of 177Lu-DOTA-Tyr3-Octreotate was determined by radio-TLC with C18 plates developed in 70:30 MeOH:10% NH4OAc. Under these conditions 177Lu-DOTA-Tyr3-Octreotate appears at Rf 0.8 while 177Lu-acetate stays at the Rf 0. The yield of 177Lu-DOTA-Tyr3-octreotate as a function of pH, incubation time 
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and incubation temperature on complexation yield was studied.  The pH of mixture was obtained either by adding 1 M HCL or 1 M NaOH.  The results indicated that high labelling yield of 177Lu-DOTA-Tyr3-Octreotate was obtained at pH 5 with 25 minutes incubation time and reaction temperature of 80oC. The result related to the effect of molar ratio on the labelling of 177Lu-DOTA-Tyr3-Octreotate is given in FIG.1. 
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        FIG.1. Labelling yield of 177Lu-DOTA-Tyr3-Octreotate with Molar Ratio   Animal Studies  All animal experiments were performed in accordance with the Protocol for the Care and Animal Studies prepared by Quality Control Group, PINSTECH. Animal studies of 
177Lu-EDTMP and 177Lu-DOTA-Tyr3-Octreotate complex were performed in ~200 g 
male Sprague Dawley rats. Two hundred microlitres of the complex (80 µCi) were injected into the tail veins of rats and each rat was housed individually for particular time. They were killed by cervical dislocation at 1 hour, 2 hours, 6 hours, 12 hours, 24 hours and 72 hours. One mL of the sample of blood was drawn using disposable syringe from the heart. The rat was then weighed and subsequently dissected with special care being taken to separate the blood and urine on the kill papers, the tissue washing and the urine collected from the cages. Counting was performed using Capintec dose calibrator.   The data related to the biodistribution studies of 177Lu-EDTMP and 177Lu-DOTA-Tyr3-Octreotate are presented in Table 8 and Table 9, respectively.   
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TABLE 8.  BIODISTRIBUTION OF 177Lu-EDTMP IN MALE RATS AT VARIOUS 
INTERVALS POST INJECTION [% injected dose (ID) per organ ± SD (n=4)]  Organs 2 hour 24 hours 72 hours 120 hours Blood 0.71 ± 0.88 0.12 ± 0.06 0.11 ± 0.03 0.05 ± 0.04 Lungs 0.11 ± 0.02 0.08 ± 0.02 0.07 ± 0.01 0.02 ± 0.01 Liver 0.51 ± 0.08 0.33 ± 0.04 0.22 ± 0.08 0.12 ± 0.07 Spleen 0.04 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 0.02 ± 0.00 Kidney 2.1 ± 0.08 1.4 ± 0.11 0.35 ± 0.09 0.12 ± 0.06 GI 1.45 ± 0.06 0.83 ± 0.03  0.55 ± 0.05 0.21 ± 0.08 Femur 7.65 ± 1.10 8.25 ± 0.59 7.15 ± 1.08 6.81 ± 0.35   TABLE 9.  BIODISTRIBUTION OF 177Lu-DOTA-TYR3-OCTREOTATE IN MALE RATS AT VARIOUS INTERVALS POST INJECTION [% injected dose (ID) per organ 
± SD (n=4)] Organs I hour 2 hours 6 hours 12 hours 72 hours Blood 2.12 ± 0.38 0.81 ± 0.21 0.08 ± 0.03 0.05 ± 0.04 0.03 ± 0.01 Lungs 0.21 ± 0.02 0.12 ± 0.02 0.07 ± 0.01 0.05 ± 0.01  0.01 ± 0.00 Liver 0.61 ± 0.08 0.49 ± 0.04 0.32 ± 0.08 0.29 ± 0.07 0.25 ± 0.06 Spleen 0.04 ± 0.01 0.02 ± 0.01 0.02 ± 0.01 0.01 ± 0.00 0.01 ± 0.00 Kidney 2.7 ± 0.09 2.4 ± 0.12 1.95 ± 0.09 1.82 ± 0.11 1.65 ± 0.06 Femur 2.65 ± 1.10 2.15 ± 0.99 1.55 ± 1.22 1.21 ± 1.25 0.22± 0.88 Adrenal 0.42 ± 0.05 0.32 ± 0.06 0.29 ± 0.07 0.25 ± 0.04 0.19 ± 0.04 Intestine 5.38 ± 1.25 5.12 ± 1.32 4.75 ± 1.50 4.25 ± 1.23 2.25 ± 0.88 Pancreas 8.85 ± 1.25 7.15 ± 1.32 6.35 ± 1.95 4.85 ± 0.86 1.55 ± 0.41 Urine 20.96 ± 12.4 14.38 ± 11.6 11.56± 6.85 18.65± 10.56 8.76 ± 2.42   Table 8 indicates that 177Lu-EDTMP showed significant uptake in bone with low uptake in soft tissue, rapid clearance from blood and finally excreted through kidney. Similarly, the biodistribution study of 177Lu-DOTA-Tyr3-Octreotate in rats (Table 9) indicates that the critical organ was the pancreas and the excretion route was through kidney. All the rats during the study were found to show normal behaviour (movement, sleeping, eating). The table also showed uptake in bone, which is most likely due to free 177Lu (~2%) as all lanthanides have high affinity for bone.   
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“Development of Therapeutic Radiopharmaceuticals Based on 177Lu for Radionuclide 
Therapy”    E. Aliaga, Planta de Producción de Radioisótopos, Instituto Peruano de Energía Nuclear, Lima, Perú.   
Abstract Peru has a nuclear reactor of 10 MW with a maximum neutron flux of 2 x 1014 neutrons/cm2.s for radioisotopes production and research. Radioisotopes should have high specific activity for some therapeutic applications. 177Lu is a therapeutic radionuclide that has some advantages like its half life, energy of the beta particle and the emission of gamma photon that makes it imageable and facilitates the stimation of the radiactive dose. The theoretical calculations indicates that the maximum specific activity of 177Lu that is possible to obtain after irradiation 82% enriched 176Lu  at a neutron flux of 2 x 1014 neutrones/cm2.s for 17 h is 3,7 GBq/ mg of Lu. In a previous work, after irradiation 2,2 mg of natural Lu at 1 x 1014 neutrons/cm2.s we obtained 1,67 GBq of  
177Lu. We had developed some radiopharmaceutical for therapeutic applications such as 
153Sm-EDTMP and 131I-MIBG and we are developing some other radiopharmaceuticals based on 153Sm and on 177Lu. Also, we are looking for other radiopharmaceuticals for use in hepatocellular carcinoma and in the treatment of primary cancers, the latter based on peptides and monoclonal antibodies.   Peru has a 10 MW nuclear reactor for use in radioisotopes production and research. The reactor characteristics is show on Table 1  Table 2. RP-10 characteristics 

Parameters Description 
Type Swimming pool of 11 m of depth and 4m of diameter Thermal power Maximum:10 MW, with possibilities of extending to 15 MW Fuel Natural uranium, enriched to 20% in U 235 Irradiation positions Nine. It has in addition 1 thermal column, 1 tangential duct and 4 radial ducts maximum flux a 10 MW  2 x 1014 (n/cm2.s) 

 Our institution manufactured cold kits for technetium labeling and radiopharmaceuticals for diagnosis and therapy as indicated in Table 2. 
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Table 3. Radiopharmaceuticals production 
Cold kits for technetium labeling Radioisotopes Radiopharmaceuticals 
AMD 99Mo Na99mTcO4 MIOTEC (MIBI) 131I Na131I RENTEC (MAG3) 153Sm 131I-MIBG DMSA 32P DOLOSAM (153Sm-EDTMP) PPi 35S  TSC 192Ir  LINFOTEC (DEXTRAN)   MACROPULMON (MAA)   

 Research is carried out at the IPEN, both for diagnosis and therapy applications: “Synthesis and labeling of hydroxyapatite with Samarium 153”[1]: hydroxyapatite was synthesized according to the Hayek method and then labeled with Samarium 153 using citric acid as a ligand. The radiochemical purity was 99% and the particles were stable for 9 days at room temperature.  “Biological distribution and gammagraphy evaluation of the radiotherapeutic agent 
153Sm-Hydroxyapatite”[2]: the retention in the sinovial capsule and the extra-joint activity of the hydroxyapatite labeled with Samarium 153 was evaluated by biological distribution and gammagraphy studies in Wistar rats and New Zealand rabbits. 153Sm-
Hydroxyapatite with a size particle of 5 to 10 µm and 99% radiochemical purity was used. Over 99% of the radioactivity injected remains into the synovial capsule after 9 days. “Obtaining and purification of the monoclonal antibody (AcMo) Ior-CEA1 labeled with Iodine 131 for diagnosis of neoplasics diseases related to adenocarcinoma embryonic”[3]: the monoclonal antibody IOR-CEA1 was labeled with 131I by the Chloramine T method 
and purified by PD 10 column. The radiochemical purity was 97,57 % ± 1,53. The product was stable up to six days with a radiochemical purity over 90% when it is store between 4 to 8 ºC.  “Development, labeling with Iodine 131 and stability of a radiopharmaceutical based on the monoclonal antibody anti-CD 20”[4]: 1 mg (for diagnosis purpose) or 10 mg (for therapeutic purpose) of a  chimeric monoclonal antibody anti-CD20 was labeled with 8 mCi (for diagnosis purpose) or 80 mCi (for therapeutic purpose) of 131I by the Chloramine T method. The product was purified by PD 10 column. Satisfactory results were obtained for diagnosis use with a radiochemical purity of 99,37% on the first day of labeling that falls to 95% at day 40 and to 90% at day 60. The radiochemical purity for therapeutic applications was 97% and the stability was two days. Studies are carried out to raise the stability up to 7 days.  “Optimization of the process of production of lyophilized anti-CEA for label with Technetium-99m obtained by extraction, complemented with radiochemical evaluations 
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and stability”[5]: monoclonal antibody IOR anti-CEA1was reduced with 2-ME with a AcMo:2ME ratio of 1:1000 and 1:2000. The reduced protein was purified by PD 10 column or Sephadex G-25 column. AMD was used as a weak ligand and stannous fluoride as a technetium reducer. Two amounts of monoclonal antibodies was evaluated: 1 and 1,2 mg and the lyophilization process was optimized. The radiochemical purity was > 95% that dropped to 90% one year after.   “Preliminary studies of the development of lyophilized kit of anti-EGF/r3 for labeling with 99mTc obtained by extraction for potential use in immunogammagraphy”[6]: 10 mg 
of the monoclonal antibody IOR anti-EGF/R3 was reduced with 10 µL of 2-ME. The reduced protein was purified by PD 10 column. 1 mg of reduced protein was put into a 
glass vial with 50 µL of SnF2/MDP solution. The radiochemical purity raise from 93-95% to 98,5% by increasing in 25% the SnF2 amount.  “Biological assays of the momoclonal antibody IOR-CEA1 labeled with 131I by the Chloramine T method for early diagnosis of neoplasics diseases related to adenocarcinoma embryonic”[7]: the normal biological distribution was evaluated on  Balb/c mice. The animals were killed at 4, 24, 48 and 72 h after dose injection, the activity distribution is show in Table 3. Acute toxicity assays on Balb/c mice showed no toxicity up to 2 weeks.  Table 4. % injected doses 131I-MoAb IOR anti CEA 1 /organ 
ORGAN TIME (h) 
 4 24 48 72 Blood 30 19,7 8 < 1 Gut 7,5 6,1 1,3 < 1 Liver 7,4 2,7 1,3 < 1 Stomach 1,1 3,3 < 1 < 1 Kidney < 1 < 1 < 1 < 1 

 
177Lu is a therapeutic radionuclide that has some advantages like its half life, energy of the beta particle and the emission of gamma photon that makes it imageable and facilitates the stimation of the radiactive dose. We are developing some works base on 
177Lu:  “Obtaining of low specific activity 177Lu in the nuclear reactor RP 10”[8]: 177Lu of low specific activity, useful for some applications can be obtained by the irradiation of natural Lu. We irradiated natural 176Lu at different flux and time. The results are illustrated in the Table 4.  
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Table 5. Low specific activity 177Lu production 
nat Lu  (mg) Flux (n/cm2 s) Irradiation time (h) Activity (GBq) Specific activity (GBq/mg) 
1.4 1.90E+14 10.0 0.6 0.44 
1.0 1.90E+14 7.5 0.8 0.82 1.2 1.00E+14 11.0 1.0 0.82 2.2 1.00E+14 8.0 1.7 0.76 2.6 1.00E+14 8.5 0.9 0.38 2.2 6.70E+13 12.0 1.2 0.54 

  “EDTMP labeled with 177Lu as a potential agent for radiotherapy in bone metastases”[9]: 
177Lu of low specific activity (1,3 GBq/mg) was complexed with EDTMP. The radiochemical purity was higher than 97% and after purification it was higher than 99%. 
Biological distribution was carried out in male Wistar rats with weight of 300 ± 20 g at 1 and 24 h post injection. Table 5 shows the biological distributions data. Table 6. 177Lu -EDTMP bone up take in Wistar rats 

Rat  time (h) % I.D./organ (bone mass) Mean ± SD 
1 1 28.85 2 1 34.79 31.82 ± 2.97 
3 24 53.47 4 24 76.23 64.85 ± 11.38 

 “Radiotherapeutic particles preparation for arthropatias”[10]: Macroaggregates of hydroxide Lutetium for arthropatias treatment were prepared by US in sodium hydroxide medium. The controls include particles analysis by microscopic, in vitro serum sedimentation speed and biological studies in rabits. The distribution of the radiactivity according to the particles size of the macroaggregate of Lutetium hydroxide obtained is show in Table 6.  Table 7. 177Lu-HM radiactivity distribution 
Particle size (µm) Activity (MBq) % 
45 96,6 30,3 10 75,8 23,8 5 144,5 45,3 1,2 1,1 0,3 0,22 0,9 0,3 

 With this CRP we are planned to do the following works:  Development of technology for the production of high specific activity 177Lu for biomolecules labeling: labeling biomolecules such as peptides and monoclonal antibodies needs 177Lu of high specific activity. The production of high specific activity 177Lu is feasible by means of two routes. The direct routes need enriched 176Lu, medium to high neutron flux and large irradiation time. With the indirect route starting from enriched 
176Yb non carrier added 177Lu with minimal 177mLu contamination can be obtained, but it needs some methodological procedures to separate Lu from Yb. We will explore the possibility to produce high specific activity 177Lu by the indirect route. We will irradiat 
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Yb 97,79% enrichment 176 (DOE-OAK RIDGE) at the maximun neutron flux to obtain 
177Yb wich decay to 177Lu. Separation procedures based on resins will be evaluated in order to efficiently separate Lu from Yb.  EDTMP labeled with 177Lu as a potential agent for radiotherapy in bone metastases: the aim of this project is to use high specific activity 177Lu for radiolabeling EDTMP in order to obtain a radiochemical purity over 99% without the need of purification step. Biological evaluation of the 177Lu-EDTMP: the biological affinity evaluation of the radiopharmaceuticals offers us the security that the administered radiopharmaceutical goes on the critical organ. The objective of this project is to characterize the 177Lu-EDTMP biological behavior and to determine the suitable time and the technical considerations for the biological distribution controls of 177Lu-EDTMP. The biological models will be adult rats and mice of both sexes, with a weight ranged from 250 to 350 g and 25 to 35 g respectively. A fraction of the radiopharmaceutical, 370 to 740 KBq will be injected to the biological model. Controls will be doing for six hours the first day and then daily up to 21 days.  Lipiodol labeled with 177Lu for hepatocellular carcinoma treatment: hepatocellular carcinoma is the more frecuent primary malignant tumor of the liver. The patients with chronic hepatitis B or C have more risk of presenting this tumor. The aim of this project is to develop a 177Lu-lipiodol radiopharmaceutical for the treatment of the HCC.  Obtaining of DOTA-Tyr3-Octreotide (DOTATOC) labeled with 177Lu as a radiotherapeutic agent: Peptide receptor-targeted radionuclide therapy of somatostatin receptor-expressing tumors is a promising application of radiolabeled somatostatin analogs. The aim of this project is to obtain octreotide labeled with 177Lu for the treatment of neuroendocrine tumors. High specific activity 177Lu will be complexed with DOTA-Tyr3-Octreotide. Some parameters will be analyzed to improve the labeling yield: buffer, buffer concentration, pH, time and temperature reaction. The products will be purified by passing through a Sep pack column and administered to mice bearing somatostatin receptor-positive rat pancreatic CA20948 tumor for biological evaluation. The bound specificity and the fraction of radioactivity bound to the tumor will be evaluated.  Development of 177Lu-huJ591 for the treatment of PSMA expressing tumors: the humanized monoclonal antibody huJ591 recognizes the extracellular domain of PSMA. This protein is expressed in prostate epithelial cells and by vascular endothelial cells of numerous solid tumors, but not by normal vascular endothelium in benign tissues or in neoplastic epithelial cells of non-prostate malignancies. We will labeled the protein in two steps. First, p-SCN-Bn-DOTA is going to label with 177Lu and then attaching the complex to the monoclonal antibody huJ591. We will assess the parameters of Lu link to p-SCN-Bn-DOTA: pH, buffer concentration, reaction time and temperature and chelator mass. The parameters for the conjugation of the protein would also be assessed in order to obtain the higher labeling yield without affecting the immunoreactivity. Also, the pharmacocinetics, biodistribution and immunoreactivity of the labeled antibody will be 
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assessed in nude mice bearing PSMA-positive human LNCaP tumors. The non specific tumor up take will be evaluated in PSMA-negative PC3 tumor xenografts.   Dose administration: After i.v. administration of radiolabeled antibodies only a little amount is bound to the target organ, the greater amount remains in circulation allowing its accumulation on non target organs originating greater dose to them, specially to the bone marrow. Alternative routes for radiopharmaceutical administration such as PAGRIT, locoregional and other should be evaluated in order to reduce this disadvantage and augment the dose delivery to the target organ.  Acknowledgements  
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EVALUATION OF THE EDTMP FREEZE-DRIED KIT FOR PREPARATION 
OF BONE-SEEKING RADIOPHARMACEUTICALS    DARIUSZ PAWLAK, RENATA MIKOLAJCZAK,  Radioisotope Centre, POLATOM, 05-400 Otwock-Swierk, Poland  
Abstract  High affinity of EDTMP to skeleton and to osteoblastic bone metastases, as well as a considerable high stability of many EDTMP chelates has caused the efforts on application of this bone-seeking ligand as the in vivo carrier of various radionuclides intended both for therapy and diagnosis of osteoblastic lesions. Previously, we have developed the freeze-dried kit for formulation of EDTMP radiopharmaceutical chelates with the “pain palliation” radio-lanthanides e.g.: 153Sm and 177Lu, likewise with “diagnostic” 99mTc. This work aims to evaluate some properties of the developed kit and radiopharmaceutical preparations in accordance to fulfil quality and safety criteria dictated for medicinal product for human use.  
177Lu-EDTMP formula proposed for patient treatment is as close as justified to the originally approved formula of 153Sm-EDTMP in terms of ligand quantity, ligand molar excess over the Lu metal, specific activity of 177Lu and the Ca+ and Na+ cations content.  The kit contains 35 mg of EDTMPxH2O and Lu which should correspond to about 50 microgram of 153Sm in Quadramet formulation. Freeze-dried kits were prepared according to the optimized formulation and then send to co-operating laboratories for pre-clinical evaluation.   1. Introduction The chelate of ethylenediaminetetramethylenephosphonic acid (EDTMP; Lexidronam) with samarium-153 has been already successfully utilised for pain palliation of skeletal metastases [1-5]. High affinity of EDTMP to skeleton and to osteoblastic bone metastases, as well as a considerable high stability of many EDTMP chelates (e.g. stability constant for EDTMP complexes with lanthanides LogKs = 20-22), has caused the efforts on application of this bone-seeking ligand as the in vivo carrier of various radionuclides intended both for therapy and diagnosis of osteoblastic lessions [6-8]. Thus, in the last years, preparation of EDTMP chelates with wide spectrum of beta-emitters, e.g.: 90Y, 166Ho, 165Er, 177Lu, 105Rh, 186Re, etc. [9-16], and β-emitters 212Pb or 212Bi [17], likewise diagnostic radionuclides i.e., 99mTc and 111In [18,19] have been described. Our previous studies on 153Sm-EDTMP radiopharmaceutical development [20], likewise the investigation of the EDTMP chelate with radionuclides such as: 177Lu(III), 99mTc(IV), 
51Cr(III), 113mIn(III), 64Cu(II) [21], have confirmed that, in analytical conditions, stable chelates were formed easily, in the broad range of pH and stoichiometry. In most cases, ligand to metal ratio greater than 4, and pH from 6 to 9, led to high complex yield (>98%). As other phosphonate ligands, EDTMP reveals a high affinity to inorganic salts found in bone, i.e., amorphous calcium phosphate (ACP) and hydroxyapatite (HA) [6-8,10]. However, the significant differences in pharmacokinetics and stability in vivo were observed in our study, indicating that the properties of central metal ion and the structure 
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of the chelate implicates the biological behaviour of the radiopharmaceutical. Accordingly, in biological study using normal rats we observed that, except of 64Cu-EDTMP almost completely dissociating in vivo, the other studied EDTMP chelates revealed an affinity to bone surface and a favourable pharmacokinetics in following order: 153Sm ≈ 177Lu > 99mTc ≥ 51Cr > 113mIn [21].   Nevertheless 153Sm-EDTMP shows the clinical efficacy for palliative treatment, there is need for continued improvement in reducing bone pain and at the same time minimising adverse effects to the red-marrow. Another one arises from a relatively high operational cost of the radiopharmaceutical and its restricted availability, which is mainly due to fast disintegration rate of samarium-153 radionuclide. Additionally, the necessity of the radiopharmaceutical preparation that has an initially very high radioactivity content, led to an influence on the instability of the preparation due to radiolysis reaction taking place in the solution. At present, several radionuclides are applied or proposed for pain palliation, these are: 32P (T1/2 14.26d; mean t energy 695 keV), 89Sr (50.53d; 583 keV), 
153Sm (1.95d; 225 keV), 186Re (3.78d; 323 keV), 177Lu (6.73d; 133 keV), 169Er (9.40d; 100 keV), 117Sn (13.61d; energy of conversion electrons 127 and 152 keV) and 33P (25.34d; 76.6 keV) [2,5,22]. Among them, radionuclides emitting β-particles of a relatively low energy and a short range in bone that reduces possibility of bone marrow suppression are preferable. This can be illustrated by the relative advantage factor (RAF) calculated for this radionuclide by Bouchet et al. [23] to express their radio-toxicity to bone marrow in comparison to 32P. Accordingly, the RAF index calculated when the radiopharmaceutical is assumed to be uniformly distributed in the bone volume are in the following order: 1.1 (for 89Sr), 1.5 (186Re), 2.4 (153Sm), 3.2 (177Lu), 4.5 (169Er), 5.1 (117mSn), and 6.5 (for 33P). Thus, low-energy electron emitters such as 117mSn and 33P are more likely to deliver a therapeutic dose to the bone while sparing the bone marrow than are energetic β-emitters such as 32P and 89Sr. The radio-lanthanides have an intermediate advantage factor, therefore, it seems that the choice between them as the radionuclide for therapy depends mainly on the price and availability of the specific radionuclide.  Considering the possibility of different radionuclides application for preparation of bone-seeking radiopharmaceutical using EDTMP, as well as to solve the problems of limited stability of the preparations that involve a high therapeutic doses of β-emitters, we have previously developed the freeze-dried kit for formulation of EDTMP radiopharmaceutical chelates with the “pain palliation” radio-lanthanides e.g.: 153Sm and 177Lu, likewise with “diagnostic” 99mTc [24]. In our opinion, preparation of the radiopharmaceutical extemporary reduces the risk of instability caused by radiolytical reactions. Moreover, the instant kit make possibility to use the most suitable radionuclide, and that depends both from the intended clinical purpose as well as from the economical and logistic aspects.  Based on the observation that bone deposition of the EDTMP radiopharmaceuticals increase with decreasing concentration of the ligand [21,24,25], likewise looking for compromise between yield of radiolabelling and bone deposition, we decreased the content of the ligand to 15 mg. Thus, the kit has been designed for radio-lanthanides of specific activity greater than ca. 1 GBq/mg (total activity ca. 7 GBq in maximal volume of 2 ml), and of 5 ml for 99mTc (total activity ca. 10 GBq). The aim of the present study 
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was to evaluate some properties of the developed kit in accordance to fulfil quality and safety criteria dictated for medicinal product for human use. Considering the growing interest in application of lutetium-177 (t1/2 6.73 d, β- EAv. 132.9 keV, Emax 497 keV; γ 208.4(11.7%)) as perspective radionuclide for bone palliation [13-15], we focused our study mainly on evaluation of EDTMP radiopharmaceuitals prepared with lutetium-177 of different specific activity. However, the radiochemical and biological results were compared to that achieved for 153Sm-EDTMP chelate (EDTMP 35 mg/ml) prepared following traditional method [20]. Preliminary clinical study was also performed to assess the value of 99mTc-EDTMP chelate for bone scintigraphy.  2. Materials and Methods 2.1.  Chemicals Kit formulation for 99mTc and Lanthanides labelling Ethylenediaminetetramethylenephosphonic acid synthesised based on our technology [20], has been used for manufacturing of the kit. Commercially available stannous chloride as well as antioxidant i.e. ascorbic acid, have been added to the solution of EDTMP sodium salt (EDTMP-Na6). The mixture has been adjusted to pH 7.8-8.0, then filtrated through 0.22 γm sterilisation membrane, dosing to the 10 ml sterile vials, and finally lyophilised and closed in nitrogen atmosphere. The kits containing 15 mg of EDTMP (calc. for acid), 0.2 mg of SnCl2 and 2.0 mg of ascorbic acid, have been stored in dark and temperature at 2 to 8oC.  Kit formulation for the CRP use The kit used in interlaboratory comparison planned for the CRP should be as close as possible to the original, commercially available, 153Sm-EDTMP formulation. To achieve that the mixed Ca/Na salt was prepared. To the suspension of 143 mg CaCO3 uniformly distributed in 8 ml of water 700 mg of dry EDTMP was added.  The mixture was stirred at RT until the solution was clear (10-15 minutes). Next 282 mg NaOH in 5 ml H2O was added dropwise. Initially the solution remained clear then become cloudy. Further adding of NaOH dissolved the precipitate. When adding NaOH, pH should be controlled not to exceed 7.6, at which the precipitate forms again.  After addition of NaOH (some of the solution may remain not used) stirring was continued for another 5 min, the solution transferred to the flask and filled up with water to final desired concentration. The 1 ml aliquots of final formulation were dispensed to the glass vials for freeze-drying.   Two different compositions of the kit for 177Lu-EDTMP were prepared:  - 04/06   35 mg EDTMP, (0.077 mM)   7.15 mg CaO, (0.127 mM)   14.1 mg NaOH, (0.35 mM) - 05/06   35 mg EDTMP, (0.077 mM)   5.72 mg CaO, (0.102 mM)   14.1 mg NaOH, (0.35 mM)  Availability of 177Lu and other radioisotopes in Poland 
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For 99mTc-EDTMP radiopharmaceutical preparation sterile eluate from 99Mo/99mTc generator (OBRI POLATOM, Poland) was used. Lutetium-177 was produced in the nuclear reactor Maria, Świerk, Poland following (n,γ nuclear reaction.  The targets of spectral purity grade in the form of lutetium nitrate either of natural Lu (176Lu abundance of 2.56%, Techsnabexport), or enriched in 176Lu to 68.9% (Trace Sciences Int. Corp.), were irradiated for  100 – 200 h in thermal neutrons flux of ca. 2 x1014 ns-1cm-2. Under these conditions, the specific activity of the obtained lutetium-177 was from 37 to 740 GBq/mg Lu at the EOB.  For production of samarium-153, samarium oxide of 98.6% 152Sm enrichment was irradiated through 60 h in neutron flux of 7 x1013 ns-1cm-2. The solutions of radionuclides were filtered through 0.22 µm membrane to the 10 ml borosilicate vials, capped, and finally sterilised in autoclave. In all cases, the radionuclide purity of the preparations was over 99.99%. The only important radionuclide impurity for lutetium-177 was 177mLu, which contents after 7 days post irradiation did not exceed ca. 2 x10-3 %. For samarium-153, 152Eu and 154Eu radionuclides at ca. 4 x10-4% were detected.  2.2.  Quality control and stability of the EDTMP radiopharmaceuticals Three production batches of the EDTMP kit (no. C/01, D/01, and E/01) stored for six months at 2-8oC were tested. The radiopharmaceuticals of a high radioactive concentration were prepared, and were tested by means of radiolabelling yield, likewise radiochemical purity, and biodistribution in healthy rats following “reconstitution of the kit” and after storage of the radiopharmaceutical preparations for 3 and 24 h at room temperature. The radiolabelling yields, likewise the radiochemical purity of the preparations during the storage were determined using paper radioelectrophoresis (Whatman 3MM, electrolite 0.05M NaClO4, gradient of field 10 V/cm) and by TLC technique. Following TLC conditions were applied: (1) for 177Lu-EDTMP evaluation - plastic sheets coated with cellulose and water-methanol-25% ammonia 50/50/2 v/v/v as the mobile phase, (2) for 
99mTc-EDTMP evaluation – ITLC SG plates: with methylethylketon (MEK) for determination of 99mTcO4-, and 13.6 % of sodium acetate for determination of 99mTc colloidal forms.  Safety test, such as sterility, bacterial endotoxins (LAL Endosafe), pyrogenicity (rabbit test) were undertaken as a matter of routine in order to verify the quality of the products, i.e., both the production batches of the EDTMP kit, and the radiopharmaceuticals's preparations.  2.3.  Biodistribution studies Biodistribution studies were done in healthy Wistar rats (male, weighing ca. 160-320g). The preparations of radioactive EDTMP chelates (radioactive concentration ca. 37-74 MBq/ml) were administered to rats intravenously into the tail vein in a volume of 0.2 ml. During the course of the experiment, the animals were housed in single cages with absorbent paper at base. The animals were anaesthetised and killed, routinely 90 min p.i.v., and then selected organs were taken out to determine the radiopharmaceutical distribution. The radioactivity of blood pool, urine, and samples of weighted tissues and carcass was measured using gamma counter supplied with adapter for whole body 
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measurement. The results were calculated as percentage of dose in organs (%ID) or percentage of dose in gram of tissue normalised to animals of 200 g body weights (%ID/g * BW/200g). An unpaired Student t-test (at 95% confidence interval) was applied for data evaluation. For presentation of skeletal uptake, an extrapolation from dose uptake in femur to the whole skeleton has been done making supposition that the mass of Wistar rat's skeleton is approximately 10% of the whole body-mass (personal data). Thus, skeleton uptake = average bone uptake (in % ID/g) x 10% of the body weight. The animal experiments were approved by The IVth Local Animal Ethics Committee in Warsaw, and were carried out in accordance with the principles of good laboratory practice.   2.4.  Preliminary clinical investigations of 99mTc-EDTMP radiopharmaceutical The whole body gamma camera images were obtained for two volunteers (male, ca. 40 years old, weighing ca. 70 kg) who were not involved in neoplastic diseases. One patient suffered from ankylosing spondylitis (HLA-B27 possitive) with occuring peripheral arthritis, and a painful inflammatory activity located in spin, fingers, toes, and the elbow. The man has been treated with salazosulfapyridinum (Sulfasalazine) and non-steroidal anti-inflamatory drugs (NSAIDs) for ca. one year.  Whole-body skeletal imaging was started 30 min following intravenous injection of ca 740 MBq (20 mCi) of 99mTc-EDTMP. Aquisition of a pair of anterior and posterior views were done every 30 min up to 240 min p.i.v. The study has been performed using two-head gamma camera system (Siemens Co.) supplied with a low-energy and high-resolution collimator. Informed consent was obtained from the volunteers and the protocol was approved by the Ethics Commitee of The Child Health Memorial Institute.  3. Results and Discussion  3.1. Radiochemistry Following the procedure for preparation of the EDTMP radiopharmaceuticals from the kit, i.e. 30 min incubation with continuous mixing at room temperature, an efficient radiolabelling yield (99.24 ± 0.94%) has been achieved for the three batches examined while using lutetium-177 of specific activity not lower than 1 GBq/mg and activity up to 7.4 GBq in 2 ml volume. For this radiolabelling reaction, pH was the essential parameter. Therefore, pH of the radionuclide solution introduced into lyophilised EDTMP should not be lower than ca. 5 to give the final pH above ca. 6.5. This could be achieved following the described method for the irradiated target handling. A very good radiochemical purity was observed for 177Lu-EDTMP preparations during the storage at room temperature, and it was usually better if a higher specific activity of 
177Lu was used (Fig.1). In our studies, radiochemical purity of 177Lu-EDTMP preparations stored within 24 h was usually higher then 98%, even if lutetium-177 of low specific activity (ca. 1 GBq/mg Lu) was used. Due to sufficient content of ascorbic acid (2.0 mg) and stannous chloride (0.2 mg), an efficient radiolabelling yields (99.63 ± 0.34%), likewise stability (Fig.1) of 99mTc-EDTMP preparations were observed using technetium-99m of activity up to 10 GBq in maximal volume of 5 ml per kit.  
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 Fig. 1. Stability of the 99mTc-EDTMP (CAct. 4.8-6.5 GBq/5ml) and 177Lu-EDTMP (CAct. 4.5 GBq/2ml) preparations during storage at 20-25oC.   3.2. Biodistribution studies in rats Biodistribution studies in normal Wistar rats revealed similar skeleton uptake likewise low soft tissue concentration of 177Lu-EDTMP radiopharmaceutical prepared from the three tested production batches of EDTMP kit. Additionally, there have not been observed any significant differences in pharmacokinetics of radiopharmaceuticals obtained using 177Lu of different specific activity (1 – 60 GBq/mg of Lu). Table 1 presents the exemplary biodistribution data (90 min p.i.v.) for 177Lu-EDTMP radiopharmaceuticals prepared from the kit batch no. D/01 and lutetium-177 of specific activity in the range 1 - 2 GBq/mg. The studies have been performed immediately after the radiopharmaceuticals preparation from the kit, just after releasing the batch, and after 6 months storage at 2-8oC. Additionally, for evaluation of radiopharmaceutical stability, biodistribution in rats were done after formulation and following the storage of the "reconstituted" preparations for 3 and 24 h at room temperature. Generally, non-significant differences of the biodistribution have been observed considering the 6 months period of kit storage (Table 1). Instead, storage of the radioactive preparation for 24 h followed to decrease of the tracer retention in femur, and slightly higher concentration of radioactivity in blood and the soft tissues. This observation supports the expected influence of radiolytical processes induced by beta-radiation on the chelate stability.  It is worth to note that in all comparable biological experiments, the retention of activity 
in femur 90 min p.i.v. was in the range ca. 1.5 to 3.6 %ID (mean 2.68  ± 0.59 %ID, n = 23). The fluctuations depended mostly on the rate of radioactivity excretion with urine, 



147 

and the mass of the animals used.  Comparing biodistribution data obtained for EDTMP radiopharmaceuticals in development or quality assurance processes, both values of activity uptake in the bone (femur, or tibia, etc.) and dose excreted with urine, likewise the mass of the tested animals should be indicated.    Table 1. 90 min p.i.v. biodistribution of 177Lu-EDTMP (batch No. D/01 stored 6 months) stored 5 min, 3 h and 24 h at room temperature after preparation (Wistar rats, male, weighing 203 +/-17 g, %ID/g * BW/200g) 21.02.02   
Data for Kit No. D/01 after production 

Data for Kit No. D/01 stored 6 months after production Organ/Tissue 

Biodistribution 5 min post preparation 
5 min post preparation 3 h post preparation 24 h post preparation 

Blood  0.01 ± 0.00 0.06 ± 0.03 0.11 ± 0.03 0.14 ± 0.05 
Lungs 0.01 ± 0.00 0.05 ± 0.02 0.09 ± 0.01 0.12 ± 0.02 
Liver 0.02 ± 0.00 0.04 ± 0.01 0.08 ± 0.01 0.08 ± 0.02 
Kidneys 0.16 ± 0.03 0.24 ± 0.03 0.36 ± 0.15 0.30 ± 0.06 
Femur 2.77 ± 0.61 2.89 ± 0.24 2.93 ± 0.29 2.14 ± 0.17 
Femur (Normalised) 5.19 ± 0.39 5.26 ± 0.59 5.13 ± 0.33 3.95 ± 0.23 
Muscle 0.02 ± 0.01 0.03 ± 0.02 0.05 ± 0.03 0.04 ± 0.01 
Urine (%ID) 52.37 ± 3.99 44.92 ± 3.33 42.99 ± 2.57 45.82 ± 3.50 
 Table 2. Comparison of the normalised data of the EDTMP chelates accumulation in the rats’ tissue 30 and 90 minutes p.i.v. (percent of accumulated activity in 1g of tissue x BW/200)  

153Sm-EDTMP  (n = 15) 
177Lu-EDTMP   (n = 23) 

99mTc-EDTMP   (n = 9) Tissue 
30 min p.i.v. 90 min p.i.v.  30 min p.i.v. 90 min p.i.v.  30 min p.i.v. 90 min p.i.v.  

 Lungs  0.38 ± 0.11 0.04 ± 0.02  0.20 ± 0.07  0.08 ± 0.06  0.34 ± 0.08  0.10 ± 0.09 
 Liver 0.13 ± 0.05 0.06 ± 0.01  0.10 ± 0.04  0.08 ± 0.06  0.19 ± 0.09  0.10 ± 0.04 
 Kidneys 2.03 ± 1.02 0.42 ± 0.06  1.48 ± 0.69  0.60 ± 0.23  3.68 ± 1.01  2.99 ± 1.62 
 Femur   3.71 ± 0.11 5.52 ± 0.63  4.15 ± 0.50 5.32 ± 0.55  3.89 ± 0.46  4.77 ± 0.34 
 The comparative biodistribution studies of 177Lu- and 99mTc-EDTMP chelates prepared from the instant kit (Tab. 2) revealed similar tissue uptake and clearance to those observed for the pre-formulated 153Sm-EDTMP radiopharmaceutical contaning 35 mg of the ligand and 153SmCl3 of spec. act. 35 GBq/mg Sm [20]. Almost identical values of the uptake in liver and other soft tissues, likewise similarly high bone deposition were observed for both 177Lu- and 153Sm-EDTMP chelates preparations. Therefore, it is worth to note that the two-fold lower content of the ligand (15 mg EDTMP) in 177Lu-EDTMP 
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preparation compering to the 153Sm-EDTMP (35 mg) has not disturbed the demanded pharmacokinetics. Table 2 shows that the concentration of the radio-chelates in kidney was the most significant difference observed. In the case of 99mTc-EDTMP, the kideney uptake was ca. 5 times higher (90 min p.i.v.) than after 153Sm- or 177Lu-EDTMP administration. Contrary to chelates of EDTMP with radio-lanthanides, which are known to be internalised by growing bone [27], technetium-99m is only transiently bridged to the bone surface via EDTMP.   3.3. Clinical evaluation of 99mTc-EDTMP radiopharmaceutical Preliminary clinical studies with 99mTc-EDTMP radiopharmaceutical resulted generally in a poor quality of bone imaging. The chelate showed increased uptake in kidneys and soft tissue, which disturbed bone imaging (Fig. 2). None improvement of the bone scans were noted within the time of the studies (from 30 min to 240 min p.i.v) in the both volunteers.  

   Fig. 2.  Whole-body image of 99mTc-EDTMP distribution from a male volunteer with inflammatory process within foots (2 h p.i.)  EDTMP is a potent chelating agent that forms 1:1 complexes. Thus, it seems that rigid structure of the 99mTc-EDTMP results in lower accessibility of oxygen atoms from the phosphonic groups for an efficient bridging of the molecule into the mineral surface of mature bone. However, it should be noted that at least one positive clinical observation was an increased uptake of 99mTc-EDTMP tracer in the painful osteoblastic lesion in the volunteer with recognised spondyloarthropathy. The inflammation regions located mainly 
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in lower limb are well demonstrated on whole-body images performed 2 h p.i.v. administration of 99mTc-EDTMP (Fig. 2). 153Sm-EDTMP is known to concentrate in areas of osteoblastic activity in ankylosing spondylitis, Paget's disease and rheumatoid arthritis. Furthemore, apart from palliative value, this radio-chelate has disease-modifying potential especially in ankylosing spondylitis and Paget's disease [28]. Therefore, considering a high uptake of EDTMP and its chelates in the areas of increased osteogenic activity, likewise their presumable internalisation within ossification foci, the potential clinical value of 99mTc-EDTMP may not be univocally ruled out.  
Conclusions Our results demonstrate that the developed EDTMP freeze-dried kit can be flexibly utilised for preparation of bone-seeking radiopharmaceuticals i.e. 177Lu-EDTMP or 
153Sm-EDTMP, and 99mTc-EDTMP, and we expect it can be also used for chelation of other “medical” radio-lanthanides. The kit composition ensures one-step preparation of radiopharmaceuticals of high radiochemical purity and stability. The biodistribution studies of 177Lu-EDTMP prepared from the kit revealed similar tissue uptake and clearance to those observed after 153Sm-EDTMP administration. Thus, due to suitable nuclear characteristic, likewise because of the economical aspects, lutetium-177 appears to be the radionuclide of choice for palliative therapy of bone metastasis [2,13-15,23]. However, for providing therapeutic irradiation effectivenes of 177Lu-EDTMP radiopharmaceutical for pain palliation of osteoblastic bone metastases, further trials to determine optimal dose, treatment scheduling, long-term disease-modifying potential and toxicity are needed. Based on preliminary clinical evaluation, it seems that 99mTc-EDTMP complex possesses limited value for bone scintigraphy, however application of 99mTc-EDTMP for specific diagnostic purposes e.g. bone metastases or ossification processes in inflamatory spondyloarthropathy may be still considered.   
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Production of high specific activity 177Lu in the SM high-flux reactor    Yu.G.Toporov, V.A.Tarasov, O.I.Andreyev, E.A.Zotov, V.D.Gavrilov, V.N.Kupriyanov, A.L.Semenov, R.A.Kuznetsov  Resarch Institute of Atomic Reactors, Dimitrovgrad-10, 433510, Russian Federation  
Abstract. Two ways of HAS Lutetium-177 production based on neutron irradiation of isotopically enriched 175Lu and 176Yb are analysed based on computer simulations. Irradiation of 175Lu (so called “direct” way) can be implemented in various reactors, both, low- and high-flux. Depending on time of irradiation specific activity of 177Lu can be as high as 76,000 Ci/g for the neutron flux density 2.1015 cm-2s-1. Target material (175Lu) burns out very quickly, so maximum yield of 176Lu is achieved earlier than its maximum specific activity. Irradiation of isotopically enriched 176Yb (“indirect” way) produces specific acivity close to theoretical value of 110.000 Ci/g. To ensure this value this approaches requires the target material contains no impurity of Lutetium and content of impurity of 
174Yb much lower than 1%. Another disadvantage of the “indirect” way is a lower yield of 176Lu (200 Ci/g for the high flux reactors SM or HFIR) and the necessity of radiochemical repsocessing of irradiated targets, providing highly efficient separation of 
176Lu from target ytterbium. Experiments carried out by RIAR have proved correctness of theoretical estimates made for “indirect” way.  To produce 177Lu (Т1/2= 6,734 days) of high specific activity two approaches can be used: irradiation of target containing 176Lu by neutrons of nuclear reactor; irradiation of target containing 176Yb by neutrons of nuclear reactor.  Fig. 1 presents chain of nuclides transformations while irradiation of Lutetium and Ytterbium with neutrons. Table 1 presents nuclear-physical constants of the principal nuclides of the production chains.  It should be mentioned that the absence of reliable data on neutron cross-sections for many nuclides (mainly, with short half-life) has no effect on the correctness of the theoretical analysis of the accumulation schemes, since in this case the neutron activation rate is too low as compared to that of radioactive decay. The nuclide transmutation calculations were performed using a set of programs ORIP_XXI[1, 2]. These programs include an electronic database of NKE nuclear-physical data, program for automatic finding of nuclide formation chains and program ChainSlover for calculation of the nuclide formation kinetics. At present, these programs are widely used at SSC RIAR to solve practical problems related to production of reactor radionuclides. Production of 177Lu from 176Lu  Figures 2 and 3 present calulation results of 177Lu production from 176Lu for different values of thermal neutron flux density. These calculations considered variations of 
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thermal neutron flux density only. The spectrum hardness, i.e. ratio of epithermal neutrons to thermal ones, was taken as stable and equal to (0.1). Finding of spectral dependencies of the 177Lu accumulation data did not considered in this work.    
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 FIG. 6. 177Lu production chain  Table 8. Nuclear-physical constants of 177Lu accumulation chain nuclides 
Nuclide Half-life, Т1/2 Thermal cross-section, σ , barn Resonance integral, I∞, barn 
175Lu Stable 6,9→176Lu; 

16,2→176mLu 
610→176Lu ; 
550→176mLu 

176mLu 3,664 hours ? ? 
176Lu 3,73×1010 years 1780→177Lu; 

317→177mLu 
1087→177Lu; 
4,7→177mLu 

177mLu 160,4 days ? ? 
177Lu 6,734 days ? ? 
174Yb Stable 69,4 27 
175Yb 4,185 days ? ? 
176Yb Stable 2,85 6,3 
177Yb 1,911 hours ? ? 

? – no reliable data 
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 FIG. 8. Dependence of 177Lu (Аsp) max specific activity and time of its achievement versus thermal neutron flux density (irradiation of 176Lu). Numbers – duration of irradiation (days), required to reach corresponding max yield or specific activity   As it is expected, the maximum 177Lu specific activity is proportional to the thermal neutron flux density and is achieved rather quickly. During 176Lu irradiation in flux 
2×1015 cm-2 s-1 maximum value of specific activity equal to 76,000 Ci/g is achieved within 10 days. This value makes up about 70% of the theoretical specific activity of 
177Lu (∼110,000 Ci/g). Apparently, this value is the upper limit in the “direct way of 
177Lu production. Data presented in Fig.2 are not enough to estimate the efficiency of the 177Lu production. During irradiation, lutetium burns up very intensively, that is why the maximum of 177Lu yield (activity per gram of the irradiated material) is achieved earlier than the specific activity maximum and it is significantly lower. Specific activity and yield of 177Lu calculated with and without burn-up of target nuclei are show in Fig.3. Numbers next to curves present irradiation time (in days) necessary to achieve plotted values of SA and yield   One more factor that determines the 177Lu preparation quality (along with the specific activity) is the relative content of long-lived 177mLu isomer. It can be seen from fig.4 that the relation of 177mLu/177Lu activities changes from 0.03 to 0.01 in the considered range 
of the thermal neutron fluxes of 1×1014÷2×1015 cm-2 s-1. The data are given for the moment of the achievement of the Lu maximum specific activity. Further irradiation leads to a sharp increase of the 177mLu portion.   
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 FIG. 9. Dependence of 177mLu/177Lu activity relation versus the irradiation time of 176Lu for different values of the thermal neutron flux density (F)   Production of 177Lu from 176Yb In “ideal” case of “indirect” way of 177Lu production from 176Yb, only one lutetium isotope should be produced during irradiation. Therefore, in neutron fluxes of any intensity we can obtain 177Lu with the theoretical specific activity (~ 110000Ci/g of Lu) In this case, another accumulation parameter – the yield of 177Lu - is of greater interest that characterizes the efficiency of the considered approach. Fig.6 presents the time dependence of the 177Lu yield (Ci per gram of starting 176Yb) for different values of the thermal neutron flux density.  
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 FIG. 10. 177Lu yield versus the 176Yb irradiation time for different values of the thermal neutron flux density  As compared to the dependancies presented in Fig.2, the yield of 177Lu (Fig.5) does not have sharp maximum in the considered range of the irradiation duration change. It allows the irradiation time to be changed without considerable loss in the 177Lu yield. This better fits to actual reactor operation schedulle that can be “not ideal” for production of short-lived radionuclides.  Tentative conclusions Let us make some tentative conclusions about the effectiveness of the 177Lu production ways: 
Both approaches 176Lu→177Lu and 176Yb→177Lu are of high efficiency. Up to 55,000 Ci of 177Lu can be produced from one gram of 176Yb; 
177Lu having specific activity close to theoretical one of 110,000 Ci/g can be produced in any, even low-flux, reactors; “Direct” way allows for acheiving of significantly lower specific activity of 177Lu, which is proportional to neutron flux density. If 20,000 Ci/g is acceptable value for 177Lu medical application [2], this product quality can be provided in a reactor with neutron 
flux density ~ 1,8×1014 cm-2s-1. Considering decay of 177Lu during processing, cetification, shipping and storage before use, required thermal neutron flux density should 
be in the range 3÷4×1014 cm-2s-1; In the “direct” way a “harmful” long-lived 177Lu appears inevitably, its activity can be as high as 3%; 
177Lu produced by the “direct” way, does not require complicated post-irradiation procedures. Whereas, the “indirect” way supposes effective separation of ytterbium and lutetium 
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Target 176Yb can be recycled. Taking into account all advantages and disadvantages of both approaches, we consider the “indirect” way of 177Lu production the preferable one in case of high-flux reactor. It allows production of 177Lu preparation with maximum specific activity. Besides, it can be implemented on the basis of any reactor (if high efficiency is not required). Due to the necessary chemical reprocessing, this approach is more expensive, but the ratio of prices of enriched 176Lu and 176Yb should be a determining factor.  The presence of stable 174Yb isotope in the target material is important for the 177Lu specific activity. The 174Yb generates stable lutetium isotopes by the reaction 
174Yb(n, γ)175Yb(β- )175Lu(n, γ)176Lu Moreover, the short-lived 175Yb (Т1/2= 4,18 days) generates stable 175Lu even after irradiation (till the moment of chemical separation of lutetium and ytterbium). Fig.6 presents the time dependences of the 177Lu specific activity for different compositions of the target mixture of ytterbium isotopes.  
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 FIG. 11. Dependence of the 177Lu specific activity versus the irradiation time and post-
irradiation cooling time (irradiation of 174Yb and 176Yb mixture in neutron flux F= 2×1015 cm-2 s-1) figures near the curves –174Yb content in the mixture, mass.% Radiochemical technology for lutetium separation from ytterbium  To produce HSA 177Lu content of the ytterbium impurity should be less than 1% relative to the 177Lu mass, the ytterbium separation should be performed with the purification coefficient of no less than 105. Based on known paper of Novgorodov et al [3] we have developed the radiochemical procedure for irradiated ytterbium targets reprocessing that includes the following steps: 1) separation of bulk ytterbium by the electrochemical technique; 
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2) fine purification of 177Lu from ytterbium by ion-exchange and extraction-chromatographic methods;  3) refining of 177Lu by the cation and anion exchange methods.  We apply the radiochemical procedures that provide for higher coefficients of the target nuclide purification than the required ones. Thus, the 177Lu purification coefficient was more than 1х107 after the electrochemical and cation exchange procedures. The loss of the target nuclide (about 15%) were determined by the cation exchange separation. Thus, the extraction-chromatographic method was not necessary in the radiochemical process and we use it for analytical purposes, i.e. extraction of the ytterbium impurity and determination of Yb residual content in the 177Lu preparation.   It is known that the 177Lu radioactive decay leads to the accumulation of the stable 177Hf isotope. There are no special requirements limiting the hafnium content in the 177Lu preparation, but we tried to develop procedure to remove it from the final product. As a result of our study it was stated that micro-grams of hafnium can be separated from lutetium by both cation exchanging and extraction-chromatographic methods. The 
coefficient of the cation-exchange purification of 177Lu in the α-OIBA solutions is not very high (about 20) due to significant diffusion of the back edge of the hafnium elution. The effectiveness of the extraction-chromatographic method is significantly higher: hafnium is extracted quantitatively by D2EHPA even from the concentrated nitric acid and less than 1% of hafnium elutes together with lutetium in the solution of 3-4mol/l of HNO3. Hafnium absorbed by the cation can be converted into the solution by a long-term washing of the column with concentrated nitric or hydrochloric acid. Trial production of 177Lu by irradiation of ytterbium Irradiation of ytterbium in the SM reactor  Ytterbium oxide enriched in the 176Yb isotope was used for irradiation. The isotopic composition of the target material is presented below. 

Isotope mass 168 170 171 172 173 174 176 
Atomic portion, % < 0.01 0.12±0.01 0.58±0.03 0.91±0.01 0.78±0.02 2.47±0.03 95.15±0.05 
 Content of the majority of non-radioactive impurities in the initial material did not exceed n.10-3 % except for the lutetium impurity, of which content made up 0.1% according to the producer’s data. The direct usage of this preparation as a target material could lead to a significant decrease in the specific activity of 177Lu. Due to this, a sample of the preparation was subjected to ion-exchange purification from lutetium that provided the decrease of the lutetium impurity content down to the level of other non-radioactive impurities.   Ytterbium-176 oxide samples purified from the lutetium impurity were packed in a quartz capsule filled with helium. The capsule was located in the sealed reactor target made of titanium. Targets were irradiated in one of the peripherial cells of the central neutron trap of the SM reactor. Parameters of neutron field in the position were as follows: thermal 
neutron flux density F = 1,65×1015 cm-2 s-1; epithermal neutron flux density - F= 
1,16×1014 cm-2 s-1; neutron gas temperature - 475 К.  
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Figures 7 and 8 present results of calculated and experimental parameters of 177Lu produciton for 3 experimental runs.  
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Conclusions Preliminary calculations demonstrate that irradiation of 175Lu (“direct” way) can be implemented in various reactors, both, low- and high-flux. Depending on time of irradiation specific activity of 177Lu can be as high as 76,000 Ci/g for the neutron flux density 2.1015 cm-2s-1. Target material (175Lu) burns out very quickly, so maximum yield of 176Lu is achieved earlier than its maximum specific activity. Irradiation of isotopically enriched 176Yb (“inderect” way) produces specific acivity close to theoretical value of 110.000 Ci/g. To ensure this value it is required the target material contains no impurity of Lutetium and content of impurity of 174Yb should be lower than 1%. Disadvantages of “inderect” way are lower yield of 176Lu (200 Ci/g for the high flux reactors SM or HFIR) and necessity of radiochemical repsocessing of irradiated targets, providing highly efficient separation of 176Lu from target ytterbium. The choice between “direct” and “indirect” ways should be based on additional investigations considering technical and economical aspects.  
References [1] Vakhetov F.Z., Romanov E.G., Tarasov V.A. A set of programs for nuclide transmutation calculations. SSC RIAR Proceedings, Edition 3, Dimitrovgrad 2003, P.53-57 [2] ORIP-XXI: Computer Programs for Isotope Transmutation Simulations. http://www-rsicc.ornl.gov/codes/ccc/ccc7/ccc-731.html [3] M.R.A.Pillai, Sudipta Chakraborty, Tapas Das, et al. Production logistics of 177Lu for radionuclide therapy. //Applied Radiation and Isotopes, 59, p.109-118, 2003  [4] N.A.Lebedev, A.F.Novgorodov, R.Misiak, J.Brockmann, F.Rosch. Radiochemical 

separation of no-carrier added 177Lu as produced via the 176Yb(n,γ)177Yb � 177Lu process.// Applied Radiation and Isotopes, 53, 421-425, 2000  
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DEVELOPMENT OF THERAPEUTIC RADIOPHARMACEUTICALS 
LABELLED WITH LUTETIUM-177  Henia Balter, Patricia Oliver, Ana Robles, Pablo Cabral, Graciela Rodriguez, Victoria Trindade Department of Radiopharmacy, Nuclear Research Center, Faculty of Sciences, University of the Republic, Uruguay  
Abstract.  Radiopharmaceuticals of therapeutic application are a promising research field for treatment of cancer diseases. It is both easy and well tolerated by patients. It does not involve high cost machines and higher doses are capable to be administered at critical organs.   The development of highly specific radiopharmaceuticals are the key for future growth of Nuclear Medicine. Many investigators around the world are making great progress in the development of labelled peptides, antibody fragments, new labelling techniques to accomplish new challenges, new radionuclides of binding capacities to several organic molecules, new production methods for easily obtain radionuclides in the application site. Radionuclides, precursors, intermediates for conjugation, quality controls, preclinical studies as well as regulation for the safe application of these radiopharmaceuticals are among the chapters to be accomplished by any new candidate for TR. The selection of radionuclide for targeted therapy depends on availability in high radionuclidic purity as well as high specific activity and on low production cost and comfortable delivery logistics. 177Lu is one of the isotopes emerging as a clear choice for therapy.   The overall objective of the CRP is to generate know how and expertise in the preparation of therapeutic radiopharmaceuticals with 177Lu.  We expect to generate know how and expertise in our laboratory and to share it with the other participating laboratories in the field of preparation of therapeutic radiopharmaceuticals with it 177Lu. Also we expect to be able to offer to these products to the Nuclear Medicine Center for its clinical evaluation and application in patients with cancer.  INTRODUCTION  Radionuclide therapy (RNT) employing radiopharmaceuticals labeled with β-emitting radionuclides is fast emerging as an important part of nuclear medicine. Development of sophisticated molecular carriers and the availability of radionuclides in high purity and adequate specific activity are contributing towards the above successful applications. Radionuclide therapy is effectively utilized for bone pain palliation, thus providing significant improvement in quality of life of patients suffering from pain resulting from bone metastasis. Targeting primary diseases by using specific carrier molecules labeled with radionuclides is also widely investigated and efficacious products have been emerging for the treatment of Lymphoma and Neuroendocrine tumors.  
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In order to ensure the wider use of radiopharmaceuticals, it is essential to carefully consider the choice of radionuclides that together with the carrier molecules will give suitable pharmacokinetic properties and therapeutic efficacy. The criteria for the selection of a radionuclide for radiotherapy are suitable decay characteristics and amenable chemistry. However, the practical considerations in selecting a radionuclide for targeted therapy are availability in high radionuclidic purity as well as high specific activity and low production cost and comfortable delivery logistics. 177Lu is one of the isotopes emerging as a clear choice for therapy.  Patients suffering from breast, lung and prostate cancer develop metastasis in bone in the advanced stage of their diseases and therapeutic radiopharmaceuticals such as 188Re-HEDP, 53Sm-EDTMP and 89SrCl2, are used effectively for pain palliation due to skeletal metastases. Despite the fact that the above bone pain palliating agents give good clinical results; their wider use has met with practical difficulties. 177Lu produced in the low to medium flux research reactors can be used for bone pain palliation. High specific activity 
177Lu that is prepared in high flux research reactors is needed for radiolabelling antibodies and peptides. The wider availability of 177Lu will make it feasible for the production of therapeutic radiopharmaceuticals with lower cost ensuring higher availability in MS.   The Department of Radiopharmacy of the Nuclear Research Center of the Faculty of Sciences has among its objectives the research and development of radiopharmaceuticals for diagnosis and therapy, as well as the labelling with radionuclides, other than 99mTc (125I, 131I, 188Re, 177Lu). Since 1995 it has been concerned with peptide labelling for peripheral receptor imaging as well as other projects for therapeutic radiopharmaceutical development and application in humans with the approval of Ethics Committee for pain palliation in bone metastases.   Coordinated research programmes involving peptides for somatostatin receptors (RC 8976/RB from 96-99), application of 188Re and 153Sm in the labelling of biomolecules (RC10110/RB from 1998/2001) and Comparative evaluation of therapeutic radiopharmaceuticals (RC 12133) have been done. The results of the project on Efficacy Studies of 188Re-HEDP in various dose levels (CHLCC- 2000-2001) is successfully going on, ARCAL LII on 99mTc labelling of antibody anti-CEA and quality control by physico-chemical, immunological and biological methods was completed succesfully.  OBJECTIVES  The overall objective of the CRP is to generate know how and expertise in the preparation of therapeutic radiopharmaceuticals with 177Lu.   Specific Research Objectives  Development of technologies for the production and QA/QC of bone pain palliating agents using 177Lu and phosphonate ligands Development of a cold kit formulation of EDTMP for radiolabelling with 177Lu for achieving harmonized protocol for the clinical use of a 177Lu-EDTMP as bone pain palliating agent  
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Develop appropriate protocols for QA/QC studies and biological evaluation of these radiopharmaceuticals Development of 177Lu based primary cancer specific radiopharmaceuticals using carrier molecules such as antibodies (antibodies against EGF, PSA, Tenascin and Lymphoma cells) Peptides (Somatostatin analogs, substance-P, bombesin analogs/antagonists)  The first year will be devoted to develop methods for labelling, purification and quality control of therapeutic radiopharmaceuticals (TR) based on different carrier molecules.  The objective includes the synthesis of labeled molecules and their in vitro characterization (radiochemical analysis, stability and binding studies. According to the results achieved, in vivo characterization will be studied in order to establish their biodistribution, metabolism and toxicity.  We expect to generate know how and expertise in our laboratory and to share it with the other participating laboratories in the field of preparation of therapeutic radiopharmaceuticals with it 177Lu. Also we expect to be able to offer to these products to the Nuclear Medicine Center for its clinical evaluation and application in patients with cancer.  EXPERIMENTAL  The current research lines involve different radionuclides as well as molecules, among them the main are:   
188Re-HEDP for bone pain paliation 
188Re-DMSA-V for therapy of medullary thyroid cancer DOTA-TATE labeled with 177Lu, 131I and 125I as reference Anti-CD-20 labelled with 188Re and 131I Other molecules under study are EGFr and Tn structures   Study of different parameters as time, temperature and pH, molar ratios of starting materials was done as well as development of analytical techniques for unequivocal characterization of the identity of the starting materials, intermediate products and finished compounds such as ITLC-SG, HPLC was . Determination of their in vitro stability as well as their interaction with biological systems (protein binding, cell uptake is a main point of interest of our research.  RESULTS  
188Re-HEDP was successfully labelled with a radiochemical purity higher than 99% and showed an in-vivo uptake similar to 99mTc-HEDP, with a fast clearance within the first 6 hours (70%) and   high variability in bone uptake. Blood clearance profiles were also similar to those reported for 99mTc-HEDP, except for long times where higher values were determined for 188Re-HEDP (5% of injected dose after 12 hrs post-administration). 
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The clinical results included evaluation of radiopharmaceutical toxicity that could be evidenced by the variation in haematological parameters (platelet, white and red blood cell count) and changes in pain and drug intake. All of these were measurable parameters, except changes in pain which were subjectively appreciated by the patients themselves. The chosen approach of self-assessment by a conventional scale was adequate, providing a good understanding of the situations by the patients. 
188Re-HEDP can be safely administered in the conditions of the protocol. More than 70% of the patients reported an improved quality of life in terms of pain relief, reduction of analgesic intake and/or daily activity.   DOTA-TATE labelled with radioiodine as well as with 177Lu was obtained with very high yield (>95%) even prior purification. The two radiochemical species evidenced for 125I-DOTA-TATE by RP-HPLC could be interpreted as mono and diiodinated species. Their retention times are slightly higher than the intact unlabelled peptide, allowing the preparation of a labelled molecule with high specific activity.  
131I-DOTA-TATE was obtained with high yield (>90%) prior purification with one of the different experimental conditions studied (91.3µg of CT-T and 3.286MBq/µg activity peptide ratio).  The binding of radioiodinated DOTA-TATE to viable AR42J cells increased along the time of incubation reaching 4.7±0.9% (n=8) while for 177Lu-DOTA-TATE was 5.1±2.0% (n=4), at 4 hs. Internalization experiments demonstrated that the radioconjugate penetrates into the cells reaching 73±14% (n=10), 32±9% (n=3) and 62±18 (n=6) of the total bound activity in 3-4 hours for the peptide labelled with 125I, 131I and 177Lu respectively Biodistribution in normal mice showed a different pattern when labelling with radioiodide and radiolantanide. These findings open the possibility of the use of cocktails of DOTA-TATE labelled with different radionuclides in order to minimize the radiation dose to organs not compromised with the tumor.  Ammonium acetate buffer and gentisic acid were used to provide optimal pH conditions and protection against radiolysis in the labellings with 177Lu.  Purification by HPLC and further Sep-pak allow the obtention of the peptides with very high specific activity, theoretically 10 Ci/mg (aprox. 2x107 Ci/mol), as the retention time of unlabelled peptides differs significantly from the respective labeled ones.  The labelling of anti-CD20 with 131I and 188Re gave reliable results by simple and efficient methodologies yielding products compatible with clinical radioimmunotherapy. Specific binding of 131I-anti-CD20 to membrane antigens increased as function of membrane concentration and reached 20.2±0.5 % for a total protein content of 16.5mg/mL. Maximum binding capacity was 15±2% (n=3). Inhibition of binding to membranes (4mg/mL) was 67.2±1% when 290µg (5.22µM) of unlabelled anti-CD20 was added (IC50=12.7nM). Specific binding of 188Re-anti-CD20 to membranes reached 46±1% for a protein content of 33mg/mL. Maximum binding capacity was 17±2% (n=3). Inhibition of binding to membranes (1mg/mL) was 66±5% when 12.6µM (700µg) of unlabelled anti-CD20 was added (IC50=13.3 nM). 
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Both tracers gave high affinity towards antigen from membranes, with better results in the case of 188Re due to its higher specific activity. The use of membranes obtained from leucocytes, stable at -80ºC for more than 6 months, instead of concentrated short lived leucocytes, has shown an excellent reproducibility and therefore they are convenient for control methods at production centers not near blood banks.   Stakeholders  Other departments of the CIN are free to offer radioprotection and film dosimetry, electronic instrumentation and computer assistance. Also Nuclear Medicine Center of Faculty of Medicine is capable of holding activities in their gamma-cammeras and SPECT under coordination.  PUBLICATIONS OF TERAPEUTIC RADIOPHARMACEUTICALS MADE BY THE GROUP  COMPLETE PAPERS   Balter, H.; Oliver, P.; Robles, A.; Berois, N.; Nappa, A.; Cabral, P.; López, A.; Rodríguez, G.; Verdera,S.; Radiolabelled DOTA-TATE: its evaluation for targeted radiotherapy, Alasbimn J.,2005; 8(30), http://www2.alasbimnjournal.cl/alasbimn/CDA/sec_b/0,1206,SCID%253D15275,00.html  Pablo Cabral; Eduardo Savio, Aline Katz; Daniel Blanco; Obtencion de parches marcados para tratamiento de cancer no melanoma, 2005, Revista de la AQFU, 42, 19-21.  Cabral, P.; Master Thesis: Brachytherapy with 188Re associated to angioplasthy – Optimization of risk/benefit ratio, directors  Dr. Eduardo Savio, Univeristy of the Republic, Uruguay and Dr. Aldo Badano (FDA, USA.)      Balter, H. Oliver, P. Robles, A. Berois, N. Nappa, A. Cabral, P. López, A. Rodríguez, G. Lanzzeri S. Verdera, S.; DOTA-TATE a promising somatostatin derivative for targeted radiotherapy; NucMediEx, 1 de agosto de 2004 http://www.nucmediex.net/topic.asp?id=19.  Balter, H.; Verdera, S.; Rodríguez, G.; Oliver, P.; Souto, B.; Mallo, L.; Robles, L.; Labelling and control of biomolecules with 188Re and 153Sm. In Labelling techniques of biomolecules for targeted radiotherapy, IAEA-TECDOC-1359, 2003.  Verdera, S.; Balter, H.; Rodríguez, G.; Oliver, P.; Souto, B.; López, A.; Goncalvez, Z; Labelling and quality control of 188Re-Lanreotide, Cell and Molec. Biol., 2002, 48, 741-745.   
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Development of Therapeutic Radiopharmaceuticals Based on 177Lu for 
Radionuclide Therapy  University of Missouri Research Reactor (MURR) Center, USA  
Introduction In operation since October 1966, the MU Research Reactor is the largest and highest power research reactor at a US university.  The Center’s fundamental mission is to provide quality nuclear research, education and services to the University, to the state of Missouri and to the global population.    MURR is outstanding in its breadth of programs, steady source of neutrons for research and industrial applications and safe and reliable operations.  The focus is on interdisciplinary R&D programs, centered largely in partnering MU departments, other universities, federal and industrial labs—programs that could not be conducted without the unique MURR facilities and personnel.  The Center thus provides leverage for the expertise and talents resident in other departments and institutions, and a high priority is given to collaborative research programs in the life sciences, particularly those with potential to lead to breakthroughs in healthcare.  The MURR Center supports the research of hundreds of faculty and students in dozens of disciplines and provides products and services that directly benefit the citizens of Missouri, as well as others throughout the world.    MURR’s focus on interdisciplinary R&D contributes to MU’s educational mission, providing rich research and training opportunities for an international population of graduate and undergraduate students.  MURR-based projects cover such disciplines as anthropology and archaeology, chemistry, engineering (chemical, electrical, mechanical and nuclear), geology, materials science, medical and life sciences (including cancer diagnostics, treatment and prevention), nutrition, physics and veterinary medicine.  In 2003, MURR supported the research of some 200 faculty and graduate students representing nearly 70 departments at more than 65 academic, federal and industrial labs.  In 2003 students conducting thesis research at MURR earned eight doctoral, 10 master’s and two bachelor’s degrees, and an additional 60 doctoral, 11 master’s and 14 bachelor’s degree candidates from 20 universities conducted research at MURR relating to their course work.    MURR is a vital component of two recently established institutes at MU, the Nuclear Science and Engineering Institute (NSEI) and the Radiopharmaceutical Sciences Institute (RSI).  Both of these institutes involve partnering to share key resources, programmatic interests and goals to provide innovative solutions that address real-life scenarios.    
Radiopharmaceutical Research and Development 
 The University has the distinction of being the only university in the world to have brought three radiopharmaceuticals to the market, all of which are FDA-approved.  MURR Center researchers and their collaborators developed, patented and 
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commercialized Quadramet®, a therapeutic radiopharmaceutical designed to relieve the pain associated with metastatic bone cancer; Ceretec™, the first radiopharmaceutical to image the brain effectively, used for the diagnosis and assessment of stroke victims, and more recently for diagnosing infections throughout the body by radiolabelling white cell; and TheraSphere™ for the treatment of primary liver cancer.  MU is poised to play a significant role in the development of new medical technologies and direct a national cancer research initiative with its unique collection of resources:  the MURR Center; the School of Medicine, University Hospital and Clinics, Ellis Fischel Cancer Hospital; the College of Veterinary Medicine; the College of Agriculture, Food and Natural Resources; and neighboring Harry S Truman Veterans Administration Hospital.    
Service Operations 
 The MURR Center is this nation’s sole provider of certain products and services that directly result in treatments to cancer patients.  Over the past few years MURR has built from scratch an FDA-compliant cGMP (current Good Manufacturing Practices) program to bring pharmaceutical grade radiochemicals and drug products to its roster of products and services.  The short half-lives of these therapeutic isotopes demand reliable, weekly delivery.  If MURR were to fail to provide these weekly shipments, cancer patients across the nation—and even across the ocean—would not receive their treatment that week.  MURR Center staff view their societal obligations seriously and derive tremendous satisfaction from helping cancer patients and supporting the ongoing research that improves treatment options even further.  
Research Objectives and Anticipated Outcomes  Identify the best targets for use at each participating reactor facility based on neutron flux and operating schedule, evaluating parameters such as required isotopic enrichment, chemical form and irradiation time.  Then use these targets to produce 177Lu with appropriate specific activity and provide it to participating centers for the development of 
177Lu radiopharmaceuticals.  Identify production methods and protocols—including QA/QC and kits—that enable the reproducible formulation of 177Lu phosphonates of appropriate quality for evaluation as bone pain palliation agents in both preclinical and clinical studies.  These methods and formulations will be used for studies conducted at participating centers to evaluate these radiopharmaceuticals as treatments for the pain associated with metastatic bone cancer.  Label cancer specific receptor targeting agents with 177Lu without adversely affecting the cancer specific targeting of these agents.  Then evaluate these agents in preclinical and clinical trials to identify radiopharmaceuticals for the treatment of various cancers.  Label lipiodol/particles with 177Lu for testing and evaluation as a radiotherapeutic agent for the treatment of HCC.    



173 

Work Plan 
 Year 1: MU Research Reactor (MURR) will produce and provide 177Lu to CCHEN and other participating centers in Latin America for labeling and preclinical trials with phosphonates for bone cancer.  MURR scientists will provide expertise to develop targets, irradiation protocols and processing methods for CCHEN and other reactors to produce 177Lu.  MURR will work with others to develop 177Lu phosphonate formulations and kits for use in preclinical and clinical studies.  MURR and MU scientists will evaluate 177Lu phosphonates in normal and tumor bearing canines.  Identify most promising 177Lu phosphonate formulation(s) for human clinical trials.  Year 2: Develop kits, production methods and QC methods for preparation of 177Lu phosphonate(s) to meet requirements (cGMP) for human clinical trials.  MURR will produce and provide 177Lu and 177Lu phosphonates for clinical trials.  MURR will produce and provide 177Lu to CCHEN and other participating centers for labeling and preclinical trials with receptor targeting agents and lipiodol.  MURR scientists will provide expertise to develop targets, irradiation protocols and processing methods for CCHEN and other reactors to produce 177Lu.  Year 3: MURR will produce and provide 177Lu and 177Lu phosphonates for clinical trials.  MURR will produce and provide clinical grade 177Lu to CCHEN and other participating centers for labeling and preclinical and clinical trials with receptor targeting agents and lipiodol.  MURR scientists will provide expertise to develop targets, irradiation protocols and processing methods for CCHEN and other reactors to produce 177Lu.   
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Summary of Proposed Research 
 Develop technology for the production and processing of 177Lu at research reactors, including the University of Missouri Research Reactor and the Chilean Nuclear Energy Commission (CCHEN) research reactor in Santiago Chile.  Develop the technology for the production, quality assurance (QA) and quality control (QC) of Lu-177 phosphonate ligands for evaluation as treatments for the pain associated with metastatic bone cancer.  Develop cold kits for the formulation of 177Lu phosphonates (e.g., EDTMP and DOTMP) for use in harmonized clinical and preclinical trials.  Develop appropriate protocols for the QC and biological evaluation of 177Lu radiopharmaceuticals being tested.  Develop other 177Lu based radiopharmaceuticals using cancer specific receptor targeting agents such as antibodies and peptides.  Develop 177Lu - Lipiodol for the treatment of hepato-cellular carcinoma (HCC).   
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AGENDA 
 
Monday, 4 December 2006 
 

09:30  Opening of the RCM: N.Ramamoorthy, Director, Division of 
Physical and Chemical Sciences 

   Remarks: M.Haji Saeid, Head, Industrial Applications and Chemistry 
     Section 

Objectives of the CRP: M.R.A. Pillai, Scientific Secretary 
Election of Chairman  

   Adoption of the Programme 
Administrative Aspects 

 
10:00-12:30  SESSION I: PARTICIPANTS' REPORTS  

• Mr. J. Crudo, Argentina 
• Ms.E. von Guggenberg ,Austria  
• Ms. E. Bortoletti Araujo, Brazil 
• Ms. M. Chandia Castillo,Chile 

 
12:30-14:00  Lunch 
 
14:00-16:30  SESSION II:  PARTICIPANTS' REPORTS 

• Mr. L.Zhifu, China 
• Mr. R. Leyva Montana,  Cuba 
• Mr. F. Melichar, Czech Republic 
• Mr. G. Janoki,  Hungary 
• Ms. S. Banerjee, India  
 

16:30-17:30  Discussion 
 

(The participants are requested to prepare their presentation highlighting the work program 
planned in their laboratory within the objectives of the CRP. A brief review of the work 
related to the CRP already carried out will be useful, if applicable. Give information about the 
existing isotope production capabilities. The participants are requested to bring the name, 
address of two/three potential clinical collaborators who are willing to use the products 
developed under the CRP. 
 

A report is to be brought in an electronic form along with 18 hard copies for 
distribution among the participants. These reports may consist of 5 to 8 typed pages including 
tables and figures and should follow the format required for the preparation of an IAEA 
TECDOC [as already informed]. Each participant may present in approximately 30 minutes 
the research proposals under the CRP.)  
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Tuesday, 5 December 2006 
 
09:00-12:30  SESSION III:  PARTICIPANTS' REPORTS 

• Mr.  M. Chinol, Italy 
• Mr.  M. Ishfaq, Pakistan  
• Mr. E. Aliaga Rojas,Peru 
• Mr. D. Pawlak, Poland 
 

 
14:00 – 16:30  SESSION IV:  PARTICIPANTS' REPORTS 
 

• Mr. O. Andreev,  Russian Federation  
• Mr. A. Kettring, USA 
• Ms. H. Balter Binsky, Uruguay  

 
16:30 – 17:30  Discussion 

 
Wednesday, 6 December 2006 
 
09:00 - 11:00  SESSION V: Discussion on Production of 177Lu (A. Ketring) 

Direct route 
Specific activity Consideration 
Irradiation parameters 
Identifying groups that will produce 177Lu 
Input to Report 
 

11:30-13:00  SESSION VI: Discussion on 177Lu-EDTMP (R. Mikolajczak)  
   Kit formulation 
   QA/QC 
   Analytical Techniques 
 
14:00- 15:30  SESSION VI: Discussion of 177Lu-Lipiodol (S. Banerjee) 

Development of 177Lu-Lipiodol for the treatment of hepatocellular 
carcinoma (HCC) 
Radiolabelling techniques 
Specific activity considerations 
 

16:00- 17:30 Development of Work Plan 
 
Thursday, 7 December 2006 
 
9:00 11:00  SESSION VIII: (G. Janoki) 

Development of 177Lu based primary cancer specific        
radiopharmaceuticals                 
Carrier molecules such as antibodies  

    (Antibodies against EGF, PSA, Tenascin and Lymphoma cells)  
peptides (Somatostatin analogs, substance-P, bombesin 
analogs/antagonists ) 

 
 Issues 
1. What are the carriers? (EGF, Rituximab, Substance-P, miniGastrin,) 
2. Who  will be involved (Poland, Cuba, Chile, Brazil, India, Uruguay, Italy, Austria, 

Argentina) 
3. Antigen Availability 
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a. EGFR antibody (Italy, India, Uruguay) 
b. Rituximab (Cuba, Brazil, Uruguay, Poland, Argentina) 
c. SubstanceP (Uruguay, Brazil, Italy, Austria, India, Poland, Argentina, China, 

Peru) 
d. Mini gastrin (Austria, Chile, Uruguay, Argentina, Poland) 

4. Chemical Modification of the carrier 
a. DOTA preferably NCS through C backbone, Benzyl-DTPA 
b. DOTA as above 
c. Commercial sourcing of DOTA conjugate 
d. Conjugate will be supplied by Austria 

5. Biological evaluation   
 

11:30 13:00  SESSION IX:  
   Development of Work Plan by Participants 
 
14:00-18:00  SESSION X: DRAFT REPORT 
   Preparation/editing of Individual Country reports 
 
Friday, 8 December 2006 
 
09:00-11:00  SESSION XI:  
   Work plan for the first year 
   Requirements identification  
   Identification of co-operation among the participants 
   Consolidation of the materials to be procured by the Agency  
  
11:30-13:00  SESSION XIII 
   Preparation of the final report  
 
14:00-15:30  SESSION XIV 
   Review of the final report   
   Approval of the final report 
 
16:00   Closure of the meeting 
 
 
 
 

IACS Home page location:  http://www.iaea.org/programmes/ripc/iachem/ 
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