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Technical meeting on ‘Therapeutic Radiopharmaceuticals’  

 
Executive Summary 

 
The TM on ‘Therapeutic radiopharmaceuticals’ was held during 16 to 20 November 2009 at 
the IAEA headquarters in Vienna. The purpose of the TM was to provide an experts’ platform 
to facilitate exploring the current status and future directions on therapeutic 
radiopharmaceuticals.   
 
Topics covered in the Meeting 
 
The invited talks and presentations in the TM were in the following topics:  

• Radionuclide Production   
• Production and availability of alpha emitters and their radiopharmaceuticals 
• Therapeutic radiopharmaceutical chemistry  
• Targets and biological evaluation 
• Medical physics and dosimetry  
• Clinical applications including radioimmunotherapy and clinical needs 
• Peptide receptor mediated therapy   

 
Panel discussions: 

• Radionuclide therapy using alpha emitters 
• Regulatory challenges with therapeutic radiopharmaceuticals 
• International activities in radionuclide therapy 

 

Meeting Statistics  
 
Fifty two participants attended the meeting, of which 27 were from developing countries.   
The participants included nineteen female scientists. Twenty nine participants were partially 
supported by IAEA. Considering the importance of the meeting about 40% of the participants 
attended at no cost to the IAEA. The response to the TM was comparable to the ‘International 
Conference on Therapeutic Applications of Radiopharmaceuticals’ which was the last 
meeting on this topic held by IAEA in 1999 IAEA at Hyderabad, India, in which a similar 
number of external participants attended (50 external participants).   
 
Programme 
 
The meeting comprised both thematic/invited talks and presentation of proffered papers. 
Forty-eight abstracts were accepted for presentation during the meeting. The meeting was 
opened by Dr. N. Ramamoorthy, Director, NAPC and Dr. R. Chhem, Director, NAHU.  The 
first day of the TM was dedicated to presentations and discussion on production of 
radionuclides with invited lecturers from cyclotron centres (Arronax, France) and reactors in 
Russia and Belgium. Additional presentations included coverage on the IAEA activities 
particularly on the development of 90Sr/90Y generator and on 177Lu production. Presentations 
on production of radionuclides from member states followed. The second day of the meeting 
started with a clinical session on novel targeted therapies utilizing pretargeting biomolecules 
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in addition to peptides and antibodies. The clinical session was followed by three sessions 
dedicated to therapeutic radiopharmaceuticals tagged with alpha emitters. The first covered 
general properties of alpha emitters, feasibility of production, chemistry and availability of 
211At. The second session was dedicated to 213Bi. It included a review on the production from 
generators, reported on the use in preclinical loco-regional tumour models and early clinical 
application in brain tumours. A panel discussion followed elaborating on issues related to 
production and the availability of all alpha emitters of potential clinical use with. An in depth 
discussion was there which focused on both 211At and 213Bi as potential candidates for future 
clinical use. 
 
The third day started with clinical presentation on radioimmunotherapy and monoclonal 
antibody production, followed by presentations on peptide based radiopharmaceuticals and 
bone pain palliation. The afternoon was dominated by a panel discussion on international 
activities and synergies, including the EU projects COST BM0607 entitled ‘Targeted 
Radionuclide therapy’ and TARCC, dedicated to alpha therapies; a presentation from the 
European Association of Nuclear Medicine and a report on current activities in the USA on 
alpha emitters. Dr. Juan Antonio Casas-Zamora, Director TCLA joined the panel and gave a 
short talk on the IAEA support to MS delivered through the Department of Technical 
Cooperation. Participants from the MS receiving TC support on development of therapeutic 
radiopharmaceuticals gave brief description of their projects and experience.  
 
The fourth day started with a session dedicated to medical physics and dosimetry related to 
the use of therapeutic radiopharmaceuticals highlighting the mechanisms and principles of 
dosimetry and the clinical benefit. The two sessions which followed were dedicated to the 
preclinical development of therapeutic radiopharmaceuticals covering chemistry aspects of 
rhenium and trivalent metals, biological targets in oncology and the options of dedicated 
small animal imaging, accompanied by proffered presentations on that topic. A panel 
discussion in the afternoon covered the challenges in bringing new therapeutic 
radiopharmaceuticals into clinical trials, the way of licensing these products in different 
member states (EU, US, Brazil, South Africa and India) as well as the issue of GMP 
compliance.  
 
The final day was dedicated to a panel discussion to identify the future perspective of 
therapeutic radiopharmaceuticals and the expectation of the MS from IAEA. The panel was 
chaired by Dr. N. Ramamoorthy, Director NAPC. The discussion in the panel was tuned to 
identify relevant strategies, products, techniques and applications that should form the basis 
for the long the term plans of the IAEA on support to development and use of therapeutic 
radiopharmaceuticals in MS.  The final session was devoted to summarize the meeting.   
 
Summary and conclusions 
 
The technical meeting generated a large interest among scientists and physicians working in 
the field of targeted therapy using radiopharmaceuticals. Participants from both developed 
and developing MS reported on recent developments on the research work and clinical studies 
going on in the field and provided their views on the future developments in this field. The 
unexpected high number of participants and the high number of presentations with 
exceptional quality underlines the great interest of scientists and professionals in therapeutic 
applications using radiolabelled drugs / biomolecules. The intensive discussions including 
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panels specified the challenges in the future on developing novel agents and to finally use 
them for the benefit of patients. The IAEA can play as vital role in streamlining developments 
and to provide tools to overcome scientific, professional and regulatory challenges in the field 
of therapeutic radiopharmaceuticals. The major points concluded can be summarized as 
follows: 
 
• Beta particle based RNT is still the most promising option for expansion in clinical 

use. There is continuing broad interest in the development and use of therapeutic 
radiopharmaceuticals labelled with beta emitting radionuclides. 

• Though a large number of beta emitting therapeutic radionuclides are possible to be 
produced in the nuclear reactors, 177Lu is the most promising with capability of 
production in large quantities and in high enough specific activities in several nuclear 
reactors in the World. There were about ten presentations in 177Lu covering from 
radionuclide production, radiopharmaceutical preparation and the results of the clinical 
studies.  

• The generator produced 90Y is another isotope that can play a significant role in 
radionuclide therapy. The IAEA efforts through the CRPs to develop 90Sr/90Y 
electrochemical generator called the ‘Kamadhenu’ will be significant in enhancing the 
availability of 90Y used for clinical therapy.   

• The use of 90Y labelled biotin for ‘avidin-biotin’ based IART (intraoperative 
avidination for radionuclide therapy) post surgical removal of breast cancer could be 
an effective alternative to intraoperative radiotherapy (IORT).  

• There is renewed interest in the use of monoclonal antibodies for radionuclide therapy 
and there is need to develop 90Y/177Lu labelled antibodies for radioimmunotherapy. 
Some of the clinically proven antibodies developed in MS (e.g. in the Centre of 
Molecular Immunology, Cuba) could be used for making radioimmunotherapy agents. 
• High energy cyclotrons are explored for the use of production of therapeutic 
radionuclides such as 67Cu, 47Sc and 211At. However, the utilization of cyclotrons for 
production of therapeutic radionuclides does not look as a reasonable option for the 
immediate future more so in the developing countries.  

• Alpha therapy, using 225Ac/213Bi generator system could emerge useful, but the cost 
which is over 225,000 USD for a single generator will put an impediment to their 
wider use.  

• Among the alpha emitting radionuclides, the use of 211At looks to be the promising, 
but the availability of high energy alpha particle cyclotrons for its production is not 
good enough to spread this modality.  

• There is a large interest of MS in seeking continued support from IAEA in the 
development and application of therapeutic radiopharmaceuticals.   

 
 

The full report of the meeting, abstracts of the invited talk and papers presented during 
the meeting and the PDF versions of the presentation are available as part of this document. It 
also includes more detailed conclusions and recommendations from participants. 
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Technical meeting on ‘Therapeutic Radiopharmaceuticals’  

Full Report 
 
1. Introduction 
 

Radionuclide therapy using open sources of radioisotopes in the form of radiopharmaceuticals 
has been in existence for almost 60 years and started with the treatment of hyperthyroidism 
and differentiated thyroid cancer using Iodine-131. Bone seeking agents radiolabelled with 
beta emitting radionuclides such as 32P, 89Sr, 153Sm and 186Re are successfully applied for 
palliation of bone pain arising out of diffused metastases. In addition, several new therapeutic 
radiopharmaceuticals with isotopes such as 90Y, 131I, 177Lu and 188Re have been investigated 
and some utilized over the last decade thanks to the development of new targeting strategies 
using specific carrier molecules such as peptides and monoclonal antibodies.  

Currently, a number of clinical trials for treating primary cancer of various origins are going 
on at different centres around the world. The successful demonstration of the efficacy of these 
treatment modalities will result in considerable increase in demand for therapeutic 
radiopharmaceuticals in the coming years. In order to meet this demand, it is important to 
develop the capacity for the production of both therapeutic radionuclides and therapeutic 
radiopharmaceuticals. 

The IAEA has been actively supporting these activities in the member states (MS). The IAEA 
has in the past organized several coordinated research projects (CRP) on development and 
preparation of therapeutic radiopharmaceuticals. Considering the large interest shown by MS 
and potential benefit to the patients, activities related to production of therapeutic 
radionuclides and radiopharmaceuticals are identified for implementation. 

While there are a large number of radioisotopes proposed for targeted therapy, the practical 
considerations had been limiting the number of usable isotopes. The emphasis of the IAEA 
programmes has been on therapeutic radionuclides with comparably long half life that can be 
made in large quantities in nuclear reactor, so that they can be transported with relative ease. 
Generator-produced radionuclides are another attractive option for the large scale on-site 
availability of therapeutic isotopes. 

Understanding biological mechanisms and ways of biological evaluation of therapeutic 
radiopharmaceuticals is another important aspect in the development of therapy products in 
order to collect preclinical data and to obtain ethical clearance for initiating clinical trails. 
International collaboration would be highly beneficial in the pre-clinical evaluation and trials 
of new and potential products in a safe and effective manner. Towards achieving this 
objective, the IAEA is currently supporting a program on the Phase 1/II clinical trial of a 
177Lu-EDTMP, a new bone palliative agent that can be prepared in a cost effective manner in 
several countries across the world. 
 
2. Objective of the meeting 
 
The objective of the Technical Meeting was to provide an experts’ platform to facilitate 
exploring the current status and future directions on therapeutic radiopharmaceuticals; to 
advice on most promising strategies to promote their development and use for the 
management of diseases in which therapeutic radiopharmaceuticals offer unique possibilities.   
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3.  Issues addressed    
 
3.1.  Radionuclides and their Production (excluding alpha emitters) 
 
The increasing use of radiopharmaceuticals for therapeutic purposes stems from various 
aspects such as availability of new targeting molecules, availability of a variety of 
radionuclides and the increased demonstration of the efficacy of in-vivo use of 
radiopharmaceuticals for treating cancer patients, whether it is for curative or palliative effects 
or as an adjunct to other modes of therapy. Radionuclides form a vital component of such 
therapeutic radiopharmaceuticals and one major difference between the diagnostic and 
therapeutic radionuclides is in the possible variety that can be used for therapy. This is mainly 
because in therapy the aim is to deliver adequate dose to the target mass which in turn will 
necessitate varied nuclides with varied radiation dose delivery capabilities tuned to the tumour 
mass and the mode of dose delivery. Therefore the range and properties of therapeutic 
radionuclides is vast and ever growing. Two major factors that govern the use of a 
radionuclide are the feasibility of production and the chemistry for radiolabeling the target 
molecule. The technical meeting addressed both the above aspects emphasizing the need to 
consider sustainability as an important parameter for wide spread deployment of new 
radiopharmaceuticals.  
 
Particle emitters such as α, β-, Auger/conversion electrons with high LET qualify for in-vivo 
therapy as high dose delivery at the target organ is desired, and the ranges of their action 
directly depends on the type and energy of the particles. While the β- emitters 131I and 32P are 
well established, the non target organ doses from the γ photons of 131I and the bone marrow 
toxicity of 32P are considered as the major disadvantages. The list of potential radionuclides 
for therapy is large. But, over the past decade, only few of these have come into prominence, 
based on their production feasibility as well as the efficacy of dose delivery to the target 
tissue. This was evident from the proffered papers predominantly dealing with molecules 
labelled with 177Lu or 90Y. 
 
Production of radionuclides is essentially through neutron induced reactions in nuclear 
reactors or charged particle induced reactions in particle accelerators such as cyclotrons. Since 
for in-vivo therapy it is desirable to have high LET and such radionuclides would be particle 
emitters, one could group them as α emitters, β- emitters and Auger/conversion electrons 
emitters. Currently there is an increasing interest in the α emitting radionuclides, such as 
211At, 212Bi, 213Bi, 225Ac, 223Ra etc. with 211At receiving prominent attention. For example, the 
ARRONAX accelerator at the University of Nantes, France, with facilities to irradiate targets 
with high energy (70 MeV) protons and alpha particles, would soon focus on production of 
211At for prostate cancer treatment by alpha radioimmunotherapy, in collaboration with 
several agencies including researchers and commercial cyclotron manufacturers. 
 
Use of Auger/conversion electrons emitters has been limited, perhaps due to the need to target 
the DNA of the cancer cell for effective therapeutic action. Isotopes such as 125I, 124I and 
117mSn have been explored in the past. The low non-target organ dose is one of major 
attractions in the continued interest in such Auger/conversion electron emitters. While 125I has 
good production feasibility, 124I is accelerator produced and expensive. 117mSn has been 
studied extensively for bone pain palliation and claimed to have resulted in excellent 
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outcome. However, difficult production feasibility of this nuclide is a major deterrent in its 
wide availability and usage. 
 
Production feasibility of radionuclides such as 32/33P and 89Sr, via (n,p) route, where the σnth is 
generally very low owing to the coulomb barrier, are far better in reactors with high fast 
neutron flux. The Russian fast flux reactor BOR-60, serves efficiently to produce many 
isotopes by (n,p) route, among which 33P and 89Sr figure prominently. 
 
Currently, most therapeutic radiopharmaceuticals are based on β- emitters, which in turn are 
neutron rich isotopes, most often produced in nuclear reactors. However, the possibility of 
neutron activation by neutrons availed from (p,n) reactions initiated by the intense proton 
beams from the accelerator on suitable targets is seen as an attractive possibility by the 
ARRONAX accelerator at the University of Nantes, France. Such neutron activation through 
‘Adiabatic Resonance Crossing’ is expected to provide beta emitting lanthanide nanoparticles, 
useful for loco regional brachytherapy applications, without a need for a nuclear reactor. 
 
One could group the β- emitters  as: 

• low energy and short range tissue penetration (< 1 mm): e.g. 199Au,169Er, 175Yb,177Lu, 
67Cu, 105Rh, 47Sc, 131I;  

• medium energy and medium range tissue penetration (1-2 mm): e.g. 153Sm,143Pr, 
170Tm, 198Au, 111Ag, 109Pd, 186Re and  

• high energy and long range tissue penetration (>2 mm): e.g. 165Dy, 89Sr, 166Ho, 32P, 
188Re, 142Pr, 90Y).  

 
In the above context, the availability and cost of a certain therapeutic radionuclide would 
depend on the production feasibility in terms of neutron absorption coefficient (σnth), the 
isotopic abundance of the target nuclide (θ) and the neutron flux (φ) available in the reactor. 
While the neutron flux is not a concern when σnth is reasonably high, in a few cases where the 
σnth is low (as in the case of 89Sr) and the production route involves sequential neutron 
capture (as in the case of  188W), high flux reactors (φ ≥ 1×1015 n/cm2/s) become essential.  
 
Reactors such as BR2 in Belgium, SM in Russia and HFIR at ORNL, USA, offer high flux 
and hence are potential major producers and suppliers of important therapeutic radionuclides 
such as 89Sr, 188W/188Re and 117mSn. High flux reactors are also expected to play an important 
role in future in production of alpha emitters such as 229Th (parent of 225Ac/213Bi), 227Ac 
(parent of 227Th/223Ra) and 228Th (parent of 224Ra/212Pb/212Bi).  
 
Production of high specific activity 177Lu via an indirect route from 177Yb, by irradiation of 
176Yb, (176Yb(n,γ)177Yb(β-)177Lu) , received considerable attention, with detailed discussions 
and comparisons on production of 177Lu by direct and indirect routes. While at least 
moderately high flux reactors (φ ≥ 1×1014 n/cm2/s) are undoubtedly necessary to produce 
adequate quantities of 177Lu via the indirect route due to the relatively low σnth(2.85 b), the 
disadvantageous cost factor in this route is very significant, meriting a ‘cost to benefit’ 
analysis of the requirements and the possibilities.  The high cost of enriched 176Yb target and 
the high cost of resin columns needed for separation of the two lanthanides 177Lu from 177Yb 
and the relatively low production yields contribute to the high cost of 177Lu produced by 
indirect route. Additionally, the need to recover the target, low production yields owing to 
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low σnth and hence the need for high volumes of irradiation, high volumes of waste 
production are factors that weigh against this route. On the other hand, the possible presence 
of long lived 177mLu (160 d T1/2) and hence the need to store the waste for longer periods in 
some countries due to radioactive discharge regulation was pointed out as a disadvantage of 
the direct route. However, in most countries 177mLu is not a major concern for safe disposal of 
waste.  
 
The discussion on whether ‘carrier free’ grade 177Lu was indeed necessary for targeted 
therapy was another issue that was debated, particularly when seen in the light of the fact that 
131I with similar half life and isotopic abundance (~ 20%) is well utilized for targeted therapy 
with success. Owing to the high σnth(2090 b) and the additional contributions from 
epithermal neutrons, 177Lu with 25-30% atom abundance can be obtained even at a moderate 
flux of φ ≈ 1×1014 n/cm2/s.  Yet, the merit in using high flux reactors to obtain better quality 
177Lu, in terms of specific activity, time required for production and 177mLu contamination 
produced through direct route was noted. In conclusion, the general consensus was that the 
177Lu from direct route can be useful for targeted therapy and provides a quality suitable for 
the majority of applications, the indirect route may have advantages for highly specific 
applications, at the moment, however is not available and not attempted in most countries. 

 

90Y was the other radionuclide that received wide attention. The attractive features of 90Y for 
therapeutic applications as evident from the large number of 90Y based molecules under use or 
various stages of trials were elaborated and the production routes for obtaining 90Y were 
discussed in detail. Neutron activation of 89Y is a direct and simple option to produce 90Y. 
Although Y is mono-nuclidic with 100% natural abundance of 89Y, production of  90Y by 
neutron activation of Y would yield low specific activity 90Y, as the absorption coefficient 
σnth is very low at 1.28 b.  High specific activity ‘carrier free’ grade 90Y, is available from a 
radionuclide generator by separation from the parent 90Sr.   
 
90Sr is produced in high yields in nuclear fission of 235U, with nearly 6% yield and the 
possibility of separating large quantities of 90Sr at facilities with reprocessing capabilities, 
taken along with the long half life (28.9 y) of 90Sr, is one of the major advantages of 90Sr/ 90Y 
generator for obtaining n-c-a 90Y. Russia is one such country with a strong program on 
‘production of radioisotopes’ and on ‘spent nuclear fuel reprocessing to recover useful 
isotopes’, which make Russia one of the potential suppliers of fission product isotopes such as 
90Sr in the world.  
  
While loco-regional applications such as radiation synoviorthesis or liver cancer therapy 
using 90Y-labeled particulate preparations would be possible using low specific activity grade 
90Y, high specific activity 90Y would be necessary for targeted therapy. Currently a large 
number of  applications aimed at targeting cancers via 90Y labelled molecules such as peptides 
or antibodies and these would require high specific activity 90Y. The importance of user 
friendly, accessible 90Sr/ 90Y generator systems was brought out during the deliberations. 
Various 90Sr/ 90Y generator systems developed in the past along with the short comings 
associated were  summarized.  
 
The novel 90Sr/90Y generator systems namely the Supported Liquid Membrane(SLM) systems 
and Electrochemical(EC) system developed at the Bhabha Atomic Research Centre were 
elaborated. In this context, the useful outcomes of the IAEA CRP on ”Development of 
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generator technologies for therapeutic radionuclides” were brought to the attention of the 
participants. This included the development of an electrochemical generator, 90Y-Kamadhenu, 
is now being commercialized. Another development was an innovative real time QC 
technique to measure ppm levels of 90Sr in 90Y, named as ‘Extraction Paper Chromatography’ 
(EPC). The attractive features of EPC are that it is simple, sensitive and capable of serving as 
a real time QC assay for ensuring the quality of 90Y before use in clinics. This is not possible 
with the methods used so far based on extraction and precipitation techniques 
 
A general conclusion of the meeting was that 90Y is a highly promising therapeutic 
radionuclide which can be widely deployed in large quantities and the IAEA efforts through 
their CRPs will play an effective role in taking 90Y to the clinics in several member states. 
However, owing to the long half life, 90Sr needs to be handled cautiously with strict scrutiny, 
which perhaps is done best in well established facilities such as a central radiopharmacy or in 
a radiopharmaceutical production laboratory.   
 
In essence, it was seen that therapeutic applications of radiopharmaceuticals is growing, 
supported by the innovations in the area of targeting molecules (among which the 
somatostatin analog peptides are well exploited) and the availability of a wide spectrum of 
radionuclides. Most member states have a research reactor, albeit with low neutron flux, while 
a reasonable number of MS have low-moderate flux reactors. But, production of isotopes such 
as 188Re or 89Sr is restricted to the few high flux reactors. 90Y and 177Lu are among the most 
widely used radioisotopes for in-vivo therapy, owing to their excellent physico-chemical and 
radiological properties and the possibility of producing them in large quantities. Generator 
production of 90Y from the long lived 90Sr is an added strength for 90Y, while the high neutron 
absorption coefficient is the prominent advantage of 177Lu, which perhaps are the strong 
reasons for the increasing use of both these isotopes.  
(Summary by Dr. M. Venkatesh, Bhabha Atomic Research Centre) 
 
3.2 Potential and Challenges of Developing Therapeutic Radiopharmaceuticals with 
Alpha-Emitting Radionuclides 
 
Therapeutic radiopharmaceuticals armed with alpha-emitting radionuclides hold the potential 
to significantly decrease the number of cancer deaths worldwide. Such a statement can be 
made based on the fundamental radiobiologic properties of alpha-emitters, which when 
targeted to cancer cells in patients, make them uniquely suited for treatment of disseminated 
(metastatic) and compartmentalized cancers.  In countries such as the US, metastatic disease 
is a major cause of cancer death, resulting in 5-year patient survival of 30% or less for most 
cancer types.  Those treatment outcomes can be contrasted to the nearly 100% 5-year patient 
survival obtained when treating the same cancer types localized to a primary site.  In 
developing nations, the lack of adequate diagnosis results in a higher percentage of cancers 
presenting as advanced disseminated disease.  That fact results in a higher percentage of 
patients dying from the disease.  While programs to increase access to methods and 
technology for early diagnosis of cancer will improve survival rates, arguments can be made 
that there is good potential for increasing life expectancy by using alpha-emitting 
radiopharmaceuticals.  
 
The unique potential of alpha-emitter labelled radiopharmaceuticals to treat disseminated, 
compartmentalized, and minimal residual cancer has led to high interest in developing alpha-
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emitting radiopharmaceuticals for therapy.  Indeed, many preclinical studies have 
demonstrated efficacy in treating metastatic and compartmentalized cancers, and the clinical 
studies conducted have also provided encouraging data.   However, a major impediment to the 
development and assessment of new alpha-emitting therapeutic radiopharmaceuticals is the 
production and availability of appropriate alpha-emitting radionuclides. Unfortunately, there 
are only a few alpha-emitting radionuclides that have radiochemical properties suitable for 
development of therapeutic radiopharmaceuticals.   
 
The radionuclides that have been investigated include: terbium-149, astatine-211, bismuth-
212, bismuth-213, radium-223, radium-224, actinium-225, thorium-226, thorium-227, and 
fermium-255.  Although interesting studies have been conducted with 149Tb, the requirement 
for production on a high-energy cyclotron (50-60 MeV protons), and it’s relatively short half-
life (4.1 h), make it unlikely to have general application in cancer treatment.  Likewise, the 
difficulty in production of 255Fm makes it highly unlikely that it will be used in cancer 
treatment.  These facts (at present) leave only eight other alpha-emitting radionuclides as 
candidates for development of therapeutic radiopharmaceuticals. 
 
The most widely studied alpha-emitting radionuclides are 211At, 213Bi and 225Ac, but a few 
other radionuclides have generated interest more recently.  Importantly, 223Ra is currently 
undergoing clinical evaluation as a new treatment of bone metastases in patients with 
hormone-refractory prostate cancer.  That therapeutic radiopharmaceutical (Alpharadin; 
Algeta, Oslo, Norway) is entering phase III clinical studies in several countries.  The 
simplicity of the radiopharmaceutical (223RaCl2) and results obtained in Phase I and II clinical 
studies may lead to Alpharadin being the next approved therapeutic radiopharmaceutical.  If 
223Ra is found to be effective in the Phase III trials and approved by regulatory agencies, its 
11.4-day half-life would make it possible to distribute it widely. 
 
Cost and availability are major hurdles to be circumvented with alpha-emitting radionuclides 
in the development of therapeutic radiopharmaceuticals.  An example of this was presented at 
the technical meeting, where it was estimated that a minimum of a 150 mCi (5.56 GBq) 
225Ac/213Bi generator would be required to enter a clinical study using 213Bi-labelled anti-
CD45 (2 mCi/kg; 74 MBq/kg) to replace total body irradiation used in hematopoietic cell 
(marrow) transplantation.  There was some question if a 150 mCi generator could be obtained, 
and the estimated cost of US $225,000 was prohibitive, so the clinical study was not 
undertaken.  While the short lived radionuclide 213Bi (45.6 min) is very attractive due to its 
generator system (225Ac/213Bi) and facile labelling chemistry, its very high cost and limited 
availability of parent may severely limit its application.  This is unfortunate, as the short half-
life of 213Bi is attractive for application when labelled with rapidly excreted cancer targeting 
agents, such as peptides.  For example, clinical studies described at the meeting using 213Bi-
labelled substance P, injected into the tumour of glioma patients was well tolerated with no 
additional neurological deficit.  The desire to utilize 213Bi, and the strengths of this generator 
system, has prompted studies to find alternative methods for obtaining 225Ac, such as using a 
proton beam to irradiate 226Ra and a photonuclear approach.  However, unless the new 
approaches can provide large increases in 225Ac quantities at greatly decreased costs, it seems 
unlikely that 213Bi will be widely used in cancer therapy. 
 
Another problem with the alpha-emitting radionuclides being considered for application to 
therapeutic radiopharmaceuticals is that most have radioactive daughters, and the daughters 
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can undergo several decays before reaching a stable or very long-lived daughter.  Such decay 
chains can include daughters that have propensity to localize in non-target tissues (e.g. 
kidney), potentially resulting in dose-limiting toxicity.  Interestingly, the alpha-emitting 
radionuclide in clinical study for bone pain palliation, 223Ra appears to have low toxicity, 
suggesting that its’ daughter radionuclides do not migrate to other tissues.  This finding makes 
the radionuclide 227Th of interest for development of therapeutic radiopharmaceuticals, as its 
daughter 223Ra and subsequent alpha-emitting daughters might be sequestered in bone without 
causing major toxicity to other tissues.  Studies with 227Th have begun, but it is too early to 
know if the prediction of low toxicity can be realized. 
  
The alpha-emitting radionuclide, 225Ac can be used directly for development of therapeutic 
radiopharmaceuticals.  Development of 225Ac-labelled radiopharmaceuticals is attractive as 
much lower levels of radioactivity (nCi-µCi; kBq) are required than as compared to 213Bi-
labelled radiopharmaceuticals, due to its longer half-life (10.0 days).  Thus, use of 225Ac can 
decrease the cost for a therapy dose considerably, and diminishes the issue of availability of 
the radionuclide. However, the 213Bi daughter can be released after decay of 225Ac, resulting 
in sequestration in the kidneys and renal toxicity.  Methods are being investigated for 
decreasing the renal toxicity, but complete elimination of 213Bi from kidney has not been 
achieved. Along with the issue of toxicity from the 213Bi daughter, the labelling chemistry of 
225Ac is generally low yielding.  Even with these shortcomings, 225Ac and 213Bi are being 
investigated as potential radiopharmaceuticals, and presentations were made of studies 
conducted by TM participants.  Importantly, efficacy has been seen with minimal (and 
treatable) toxicity for a 225Ac-labelled monoclonal antibody being investigated in a clinical 
study for treatment of leukaemia.  
 
The cyclotron-produced alpha-emitter 211At is attractive for several reasons.  Of major 
importance is the fact that a clinical dose of 211At can be produced at a comparatively low 
cost.  Unfortunately, at present, the number of cyclotrons set up to produce the requisite 
medium energy alpha-beam limits the availability of 211At.  However, it was noted in the TM 
that an important consideration in the availability of 211At is the potential for making it 
available regionally by modifying cyclotrons that already exist in a number of locations 
around the globe.  An example of regional production and distribution of 211At for preclinical 
and clinical studies can be seen at the Copenhagen University Hospital.  Similar regional 
distribution is planned for production at the University of Washington, Seattle, Washington. 
Clinical studies with 211At-labelled monoclonal antibodies and F(ab´)2 fragments are being 
conducted to treat glioblastoma and ovarian carcinoma (respectively), and additional clinical 
studies are being considered for treatment of breast cancer meningitis and as a replacement of 
total body irradiation (TBI) as part of a conditioning regimen in hematopoietic cell 
transplantation.  The fact that 211At does not produce alpha-emitting daughters is a significant 
advantage over most of the other alpha-emitters. However, it was pointed out in the TM that 
the classical method of labelling with 211At can result in deastatination in vivo for more 
rapidly metabolized biomolecules. An alternative labelling method using borane cage 
conjugates was presented in the meeting. Of importance is the fact that 211At-labelled meta-
[211At]astatobenzylguanidine appears to not be deastatinated in vivo, providing an impetus to 
take that compound into a clinical evaluation for treatment of neuroblastoma.  In addition to 
the clinical studies, the very encouraging results described of preclinical studies involving 
treatment of carcinomatous meningitis by intrathecal administration of 211At-labelled 
trastuzumab in  rat model and treatment of human prostate cancer bone metastases in SCID 
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mice using 211At-labelled anti-PSMA antibody, highlight two metastatic cancers that could 
benefit by alpha-emitting radiopharmaceuticals. 
 
Another alpha-emitting radionuclide mentioned in the TM is 212Bi.  As an alpha-emitting  
radionuclide with a half-life of only 60.6 min, it is not as attractive as 213Bi due to the 
convenience of the 225Ac/213Bi generator.  However, the 212Pb/212Bi generator can be used as 
an ‘in vivo generator’ system.  In this system, 212Pb is chelated to the cancer-targeting agent.  
The 10.6 h half-life of 212Pb allows more time for cancer targeting before the majority of the 
212Bi is produced and decays.  Importantly, the 212Pb can be obtained from another generator 
system (224Ra/212Pb) provided from a commercial source (AlphaMed, Inc., MA, USA). The 
212Pb/212Bi in vivo generator approach has been found to be effective against a radioresistant 
melanoma model when a 212Pb-labelled melanoma-targeting peptide (melanocortin-1 binding) 
was used.  Kidney toxicity was noted, but significant extension of survival from untreated 
control group was noted in the mouse model.  In other studies, 212Pb-labelled monoclonal 
antibodies combined with chemotherapy have provided striking survival results in a 
peritoneal ovarian cancer model. 
 
In summary, there are many challenges to the development of alpha-emitting 
radiopharmaceuticals, but the potential payoff is so high that significant effort will be put 
forth to solve them.  The results obtained in both preclinical and clinical studies strongly 
support continued effort to develop new therapeutic radiopharmaceuticals containing alpha-
emitting radionuclides. 
(Summary by Dr. D. Scott Wilbur, Department of Radiation Oncology, University of 
Washington) 
 
3.3 Therapeutic Radiopharmaceutical Chemistry   
 
Selection of a suitable radionuclide for therapeutic applications is usually first based on its 
nuclear properties since these are key requirements to achieve a therapeutic effect. However, a 
radioisotope is a chemical element and only in a few situations it can be readily used as 
radiopharmaceutical in its most stable form in physiological solution, thus avoiding the need 
to incorporate it in a molecule or other chemical construct. Biodistribution properties are fully 
determined by the chemical form through which the radioisotope is administered and, 
therefore, the chemical properties of the radioelement become a critical issue if radioactivity 
has to be delivered to specific tissues. 
 
During the meeting, only a limited number of presentations have been devoted to the 
discussion of the problems underlying the preparations and chemical stability of the two most 
extensively discussed alpha emitters 211At and 213Bi. Current attitude is to extrapolate main 
conceptions on the properties of elements belonging to the same group of the Periodic Table 
to all members of this family. For instance, the chemistry of astatine is conventionally 
reduced to the chemical behaviour of the halogen family and, specifically, to that of iodine. 
Similarly, bismuth is viewed as an analogue of gallium. This simplification usually leads to 
transfer, at least as a first attempt, almost the same labelling procedures employed for well-
established radioelements such as iodine and gallium isotopes to the corresponding bottom-
lying congeners of the same groups. However, as clearly expressed by those experts in the 
labelling chemistry of alpha emitting radionuclides attending the meeting, there exist a large 
difference between the chemical properties of elements belonging to the same group, but 
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being separated in different periods. This makes the chemical behaviour of astatine far 
different from that of iodine and a similar conclusion holds for the bismuth and gallium pairs. 
A straightforward extension of the labelling methods used for the preparation of 99mTc 
radiopharmaceuticals was also applied, in the past, in the attempt to obtain the analogous 
188Re radiocompounds, and arguments supporting this approach were always focused on the 
consideration that technetium and rhenium belongs to the same group. After it became soon 
apparent that nature is not always fully symmetrical and pretty much deviates from our 
models, the problem of the preparation and stability of 188Re radiopharmaceuticals has been 
analyzed using more fundamental chemical principles, and led to the successful development 
of suitable and highly efficient labelling procedures. It was envisaged that a similar basic 
strategy has to be employed with alpha emitters and, in particular, with 211At and 213Bi as 
critical issues about labelling yields and chemical stability for this class of 
radiopharmaceuticals remain still unsolved. 
 
A major exception to the lack of presentations dealing with fundamental chemical problems 
came from a presentation from Argentina that clearly underlined an additional problem 
related to current labelling methods with alpha emitting radioisotopes. Experimental results 
were presented showing how the emission of short-range massive alpha particles also raise a 
significant challenge for the stability of the labelled compound itself because these particles 
are capable of disrupting its chemical bonds exactly through the same interaction that is 
actually exploited to obtain the final therapeutic effect. The probability for this bond breaking 
appears much higher than that associated to beta particles. 
 
In summary, although a number of interesting labelling methods have been proposed for 
labelling biomolecules with 211At and 213Bi, a number of critical issues still remain and are 
mostly related to the stability of the resulting conjugates. Recent approaches with 211At 
attempted to solve these problems using boron caged compounds for hosting the radionuclide 
and linked to the biomolecule with long chain of bridging atoms to increase the distance of 
the bioactive moiety from the radioactive site (D. S. Wilbur  Bioconjugate Chem. 2009, 20, 
1983–1991). 
(Summary by Dr. A. Duatti, Laboratory of Nuclear Medicine, Department of Radiological 
Sciences, University of Ferrara) 
 
3.4 Targets and biological evaluation  
 
A multitude of cellular changes occur during the onset and progression of malignancy. These 
changes result in either an increase or decrease in the levels of functional or structural 
molecules on malignant cells and can therefore be considered as useful targets for anti-cancer 
therapies. Examples of these so-called molecular therapies include monoclonal antibodies that 
bind to cell surface epitopes such as HER-2 – rituximab or to small molecules that interfere 
with the function of intracellular tyrosine kinases such as imitanib (Gleevec). In Targeted 
Radionuclide Therapy (TRNT) these drugs are used as vectors or carriers of cytotoxic 
radionuclides and the aim is to deliver as high a radiation dose as possible to the malignant 
cells and as low as possible to radiosensitive normal tissues. In general, therefore the best 
molecular targets for TRNT are those which are present at high density in a large proportion 
of tumours of a particular type and which also show low expression on normal tissues. Many 
such types of targets, both intracellular and extracellular, have been explored including 
transporters, neurotransmitter receptors, hormone and neuropeptide receptors, Growth Factor 
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receptors, Tumour-associated antibody epitopes, metabolic pathways, DNA/RNA and other 
organelles. The most successfully exploited to date are the transporters, neuropeptide 
receptors and monoclonal antibody epitopes. Examples of useful cellular transporters are the 
sodium/iodide symporter which mediates the treatment of thyroid cancer by radio-iodide and 
the noradrenaline symporter (NAT) which enables the treatment of childhood neuroblastoma 
by radiolabelled neuradrenaline analogue such as 131I-meta-iodobenzylguanidine (m-IBG). 
The radiolabelled neuropeptide analogue 90Y/177Lu-DOTATATE/TOC bind to the 
somatostatin neuropeptide receptor (SSTR) which has been shown to be present in high levels 
on neuroendocrine tumours and have been successfully applied for the treatment of this 
condition. The most successful example of the use of radiolabelled antibodies for targeted 
radioimmunotherapy is that of 90Y-ibritumomab (Zevalin) which binds to the CD20 molecule 
present at high levels in non-Hodgkin’s lymphoma. 
 
Future developments in this field can be expected from two main directions: 
 

i.  identification of new useful molecular targets and  
ii.  improvements in the effectiveness of the targeted radiation through a better 

understanding of cell biology.  
 
A number of additional potentially useful targets with similarities to those already 
successfully exploited have already been identified. In the transporter group, these include the 
amino-acid symporters, many of which are up-regulated in malignancy. Several neuropeptide 
receptors other than somatostatin have been studied some of which, such as the gastrin 
(CCKR) and gastrin releasing peptide (GRPR) receptors show promise as potential targets for 
TRNT. Numerous other monoclonal antibody-associated targets also exist, some of which 
have already been explored in clinical trials. 
 
Consideration should be given to two particular observations while seeking ways to improve 
the effectiveness of targeted radiation: The first of these is that an extremely high specificity 
of the molecular target for malignancy is not always required. All of the targets that are in 
widespread clinical application (NIS and NET transporters, SST and CD20 receptors) are not 
uniquely expressed on tumour cells – all are expressed to a quite significant level on normal 
cells – NIS in the stomach, NAT in the heart, SSTR in the thymus and CD20 on normal B-
lymphocytes. Despite this fact there does not appear to be untoward toxicity from TRNT in 
these normal tissues at the doses normally employed. It must also be borne in mind that 
specific binding to the receptor is not the sole mediator of biodistribution in-vivo. Excretion 
mechanisms of radioactivity play a major role in influencing the radiation dose received by 
normal tissues. For example the kidneys are the dose-limiting tissues in SSTR therapies even 
though SSTR2 is not highly expressed in the kidney. This is not to say that toxicity to normal 
tissues can be completely ignored, however, it is likely that it is only an issue for 
radiosensitive tissues such as, for example gastrointestinal mucosa and bone marrow. Thus 
when very high levels of radioactivity are administered which result in very high doses to 
such tissues, significant toxicity can be expected. 
 
The second observation is that in some instances combining a radiation dose with another 
synergistic biological action can be beneficial. The addition of DNA repair inhibitors to 
radiation therapy is an obvious example but other cell-signalling effects can also be useful. 
For example it has been shown that the addition of a cell-signalling component to radiation in 
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the treatment of lymphoma via CD20 results in additive effects. Other interventions which 
result in an increase in the uptake of the radiopharmaceutical at its site of action can also be 
helpful, for example the use of the tyrosine kinase inhibitor gefitinib in the treatment of breast 
cancers with 111In-labelled EGF results in increased uptake of the short-range Auger electrons 
in the nucleus of the cell resulting in greater cytotoxicity. Such mechanisms for increasing the 
effectiveness of TRNT have not been extensively explored to date and deserve further 
attention. 
(Summary by S. Mather, Centre for Molecular Oncology and Imaging, Barts and The London 
School of Medicine, London) 
 
3.5 Medical Physics and dosimetry in therapeutic Nuclear Medicine 
 
Iodine therapy has been used for decades, most often on a fixed-activity injection paradigm 
with good results and without notable toxicity. This has generated the feeling that the same 
approach could stand for any kind of molecular radiotherapy (MRT). Injecting fixed activities 
(sometimes modulated by patient weight or body surface area) leads to highly heterogeneous 
absorbed doses, and therefore limits the potential of MRT. Recent scientific advances in 
quantitative imaging and internal dosimetry are now causing a shift toward administrations 
that take into account individual dosimetry, as is routinely the case for external beam 
radiotherapy (EBRT). 
 
Key idea: IF treatment efficacy is dependent on absorbed doses, as is the case for 
radiotherapy, a huge range of treatments is currently being administered. As absorbed doses 
for all patients are governed by toxicity for the most vulnerable patients, the majority of 
patients are undertreated. Individualised treatment planning would deliver higher absorbed 
doses to most patients without risking toxicity. In some situations, whole-body dosimetry can 
be performed with relative ease and accuracy.  This is useful for radiation protection purposes 
but can also be used to calculate whole-body absorbed doses, which have been shown to 
correlate with haematological toxicity. 
This means that sometimes « simple » approaches can still impact patient management and 
optimise MRT delivery. More refined approaches must be used within the context of 
radiopharmaceutical development and treatment optimisation. This can be implemented both 
for preclinical and clinical contexts. These approaches must consider the three steps leading to 
patient-specific dosimetry: 
 
i. Activity determination 
 
This can be assessed in various ways. In a preclinical situation, samples can be obtained at 
various times following radiopharmaceutical injection. This is obviously not possible in a 
clinical context. Activity determination can be performed easily is some situations by the 
means of external probes. Excreta collection and subsequent counting can also help in 
assessing whole-body remaining activity. However, most often quantitative imaging is used to 
determine activity present in the patient. 
 
A large range of SPECT acquisition and processing protocols have been proposed in the 
literature. Since gamma-cameras are not, by essence, meant to quantify activity, many 
corrections have to be implemented in order to derive activity from detected events. Planar 
imaging, even though less refined and error-prone is usually reported since it is relatively easy 
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to implement in a clinical context and provides for whole-body activity. 3D SPECT is on 
principle more accurate but requires an additional range of corrections to be implemented. 
The reconstruction process is also a key step in the procedure that can generate errors. PET-
based image quantification is increasingly being proposed, even though its development 
requires a broader availability of suitable radiopharmaceuticals. Hybrid imaging (SPECT/CT 
or PET/CT) is a major tool for quantitative imaging in clinical dosimetry. 
 
ii.  Biokinetics assessment (time sampling) 
 
Cumulated activity determination is often confused with quantitative imaging. In fact, activity 
sampling is a key factor in absorbed dose calculation, since the best quantitative imaging 
procedure won’t compensate for a bad (insufficient) temporal sampling of the activity present 
in the patient. As a rule of thumb, data should be acquired at 3 time points. Early time 
sampling should also be considered, despite the necessity to compensate for high activity 
induced dead time. Late sampling raises the question of image statistics, thus requiring longer 
acquisition times. However, time sampling is to be considered very seriously in order to 
gather enough information regarding radiopharmaceutical behaviour. Simple integration 
techniques (trapezes) can usually be implemented to derive the cumulated activity, however 
extrapolation (before the first, or after the latest acquisition time-point) should be treated with 
caution, especially for long-lived emitters. 
 
iii. Absorbed dose calculation 
 
Several methodological approaches are possible to perform the absorbed dose calculation 
step. In fact, the degree of sophistication must be considered in view of the previous steps. S 
factor tables, as proposed by the ICRP or the MIRD committee can be used in a context of 
diagnostic, but are not relevant in a therapeutic context. Adjustment of S factors can be 
performed by a simple organ mass ratio, and provides for a good first-order approximation of 
the S factor. This requires a patient-specific determination of the volume (and mass) of all 
relevant organs/tissues. Convolution of Dose Point Kernels is a fast approach that can be 
implemented for homogeneous media. Monte-Carlo modelling of radiation transport and 
energy deposition is more and more frequently implemented in a clinical context. However, 
that approach still requires heavy computing processing times. Any error in one of the 3 steps 
will propagate to the end result. In addition, absorbed dose alone may not predict the biologic 
effect. Somehow, biologic or radiobiologic parameters must be used in addition to absorbed 
dose to predict the outcome of a given treatment. These studies require the availability of 
trained staff. The current shortage in physicists trained in Nuclear Medicine dosimetry is one 
factor that limits the spread of patient-specific dosimetric studies. 
 
The variation in the methods employed at different centres to perform dosimetry hinder direct 
comparisons of absorbed dose calculations. To address this, a multicentre comparison should 
be initiated, based on the generation, via computer modelling, of a reference clinical situation 
that could be sent to remote participating centres. Each participating centre should process the 
same dataset using its own methodology. The result of the study would help understanding 
the critical steps and determine the degree of variation induced by the various approaches 
currently used in clinical practice. 
 
(Summary by M Bardiès, UMR INSERM 892, Nantes, France) 
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3.6. Clinical needs of therapeutic radiopharmaceuticals 
  
Established protocols for the treatment of NHL applying radiolabeled antibodies: 
 
Therapy with radiolabeled antibodies targeted to the CD20 receptor (Zevalin® and Bexxar®) 
for treatment of non-Hodgkin’s lymphoma (NHL) are the only approved products in both 
North America and Europe for treatment of malignacy.  Expansion of approval for relapsed or 
refractory disease after rituximab (chimeric anti-CD20 antibody) to front-line therapy is being 
considered.  The utilization of this radioimmunotherapy will be an important bellwether for 
the future of all molecular radiotherapy. 
 
Iodine-131 labelled murine anti-CD20 antibody (tositumomab) therapy (Bexxar®) is carried 
out per a radiation absorbed dose-based schedule, while 90Y labelled ibritumomab tiuxetan 
(also anti-CD20) therapy (Zevalin®) is carried out on a patient weight-based schedule.  Both 
utilize a schema where an initial dose of unlabeled anti-CD20 antibody is followed by 
radiolabeled antibody.  Both initially utilize, in the USA, an ‘imaging’ dose (111In being the 
nuclide for Zevalin® and 131I being that for Bexxar®), for assessment of biodistribution.  
With Bexxar®, serial whole body images are then obtained over the subsequent week for 
calculation of residence time and whole body radiation absorbed dose.  Demonstration of 
targeting of radiolabeled antibody to known disease sites is NOT a prerequisite for therapy. 
 
Patients with measurable disease are treated with an amount of radioactivity calculated based 
on platelet counts.  Patients with normal (>150 K/μL) platelets are treated at a dose of 0.4 
mCi/Kg 90Y (up to a maximum of 32 mCi) or an amount of 131I calculated to deliver no more 
than 0.75 Gy while body dose.  Patients with fewer (100-150K) platelets are treated at a lower 
amount of radioactivity.  The optimum amount of radioactivity to be administered to patients 
who have already had a bone marrow transplant continues to be debated and is the subject of 
clinical trials – important considerations include interval between transplant and disease 
progression; transplant marrow status, and availability of progenitor cells. Toxicity is 
hematopoietic and reversible.  Thrombocytopenia is the predominant toxicity; platelet nadir is 
usually 4-6 weeks after therapy, sometimes requires transfusions, and is usually reversible.  
Neutropenia typically follows and is less severe; neutropenic infections are uncommon.  
Recovery from toxicity is usually complete by 12 weeks. 
 
Three months is also a good period for assessment of response.  Metabolic response as 
assessed by [18F]FDG PET may occur earlier.  In rituximab-refractory patients, about a third 
have a complete response, about a third a partial response, and about a third do not respond 
(per CT criteria; FDG PET response rates not known) to therapy.  Response rates and time to 
progression may be higher in patients treated with radioimmunotherapy at initial presentation; 
randomized trials to examine incremental value (over chemo- immuno- therapy alone) are in 
advanced stages of completion. 
 
Lymphoma radioimmunotherapy is safe and effective, and should be used earlier in the course 
of the disease; even in multiply relapsed disease, however, it is underutilized.  Optimization 
of utilization remains a seemingly intractable problem. 
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Radioimmunotherapy - Quo Vadis: 
 
The discussion below outline the advances made with radioimmunotherapy in solid and 
hematologic neoplasms.  In particular, underutilization of this molecular radiotherapy will be 
examined.  In order for radioimmunotherapy to be utilized optimally, several issues need to be 
addressed.  These include suitable education of public and professionals about the relative 
safety of systemic radiotherapy; greater interaction between treating physicians and referring 
hemato-oncologists; harmonization of economic imperatives, and an appropriate 
understanding of both immunologic and radiobiologic effects of therapy.  Success of 
lymphoma radioimmunotherapy will provide incentive for the continuing study of antigen-
binding proteins to which tailored radioactivity – alpha particle-based therapy for hematologic 
or minimal residual disease, beta particle-based therapy for bulkier disease – can be 
administered.  Attempts to increase relative absorbed dose to tumour by adoption of multi-
step targeting methods have proved promising, as has therapy based on radiation absorbed 
dose (to normal organs and, increasingly, to tumour).  Molecular radiotherapy has 
considerable potential not only for thyroid cancer but for a variety of neoplasms, and efforts 
to promote the scientific and health care impact of radioimmunotherapy will result in 
improved cancer management. 
 
(Summary by Dr. C.R.Divgi, University of Pennsylvania, USA) 
 
 
3.7. Peptide Receptor Mediated Radionuclide Therapy (PRRT) 

 
Since more than 10 years radiolabelled somatostatin analogues have been used for therapy in 
patients with inoperable or metastasized somatostatin receptor-positive tumours. In particular, 
many neuroendocrine tumours (NET) have a high expression of somatostatin receptors, 
especially receptor subtype 2 (sst2). This offers the opportunity for targeted radiotherapy 
using beta-emitting radionuclides coupled to somatostatin analogues. There is a clinical need 
for this therapy, because conventional therapies have low efficacy and/or relatively high 
toxicity (chemotherapy) in metastasized  NET. 
 
 
Which peptide for PRRT?  
 
Of the somatostatin analogues currently used in clinical studies, DOTA0,Tyr3-octreotate 
(DOTATATE) has the highest affinity for the sst2 receptor, while it has very low affinity for 
the other receptor subtypes. Radiolabelling of the ligand is straightforward and the compound 
is very stable in vivo. The other clinically used somatostatin analogue is DOTA0,Tyr3-
octreotide (DOTATOC), which has lower sst2 affinity than DOTATATE, but expresses some 
affinity for the sst3 and sst5 subtypes. In a clinical comparative study, 177Lu-DOTATATE 
showed a twofold longer residence time than 177Lu-DOTATOC in the same patients. Neither 
DOTATATE nor DOTATOC are commercially available as approved GMP products, so their 
use is currently limited to research. Alternative somatostatin analogues with affinity to more 
subtypes than sst2 are under investigation. One example, DOTA0,[1-Naphthylanaline]3-
octreotide (DOTANOC) has very high affinity for sst3 and sst5 as well as for sst2. This 
peptide is successfully used in PET imaging when labelled with 68Ga, but its use as a 
therapeutic agent when labelled with 177Lu has to be explored further.  
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Other peptides, aimed at different targets can in principle be used for PRRT. Factors limiting 
their use may be instability of the compound in vivo or biologic action of only small amounts 
of peptide, since many peptide analogues act as agonists on their receptors. By applying the 
peptide locally instead of intravenously some of the drawbacks can be avoided. Substance P, a 
highly biologically active peptide which is easily degraded in vivo, has high affinity for NK-1 
receptors. These receptors are expressed on glioma tumour cells and tumour vessels. 
Locoregional application of 90Y- or 213Bi-labelled DOTA-substance P (DOTA-P) has been 
successful in stabilizing tumour size with a tendency of prolonging survival in glioma patients 
treated in small studies in Basel, Switzerland.  
 
Which radionuclide for PRRT? (see also 3.1.) 

 

Lutetium-177 (beta 497 keV, max range in tissue 2 mm, half-life 6.7 days) is very attractive 
for PRRT. The low-energy gamma emission of 177Lu allows post-therapy imaging and 
dosimetry. The relatively short tissue penetration is an advantage with respect to the treatment 
of micrometastases and the radiation toxicity of the kidneys (critical organ in PRRT); it may 
be a disadvantage with respect to the treatment of large and inhomogeneous tumours. 177Lu 
with adequate specific activity can be produced in many reactors in the world via ‘direct’ 
production from 176Lu (n,γ), however with a small impurity of 177mLu. For labelling of  177Lu 
to DOTATATE it is important to aim at a low amount of peptide in the final product injected 
into the patient: 200 µg of peptide for 7.4 GBq. If higher amounts of peptide are injected, the 
targeting of the tumours may become sub-optimal. Successful PRRT with 177Lu-labelled 
peptides in patients has been reported from countries in Europe, but also from countries in e.g. 
South America and Asia. 
 
Yttrium-90 (beta 2.27 MeV, max range in tissue 12 mm, half-life 2.7 days) is a pure beta 
emitter that has also been widely applied in PRRT. Dosimetry cannot be performed with 90Y 
itself, but this has to be done with 86Y (PET) or 111In substituted for 90Y in the compound, 
each with its own disadvantages. Renal toxicity can be a problem especially with 90Y-labelled 
DOTATOC or DOTATATE, as found in initial studies when no protective amino acids were 
applied and in a phase-1 dose-escalation study (with aminoacid). The availability of 90Y in the 
world should be sufficient, e.g. from 90Sr/90Y generators. 
There are preclinical studies indicating that tumours with a diameter of several mm are better 
cured with 177Lu-DOTATATE and tumours larger than 1 cm are better cured with 90Y-
DOTATATE. The combination of 90Y and 177Lu labelled peptides for PRRT may be better for 
tumour control (complete remission, CR) and survival than either agent alone. It is difficult to 
translate these results directly to the clinic. In patients, CR is rarely attained with either 177Lu 
or 90Y-labelled peptides using activities that are tolerable. Currently there are no convincing 
clinical studies demonstrating a benefit from the combination of 90Y- and 177Lu-labelled 
peptides. 
 
Which patients for PRRT?  

 
Patients eligible for PRRT with somatostatin analogues should have inoperable disease, a life 
expectancy of at least 3 to 6 months, a Karnofski performance score of at least 50% (or 
ECOG score < 4) and their tumours should demonstrate adequate peptide uptake (tumour 
uptake at least as intense as normal liver on planar 111In-pentetreotide [OctreoScan] images). 
Contraindications (absolute and relative) are pregnancy, lactation, renal impairment 
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(creatinine clearance < 40-50 ml/min), impaired hematological function (HGB < 5 mmol/l 
[8g/dl], platelets < 75 x 1012/l, WBC < 2 x 109/l), severe hepatic impairment (total bilirubin > 
3 x upper limit of normal (ULN) or albumin < 30 g/l and prothrombin time increased), severe 
cardiac impairment. 
 
Side effects of PRRT 

 
Kidneys and bone marrow are critical organs with PRRT. Amino acids (commercially 
available mixtures containing lysine and arginine or a 1 litre solution with 25 g lysine and 25 
g arginine) effectively inhibit the renal uptake of radiolabelled peptides. Renal protection with 
concomitant aminoacid infusions is essential with PRRT. Gelofusine infusion may be as 
effective as aminoacid infusion, and the combination of both may be the best. Gelofusine has 
a small risk of allergic reaction, which may preclude widespread use in PRRT. In phase-1 
studies it was found that long-term impairment of GFR (creatinine clearance) may develop. A 
continued yearly loss of GFR up to 15-20% /yr may be found during systematic follow-up. A 
minimum of 18 months follow-up is required to asses the yearly loss in GFR/creatinine 
clearance. Risk factors are radiation biologically equivalent dose (BED) > 35-40 Gy, old age, 
hypertension and diabetes mellitus. The risk increases with a combination of these risk 
factors. BED takes into account the dose (in Gy) but also the fractionation of the total dose in 
cycles. 

 
Transient drops in platelet and WBC counts and haemoglobin are frequent, but generally 
mild. Risk factors for severe count drops or slow recurrence to normal are old age, renal 
function impairment and previous chemotherapy. In rare cases, myelodysplasia or leukaemia 
can develop after PRRT, but the incidence of this severe condition is much lower than with 
chemotherapy. 
 
Therapeutic efficacy of PRRT 

 
Progressive disease (PD) despite PRRT occurs in ca. 20% of patients. Many patients have 
stable disease (SD) or partial remission (PR). Complete remission (CR) is rare. In phase-1 
studies a dose-effect relationship was found in tumours, in patients treated with 90Y-
DOTATOC. Clinical outcome appeared better in patients who received treatment up to their 
maximum, based on individual 86Y-DOTATOC PET dosimetry compared with others who 
received up to 13.2 GBq [360 mCi]. Overall, better results are reported for 90Y-DOTATATE 
and 177Lu-DOTATATE than for 90Y-DOTATOC. There are no controlled clinical trials 
comparing different PRRT variants or PRRT with other therapies. Based on comparison with 
historical controls, the overall survival (OS) and progression-free survival (PFS) appears to 
improve by years with PRRT. This survival benefit seems better for 177Lu-DOTATATE than 
for 90Y-DOTATOC. With 177Lu-DOTATATE the quality of life (QOL by EORTC- QLQ-
C30) improves, while symptomatic relief has been reported in other PRRT studies. 

 
(Summary by R.Valkema, Erasmus MC, Rotterdam, The Netherlands) 
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4. Reports on the findings of panel discussions  
 
4.1 Panel Discussion on Alpha Radiotherapy 
 

(Chair: D. Scott Wilbur, University of Washington) 
 
The panel discussion was directed at the question ‘Which alpha-emitting radionuclide(s) 
should be focused on?’ ‘And Why?’.  It was noted that this is a complex issue involving a 
variety of factors including: (a) cost and availability of the radionuclides, (b) inherent 
properties of the radionuclides, such as their half-lives, daughter emissions, and presence of 
imageable gammas, (c) the chemistry available for labelling cancer-targeting biomolecules, 
and their in vivo stability, (d) the applicability to the cancer-targeting agent of choice and 
approach to cancer-targeting being used, such as pretargeting, (e) and which cancer 
application is being addressed.  Decay chains showing the daughters emitted from each alpha-
emitting radionuclide was shown, so that could be part of the discussion.  Additionally, the 
issue of the current status of the chemistry of labelling was briefly outlined for each 
radionuclide. 
 
Panellists provided supporting data to their responses with a few slides. Data was presented 
which showed clinical results from 213Bi-labelled HuM195 for treatment leukaemia and 223Ra 
(Alpharadin) for treatment of metastatic prostate cancer in bone, making these radionuclides 
attractive for cancer radiotherapy. Another presentation outlined the potential that 
underutilized cyclotrons throughout the world can be used to make 211At more available. The 
potential for increasing the availability of 211At, and its relatively low cost to produce 
certainly makes it attractive for further study. Other data showed the potential to target EGFR 
in peritoneal disease with alpha-emitters.  And yet other data presented outlined the potential 
for using peptides to target 213Bi to cancer.  The panellists were unable to identify which 
radionuclide(s) was (or were) the best to focus on.    
 
It must be concluded from the panel discussion, and discussion with other attendees, that it is 
not possible (and probably not advisable) to identify a single alpha-emitting radionuclide or a 
couple of alpha-emitting radionuclides to focus efforts on at this time. It is clear that 211At, 
213Bi and 225Ac have different strengths and weaknesses, but this may provide the rationale for 
their use in different applications with different types of cancer-targeting agents.  Although 
these three radionuclides have been most extensively studied, some of the other radionuclides 
(e.g. 227Th) may also find application in cancer therapy. It might be concluded, that there are 
simply too few alpha-emitting radionuclides, and the strengths and weakness of each of them 
has not yet been fully explored to limit the number of alpha-emitting radionuclides being 
investigated. 
 
 
4.2 Panel discussion on regulatory challenges for therapeutic radiopharmaceuticals 

(Chair: T. Gmeiner Stopar, Ljubliana) 
 
The idea of using radioactivity for medicinal purposes is more than 100 years old. In 1901 
French scientists Henri Alexandre Danlos & Eugene Bloch suggested using radium to treat 
tuberculous skin lesions. Real history of nuclear medicine began in the 1930s with 
introduction of 131I. Nuclear medicine applications expanded in 1960s of the 20th century 
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with development of 99mTc generators. For a long time radiopharmaceuticals were exempted 
from being regulated as medicinal products. Only in 1970 FDA announced that it would 
gradually withdraw the exemption granted to radiopharmaceuticals and start regulating them 
as drugs; in 1985 radiopharmaceuticals were brought on par with other drug substances also 
in European Union. 
 
Nowadays only four groups of radiopharmaceuticals for therapeutic use are registered and 
being widely available i.e. 131I for thyroid applications; bone-seeking analogue radiolabelled 
with 153Sm, 89Sr and 186Re; 131I-MIBG for treatment of neuroendocrine tumours; and 90Y/131I 
radiolabelled antibodies against CD20 for treatment of NHL. 
 
On average it takes about 10-15 years to bring a medicinal product on the market, with more 
than 500 Million Euro of investment. This is probably the reason why only limited number of 
candidates with great potential and good clinical results is registered to be available for 
clinical use. From innovative radiotherapeutics used in clinic only 90Y/131I antibody against 
CD20 are licensed for use in the USA and EU market.   
 
Alternative to industrial preparation of radiopharmaceuticals the so called in-house 
preparation in hospital / research environment has become an important segment of 
application. Radiopharmaceuticals are prepared based on physician’s prescription for 
individual patients by qualified personnel following validated procedures.  
 
The panel was addressed the following issues:  

• How much GMP is sufficient - are we doing (or we have to do) too much? 
• Are licensing and GMP requirements killing research /availability of innovative 

drugs?  
• Is it wise to invest in research if we can't bring drugs to patients? 

 
Five distinguished members from four continents participated in the panel discussion. Dr. 
Divgi (USA) presented requirements to conduct clinical trials in respect to facilities, 
personnel, drug supply/preparation. Dr. Decristoforo (EU), D. De Araujo (Brazil), D. 
Zeevaart (South Africa) and Dr. Venkatesh (India) presented regulative status of 
radiopharmaceuticals in their respective regions and challenges associated with registration, 
preparation and use of radiopharmaceuticals in various countries. In all regions, industrially 
prepared radiopharmaceuticals require marketing authorisation, which is time, cost and 
paperwork demanding. Beside registered products there is also a possibility of in-house 
preparation of radiopharmaceuticals in hospital and research environment. Requirements for 
the latter vary in different regions. Countries with longest history of regulating and using 
radiopharmaceuticals have recognized the need for specific regulations and therefore seem to 
have the least problems concerning regulatory request for preparation, use and registration of 
radiopharmaceuticals. Regulatory bodies (countries) with no or limited experience 
(knowledge) with radiopharmaceuticals seem to have problems identifying real risks involved 
with their application and preparation. In most regions there are no specific regulations or 
exemptions for radiopharmaceuticals (i.e. based on mostly single use, (ultra) small quantities 
of active ingredients, application in hospital environment with competent personnel, no 
pharmacological effect, low toxicity, short shelf-life, small batches, size of the potential 
market). This has been identified as a major challenge for the further development in the field 
and joint efforts should be made to overcome this. 
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4.3. Panel discussion on International Activities in Radionuclide Therapy 
(Chair: C.Decristoforo, IAEA) 

 
An expert panel was identified to report on international activities on Radionuclide Therapy. 
It was set up based on the finding that many of the participants were members of one or 
another network, that has been set up to promote radiopharmaceuticals and/or Radionuclide 
Therapy.  
 
COST Action on Targeted Radionuclide Therapy 
 
The first presentation was given by Marion de Jong on the COST BM0607 Action on 
Targeted Radionuclide Therapy. COST is an intergovernmental framework for European 
Cooperation in Science and Technology, allowing the coordination of nationally-funded 
research on a European level. COST contributes to reducing the fragmentation in European 
research investments and opening the European Research Area to cooperation worldwide. 
COST is specifically designed to network researchers mainly within the European Union that 
work on a specific topic.  
 
COST Action on cancer therapy using innovative targeting nanomedicines is highly 
multidisciplinary: nuclear medicine physicians, clinical oncologists, surgeons, physicists, 
radiobiologists, (in)organic chemists, radiochemists, radiopharmacists, pathologists and 
scientists from biomics participate in it. They define innovative new targets for cancer 
therapy, develop lead compounds and new radiolabelled ligands as vectors, perform 
molecular imaging and biologic testing, develop improved software and protocols for 
dosimetric calculations and select new vectors for early human use. Within the COST 
BM0607 more than 100 scientists from 21 countries are participating to work within 5 
different working groups (WG). WG 1 works on the establishment of Database on Molecular 
Targets for Targeted Radionuclide Therapy, WG 2 deals with the development and 
improvement of chemistry related to new molecules for targeted radionuclide therapy. WG 3 
is dedicated to dosimetry aspects, whereas WG 4 tries to optimize the use of new 
radionuclides for therapy from cyclotron, reactor and generator production. Finally, WG 5 has 
the aim to bring together research related to pharmacology and small animal imaging with 
new tracers for targeted radionuclide therapy.  
 
COST organizes annual meetings of the whole group and in between dedicated meetings of 
the working groups. One major topic under investigation is the use of minigastrin derivatives 
for targeting medullary thyroid cancer and other cancers expressing the CCK2 receptor. Here 
a comparative evaluation of radiolabelled peptides in terms of stability, receptor affinity and 
tumour targeting is currently ongoing. Besides organizing meetings another aim of COST is 
to promote young researchers where short term scientific missions (STSM) are financed to 
improve the professional skills of researchers within the EU. COST also organizes workshops 
on specific topics and is involved in supporting scientific events by co-organizing working 
group meetings within events related to radionuclide therapy. The activities of COST, 
therefore provide a number of synergies with activities of the IAEA on a world-wide level on 
the development of therapeutic radiopharmaceuticals.  
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TARCC project  
 
A second European Research project was presented by Jaques Barbet from Nantes, who is the 
coordinator of the TARCC project. TARCC (contract n°Health-F2-2007-201962) is supported 
by funding under the Seventh Research Framework Programme of the European Commission, 
and stands or Targeted Alpha Particle Emitting Radionuclides to Combat Cancer. TARCC 
represents a consortium of European Leading Scientists and Clinicians, working on alpha 
emitters for targeted radionuclides therapy. Co-funded by the European Commission under 
the 7th Framework program for 3 years (total budget 5 Million Euro), TARCC addresses the 
increasing European health issue of cancer therapy. Composed of 10 teams from 6 European 
countries (Germany, France, Belgium, Slovenia, Switzerland and Sweden), TARCC 
‘strengthens European scientific excellence by tackling the fragmentation of European 
research’ on targeted alpha radionuclides therapy, TARCC also collaborate with AREVA and 
Arronax in Nantes. Four Working packages deal with Radionuclide Chemistry, Vector design, 
Animal Models for Preclinical alpha-radionuclides therapy and Dosimetry and Radiobiology. 
It is expected that this project will provide important research results on the potential use of 
alpha emitters for targeted radionuclide therapy and may have synergies with potential future 
projects of IAEA in this field. 
 
International activities in Alpha Endoradiotherapy 
 
Scott Wilbur from the University of Washington reported on recent international activities in 
Alpha Endoradiotherapy. He summarized presentations given in a Workshop on Alpha-
Emitting Radionuclides in Therapy, Aachen, Germany, April 28-29, 2007 and of the 6th 
Symposium on Alpha-Emitting Radionuclides in Therapy, Toronto, Canada, June13-17, 2009. 
It was noted that an alpha-emitting radiopharmaceutical, ‘Alpharadin’ (223RaCl2), entered a 
Phase III clinical trial in 2008 initiated by Algeta (Oslo, Norway). In 2009 Algeta partnered 
with Bayer AG, which has been reported to pay up to 800 Million US$ for Alpharadin’s 
clinical evaluation and licensure. The group of the University of Missouri has conducted 
promising research using the 212Pb/212Bi-generator for radiolabelling an MSH peptide with 
212Pb. The group of M. Brechbiel at the US National Cancer Institute, Bethesda, Maryland, 
have also obtained very promising results involving the therapeutic efficacy of 212Pb-, 213Bi-, 
211At-labelled antibodies in murine tumour models. K. Dadachova from the Albert Einstein 
College of Medicine in New York has reported interesting results on the application of 213Bi-
labelled antibodies for treatment of infectious diseases, namely HIV and fungal infections 
with promising results in mouse models. Overall these reports indicate the potential promise 
and great interest of the international scientific community in alpha therapies. 
 
EANM related activities towards radionuclide therapy 
Manuel Bardies from the dosimetry committee of the European Society of Nuclear Medicine 
presented the activities of the EANM towards radionuclide therapy. On the one hand there are 
different committees of the EANM involved in activities in research and clinical applications 
of radiopharmaceuticals for therapy, these include the therapy, oncology, dosimetry and 
radiopharmacy committee with activities towards organisations of lectures at conferences, 
organizing symposia. Additional activities of committees are establishment of guidelines for 
standardization of all kinds of therapeutic applications within Nuclear Medicine. The work of 
EANM committees is supported within so called ‘Interest Groups’ whereby interested 
scientists and professionals can contribute from countries outside Europe using a web-based 
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application scheme (www.EANM.org). EANM also has established a EANM/European 
Network of Excellence, called EARL (EANM Research Limited), with the aim to support 
multicenter clinical trials on radiopharmaceutical application, which may also include 
therapeutic applications. The EANM therefore offers opportunities for many IAEA Member 
States to strengthen research activities towards the development of new therapeutic 
radiopharmaceutical. 
 
Overall this joint session gave an insight on international activities on therapeutic 
radiopharmaceuticals showing the direction research and development efforts are aimed. 
Many of these activities open synergies with current and future IAEA activities in this field. 
 
4.4. Panel discussion on Systemic Radiotherapy  

(Chair: C. Divgi, University of Pennsylvania)  
 
The panel discussion began with an overview of current and future modes of targeted 
systemic radiotherapy in cancer, and particular note was made of the potential of β- and α- 
particle targeted therapies that had been presented and discussed in the meeting.  There was 
unanimity that such therapies have the ability to effect significant changes in the therapy (e.g. 
MIBG, anti-SSTR, RIT) of cancer, as well as the well-being of patients with cancer (e.g. pain 
palliation). The panel discussion focused on the lack of awareness and interest for systemic 
targeted radiotherapy in cancer, among the lay public as well as among referring clinicians.   
 
The following key issues were discussed.  
 
i. Competing therapies.   
 
In most cases, the lack of appropriate utility of systemic targeted radiotherapy has been the 
existence of competing therapies.  These competing therapies are frequently under the control 
of referring physicians.  For example, oncologists are more aware of (and sometimes have a 
vested interest in) chemotherapy for lymphoma.  There is therefore very little incentive for 
referring clinicians to appropriately direct patients for targeted systemic radiotherapy. There is 
also strong economic incentive for physicians to ‘keep their patients’, and not ‘lose’ them to 
nuclear medicine physicians, who have made inadequate efforts to demonstrate to the broader 
oncology community of where their skills lie in the management of the patient with cancer. 
 
ii. Referral base.  
 
There are few centres where a close interaction exists between Nuclear Medicine physicians, 
who treat with systemic radiotherapy, and oncologists, who have the patient referral base.  
Especially in the United States, oncologists are unaware of the capability of their Nuclear 
Medicine colleagues to treat.  In addition, Nuclear Medicine physicians are increasingly 
becoming diagnosticians with decreasing interest in following patients who have received 
systemic radiotherapy.  This presents a problem, since referring clinicians are frequently 
unaware of the toxicity profile of systemic radiotherapy and hence do not particularly wish to 
monitor patients post-therapy and manage any side-effects.   
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iii.   Diminishing/changing cadre of treating specialists.   
 
As alluded to above, there is a decreasing number of Nuclear Medicine physicians with an 
interest in targeted systemic radiotherapy.  This compounds the problem of referral and 
appropriate patient management.  In instances such as thyroid cancer, where systemic 
radiotherapy is the only therapy available for patients, this has resulted in endocrinologists 
assuming control of the patients and the therapy.  Also, and again particularly in the United 
States, radiation oncologists are becoming increasingly involved in such therapy.  The shifting 
landscape of treating specialists may result in increasing use of systemic radiotherapy after a 
period of adjustment which results in Radiation Oncologists assuming control of such 
therapy. 
 
iii.  Radiophobia.  
 
Increasingly stringent regulation, as well as negative perceptions of the dangers of (unsealed) 
radiation, have resulted in reluctance on the part of both patients and providers to administer 
systemic radiotherapy to patients with cancer.  This is compounded by a lack of 
understanding among referring clinicians of the toxicity profile of such therapy – many 
oncologists believe, for example, that hematopoietic suppression following 
radioimmunotherapy is not reversible (or less so than that following chemotherapy).  The 
community has compounded the issue by not framing the risk to benefit in terms of the patient 
with cancer who has had multiple hematotoxic therapy.  For example, the risk of 
myelodysplasia following radioimmunotherapy has not been adequately framed in the context 
of the baseline risk of myelodysplasia following chemotherapy. 
 
Regulation has been particularly onerous.  It is now not possible to administer even medium 
amounts of photon-emitting radioactivity to patients in an out-patient setting in most 
European countries.   
 
A lively discussion on the above issues was the highlight of the panel discussion. Possible 
solutions included the following suggestions: 
 
i. Increase the awareness of referring clinicians to therapeutic Nuclear Medicine.   
 
Nuclear Medicine physicians need to reach out to their oncology colleagues to a greater 
degree than they have thus far.  They need to educate their referring clinicians that: a. 
systemic targeted radiotherapy is safe, with manageable and reversible side-effects that are 
usually less than with other available therapy; b. the dangers of radiation exposure are far less 
than the benefits, particularly given the lack of significant side-effects (e.g. secondary 
infection from chemotherapy; the constipation associated with opioid pain palliation therapy); 
and c. Nuclear medicine physicians are trained in the management of patients receiving 
therapeutic amounts of radioactivity.  They also need to participate more actively in the 
clinical management of patients with cancer.  This may include participation in multi-
disciplinary clinics, education of residents and other physicians-in-training about the 
appropriate use of systemic radiotherapy, and presentation of effective systemic radiotherapy 
in grand rounds and other medical education settings. 
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ii. Increase the awareness of systemic radiotherapy among patients.   
 
The growth of knowledge dissemination made possible by the Internet has resulted in an 
unprecedented ability for patients to become aware of therapeutic possibilities.  Nuclear 
Medicine physicians need to actively interface with patient advocacy and other groups to 
make patients (and the lay public) aware of the potential of targeted systemic radiotherapy. 
 
iii. Marketing.  Nuclear as a word has negative connotations in this post-Nuclear age.  Just 
as the growth of nuclear magnetic resonance imaging was fueled in part by re-branding it as 
‘MRI’, Nuclear therapy may become more attractive repositioned as ‘Molecular 
radiotherapy’.  In addition to merely changing titles, however, the community needs to 
actively engage (as above) in increasing awareness, as well as ensuring that there is adequate 
support from reimbursement agencies when appropriate. 
 
The discussion concluded that ‘molecular radiotherapy’ was very useful in the management of 
patients with cancer; and that an active engagement with health care payers, radiation 
regulators, referring clinicians and the lay public was critical for the growth of this promising 
therapeutic modality. 
 
 
4.5. Panel on ‘Future challenges and perspectives in therapeutic radiopharmaceuticals’ in 
the context of IAEA support to MS 

(Chair: N. Ramamoorthy, IAEA) 
 
This final panel discussion was intended to review the summary of findings of the different 
topical Sessions held in the TM, especially in the context of known and emerging interests of 
and relevance to the IAEA Member States (MS) including a number of developing countries. 
Accordingly, one co-chair of each Session joined the Panel to describe briefly their 
perspectives. The main aim was to identify the more promising trends in products and 
procedures for radionuclide therapy (RNT), as well as consider measures to support their 
development, for adoption in regular clinical use by interested MS. 
 
The Panel first heard from the Chair on the IAEA priority in approaches and functional 
mechanisms which can be summed up as follows:  
 

i. Recent advances in demonstration of proven benefits to patients from RNT 
products and/or procedures warrants wider deployment – need to address 
requirements thereof;  

ii. Noticeable high potential exists for RNT, but further multi-centric coordinated 
evaluation of products and/or procedures are deemed necessary - need to facilitate 
objective decision making on the extent of applicability and limitations; and  

iii. Sound concept(s) towards addressing a major health problem and high probability 
of ‘RNT-based’ solution envisaged – but considerably more R&D still needed.  

iv. There is need to  identify and prioritise a few cases to encourage cooperation in 
further development efforts - need to coordinate and facilitate interactions.  

 
Typical considerations in the case of radionuclides were cited in this context as examples. The 
two widely producible, distributable and affordable radionuclides for therapy are yttrium-90 
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and lutetium-177 which would meet most of the demands for hard beta and soft beta therapy, 
respectively. Rhenium-188 obtained from 188W/188Re generator would be useful limited to 
settings that require products based on rhenium chemistry for targeting, and which are not 
easily met by M(III) chemistry. Iodine-131 and phosphorus-32 will continue to be relevant in 
all applications where they are well suited. Alpha emitters (will) continue to be R&D stage 
products while growing interest is also evident. 
 
The Panellists were requested to outline their perspectives on the clinical needs and gaps 
where RNT can make a unique difference, or add significant value to other modalities, and the 
status of products availability or their development stage to contribute/support such clinical 
applications. Other related specific posers raised were:  

i. RNT using (n, gamma) produced Lu-177 of medium to high specific activity vis-à-
vis need for n-c-a Lu-177 from using enriched Yb-176 targets;  

ii. to identify areas requiring radiorhenium (Re-188) based products for RNT;  
iii. possible preference of users to be dependent on weekly/periodic supplies of Y-90 

and Lu-177 from national labs or corporate production centres vis-à-vis 
dependency on generator-based Re-188 supplies from radiopharmacies or in-house 
in hospitals;  

iv. status of alpha emitter based products for targeted therapy.  
 

The salient points emerging from the Panel are summarised below:  
 
a. Continuing the pursuit to demonstrating utility of RNT of bone metastases with 
suitable bone-avid RNT products came up on top of the list. Much progress has been reported 
since the first studies reported nearly a decade ago (using about 5 mCi/kg doses of Sm-
153/Re-186), while the recent emergence of other therapeutic radionuclides such as Lu-177 
should help advance further. 

 
b. In parallel, the extent of palliative treatment of metastatic bone pain should also 
increase considerably. The efforts of the IAEA in supporting the development and utilisation 
of 177Lu-EDTMP as a more widely usable product were acknowledged. The question of ‘is 
there a preference to seek prolonged dose delivery for such application’, as available when 
using Sr-89 (50 d), remained unanswered. The scope to consider the use of easy-to-produce 
Tm-170 (120 d) cited by the Indian group was the trigger for this poser. 
 
c. Treatment of neuroendocrine tumours using radiolabelled peptides such as 
DOTATATE and use of radionculides Lu-177, Y-90 is the other area of clinical significance. 
Fairly high specific activity of Lu-177 attainable in several research reactors (using moderate 
to highly enriched Lu-176 targets) around the world being adequate for this purpose is an 
important aspect for sustainable and affordable applicability in clinical setting. 
 
d. Treatment of hepatocellular carcinoma (HCC) demonstrated with intra hepatic arterial 
administration of a suitable RNT product (e.g. Re-188 lipiodol) has led to the search for more 
such products either for ease of availability and/or greater efficacy. The developments in 
terms of Y-90 and Lu-177 labelled particulates were highlighted in this context. 
 
e. The European Institute of Oncology work on intra-operative instillation of avidin in 
breast cancer patients undergoing surgery followed by subsequent systemic administration of 
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Y-90 biotin conjugate to target the lesions sites and deliver localised radiation dose to destroy 
residual malignancy was an important feature of educative information and knowledge 
transferred at the TM. Bilateral cooperation and collaborations are envisaged to learn more 
and adopt this modality.  
f. During interventions by participants, two other points emerged related to loco-regional 
RNT approach: (i) gliomas would be another condition for applying loco-regional instillation 
based RNT; (ii) there is a good scope and need to expand the established role of RNT utility 
in synovectomy. 
 
g. The immense potential of high LET alphas in RNT is still under R&D stage while use 
of a number of nuclides and limited clinical trials are noticeable. At-211 (9.4 h; from 
cyclotrons; 30 MeV alphas required) and Bi-213 (46 min; from Ac-225, generator based; very 
expensive) are being investigated more and more, while Ra-223 (11.4 d, decay product from 
Th-227) will be more suitable for future development. As highlighted in the Panel Discussion 
devoted to alpha therapy, this will be an area of importance in future despite several 
challenges to be addressed. The most crucial challenge is to find ways and means for easy, 
abundant and economic access to the candidate alpha emitter nuclides of interest for clinical 
use. 
 
h. Proper understanding of underlying biological/biochemical mechanisms for molecular 
targeting combined with a clean chemistry of labelling or conjugation with suitable 
radionuclide would help explore and develop many new products. An open mind on 
approaches and products would be necessary from the perspective of radiopharmaceutical 
sciences. The early emphasis on bifunctional chelating concept (though proven useful in 
many cases) has to be supplemented through small molecules chemistry; the potential to use  
n-c-a Re-188 is deemed high in this context while identifying possible clinical topics of high 
interest would be helpful to focus the R&D efforts. 
 
i. The need for cost effectiveness and quantitative information on proven efficacy to 
convince health authorities was cited. Multitude of studies and efforts with sub-critical 
numbers of patient has been a hindering feature. Just as PET is becoming increasingly well 
accepted, despite the relatively higher costs involved, RNT will be better adopted when 
adequately strong value can be demonstrated. Larger data of efficacy in patients is a must in 
this connection. 
 
j. Difficulties due to stringency of regulatory process and associated costs, as well as risk 
of low and variable chances of success, stifle the development efforts, although the sound 
principles and vast potential of molecular targeting and available choice of therapeutic 
radionuclides, even to the extent of being lesion size specific, are well recognised. RNT 
applicable to patients of breast cancer, prostate cancer and bone mets would be attractive 
topics for development focus in future. 

 
 

 
5. Conclusions and recommendations 
 
There were number of conclusions and recommendations given by the participants. These are 
grouped as per radionuclides, radiopharmaceuticals, clinical, regulation and general.  
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5.1. Radionuclides    
 

• Cost and availability will remain a major factor in the selection and use of therapeutic 
radionuclides.  

• Though a large number of beta emitting therapeutic radionuclides are possible to be 
produced in the nuclear reactors, 177Lu is the most promising with capability of 
production in large quantities and in sufficiently high specific activities in several 
nuclear reactors in the World. There were about ten presentations in 177Lu covering 
from radionuclide production, radiopharmaceutical preparation and the results of the 
clinical studies. 

• The generator produced 90Y is another isotope that can play a significant role in 
radionuclide therapy. IAEA efforts through the CRPs to develop the ‘Kamadhenu’ 
(90Sr/90Y electrochemical generator) and the ‘extraction paper chromatography  
(EPC)’ technique for estimating the radionuclidic purity of 90Y used for clinical 
studies can play a significant role in enhancing the availability and safety of 90Y used 
for clinical therapy.  Although the 90Sr/90Y generator system is attractive, the fact that 
90Y has high-energy betas and does not have an imageable gammas might make it less 
attractive for some applications.   

• 131I and 188Re remain important therapeutic radionuclides. 188Re has an imageable 
gamma and 131I a great advantage due its high availability and low cost. Difficulties lie 
in obtaining 188W/188Re generator systems and for 131I in the limitations with regards 
to radiation doses of health care workers and family members of patients reducing 
their attractiveness.  

• Two conflicting views have been expressed during the panel discussion devoted to 
analyze whether radionuclide therapy and, specifically, alpha particle therapy might be 
introduced into developing countries at its present stage of development: 

  On one side, it was emphasized that a significant number of cyclotrons for production 
of 211At are currently available around the world, thus making this radionuclide 
potentially readily accessible and worthy to be investigated.  
On the other hand alpha radionuclides and related therapies might not be widely used 
in clinics especially in developing countries in the foreseeable future, again with the 
main issue of availability and costs. The production of 211At is also still limited by the 
need of high-energy cyclotrons with alpha beams and the use 213Bi is hampered by the 
high costs of 225Ac. However, alpha therapy still holds potential as one of the most 
promising modes for targeted therapy of cancer, particularly for treating minimal 
residual disease, compartmentalized cancers (i.e. ovarian) and metastatic cancer.  

• The choice of radionuclide, whether beta- or alpha-emitter that will make it into 
therapeutic radiopharmaceuticals, will ultimately be made based on cost and 
availability of the radionuclide.  Research into methods for making therapeutic 
radionuclides more available, and at lower cost is imperative for adoption to cancer 
therapy.  

• The present high cost and limited availability of alpha-emitting radionuclides makes it 
very difficult for investigators in developing countries to conduct research in this area.  
Indeed, with the exception of 223Ra (Alpharadin), clinical application is too far away 
for IAEA to support projects with alpha-emitting radiopharmaceuticals in developing 
countries.  However, because of the promising results obtained in this field, it is 
important that investigators in developing countries learn of the advances, and 
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potentially participate by working in laboratories conducting the research, such that 
long range plans can be made to bring the technology into their countries when 
appropriate. 

• To promote the research, development, application of generator systems to assess the 
availability of therapeutic radionuclides in developing countries and thus facilitate the 
implementation of radiopharmaceuticals production, quality assurance, dosimetry 
evaluation and clinical application. These generator systems comprise: 90Sr/90Y, 
68Ge/68Ga (as diagnosic/dosimetry tracer for 90Y and 177Lu), 188W/188Re and as second 
option 225Ac/213Bi  

• Other interesting radionuclides will become those representing imaging/ therapy-pairs 
such as 64Cu/67Cu and 44Sc/47Sc as well as alpha emitters, however current production 
capacities and availability of these radionuclides will continue to be challenging. 131I 
and its diagnostic counterparts 124I and 123I should not be forgotten in this respect. The 
need for combined diagnostic and therapeutic application especially regarding 
dosimetry with a focus on PET will remain. 

 
 
5.2. Radiopharmaceuticals 
 

• There is need for continued support from IAEA on the development and application of 
therapeutic radiopharmaceuticals. Topics and scope of IAEA’s activities should reflect 
recent developments in the field. 

• Therapeutic radiopharmaceuticals require a ‘clean’ and well defined chemistry, which 
has been established for trivalent metals but requires development especially regarding 
alpha emitters.  

• There is renewed interest in the use of monoclonal antibodies for radionuclide therapy 
and there is need to develop 90Y/177Lu-labelled antibodies for radioimmunotherapy. A 
number of antibodies will be licensed in many member states and could be used for 
making radioimmunotherapy agents.  

• The development of PRRT with other peptides than Somatostatin analogue in pre-
clinical and clinical studies should be encouraged. 

• The main goal of IAEA’s technical programs is the transfer of new technologies and 
methodologies for both research and practical applications to developing countries 
when new tools have reached a sufficiently advanced stage of development. On this 
ground, it does not appear that current advances in alpha radionuclides therapy fit well 
with these requirements as they still necessitate important research efforts to get out of 
a strict experimental usage.  

• Focusing on radiotherapeutic agents that are already assessed for safety and efficacy, 
but not yet fully explored in a far larger population or for other potentially useful 
clinical indications may more adequately adapt to IAEA’s policy. In this context, the 
following class of therapeutic radiopharmaceuticals might be of interest: (i) bone-
seeking agents for the treatment of metastatic lesions, (ii) receptor-mediated peptide 
agents labelled with established procedures, (iii) the avidin-biotin system as applied to 
the labelling of antibodies and for the IART approach.  

• In conjunction with the above proposals, IAEA may pursue educational programs 
aimed at introducing the principles and methods of targeted radionuclide therapy in 
developing countries and to support training of students in expert laboratories and 
institutions involved in the research on therapeutic radiopharmaceuticals, particularly 
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those developing fundamental studies in the basic chemistry underlying labelling 
methods. This may ultimately stimulate studies on the fundamental chemistry of 
radioelements that are easily feasible also in less equipped laboratories, but are usually 
neglected in advanced laboratories, and may prove of high importance in suggesting 
efficient solutions for the preparation of therapeutic radiopharmaceuticals. 

 
5.3. Clinical 
 

• Most future developments of therapeutic radiopharmaceuticals will be in the context 
of combination therapies with lower toxicity and higher efficacy, but also at earlier 
stages of disease (aiming at cure by treatment of micrometastases). Identification of 
the medical need, where radiopharmaceuticals can really make a difference to 
conventional therapies, as well as evidence based medicine thereby should always 
remain in the focus. In this respect treatment of bone metastasis and expanding the use 
of loco-regional approaches have been highlighted. Therapeutic radiopharmaceuticals’ 
appropriate place within cancer treatment regimens will have to be determined 
through preclinical and clinical studies. 

• Further studies are required to standardize Peptide receptor mediated therapy (PRRT) 
increasing efficacy and reduce toxicity. This includes kidney protection, combination 
therapy approaches, optimized dosimetry and optimal fractionation.  

• Current PRRT treatment schedules are primarily aimed at palliation: tumour 
regression or stabilization, reduction of symptoms, improvement of quality of life and 
prolonging overall survival and progression-free survival, while avoiding the risk of 
side effects as much as possible. Current PRRT treatment schedules always involve 
renal protection (mostly by concomitant infusion of amino acids). The optimal 
treatment schedule has not been established so far and should be investigated in future 
studies. 

• The therapeutic window for PRRT may become wider with better efficacy (e.g. new 
peptides, combination therapy with different radionuclides, combinations with 
mixtures of peptides aimed at different receptors, combinations with chemotherapy, 
etc.) and with lower renal and/or bone marrow toxicity. Pre-clinical and translation to 
clinical research is needed to address these issues. 

• PRRT with short-range beta emitters (e.g. 177Lu) and/or alpha-emitters (e.g. 213Bi) can 
be considered for adjuvant therapy after initial (complete) surgery, aiming at a higher 
chance of cure. Pre-clinical and clinical studies are required. 

• The use of 90Y-labelled biotin for ‘avidin-biotin’ based IART (intraoperative 
avidination for radionuclide therapy) post surgical removal of breast cancer is an 
example of an effective, but simple alternative to intraoperative radiotherapy (IORT) 
based on pretargeting. Additionally locoregional application will continue to evolve as 
a major way of application of therapeutic radiopharmaceuticals.  

• Current published information on the therapeutic isotope cocktail such as 90Y- and 
177Lu-labelled peptides approach is very encouraging; however, there is still a lot of 
place for improvement in protocols of these studies. A future coordination of activities 
in this direction could be considered. 

• It would be beneficial to have preclinical and clinical studies of therapeutic 
radiopharmaceuticals focused on the greatest unmet clinical need within each member 
state.  To accomplish this, it would be of value to assess the cancer types where 
therapeutic radiopharmaceuticals might be applied within the various member states.  
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This might be done through professional organizations within the MS, such as a 
medical or cancer society.  

• The difficulty in adopting expensive therapeutic radiopharmaceuticals in developing 
nations should be addressed.  Ways to get clinical studies with an approved 
therapeutic radiopharmaceutical (not 131I; e.g. bone palliation agents or Zevalin®/ 
Bexxar®) should be explored in interested MS.  It may be possible to work with a 
manufacturer to reduce the costs and help get MS governments to offset other costs.  

• New CRPs may be directed at potentially curative, preclinical studies with 177Lu-
labelled antibodies or peptides (rather than diphosphonates) for targeting the cancer 
cells 

• PRRT should be available for clinical practice in the world. Approval of clinical 
products by FDA and EMEA and acceptance of PRRT by oncologists, 
endocrinologists and patients should be encouraged. Necessary controlled studies to 
achieve these goals should be performed as soon as possible. 

 
 
5.4. Regulatory 
 

• Radiopharmaceutical regulations (or interpretations thereof) vary considerably 
throughout the world. The major current challenge for the future of 
radiopharmaceutical development are compliance with pharmaceutical regulations, not 
radiation safety issues. There is a need for international guidelines  for  RP  
compounding  / preparation with unified  requirements  and easier  access  to  MA  
(exemptions  for  RPs). Regulatory bodies need to get unified extensive information 
regarding peculiarity of radiopharmaceuticals in respect to requirements for their 
preparation / production, use and licensing and involved risks.  

• There is need to increase the awareness of the MS with regard to the preparation of the 
registration dossier for the locally produced radiopharmaceuticals including 
information about the specific properties of radiopharmaceuticals such as the specific 
activity of injected radiopharmaceuticals.  

• Effort should be made to increase the awareness of the MS on the requirements related 
to the new radiopharmaceuticals planned for clinical trials, bringing more information 
about the current status of the regulations with regard to clinical trials with 
radiopharmaceuticals, the scope of specific requirements for the chemical and 
pharmaceutical dossier for the investigational medicinal products. Again one of the 
observations during the meeting, when the latter issue was discussed, was that the 
understanding of these issues varies significantly between the countries.  

• There is need to find a harmonized legal framework for the preparation and use of 
therapeutic radiopharmaceuticals, not all of them will have a license, even if clinically 
established and requirements for use in clinical trials is highly variable. The need for 
raising the awareness and giving support in member states has been identified and 
activities of the IAEA to support this are recommended. 

 
5.5. Dosimetry 
 

• Dosimetry remains an important part of radionuclide therapy. Further developments 
towards developing patient based dosimetry using better radionuclides, new 
approaches such as PET and further activities in better understanding the radiobiology 
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behind certain properties of radiopharmaceuticals should be initiated and supported. In 
this respect also training and education are of fundamental importance. 

• Due to the low risk of long-term side effects with current conservative PRRT 
treatment schedules there is a feeling that individual dosimetry is not necessary. 
However, individual dosimetry is necessary when maximal treatment effects with 
acceptable toxicity are aimed for. The optimal method for feasible PRRT dosimetry 
with reliable results needs to be established. 

 
5.6. General 

 
• An educational programme which results in a greater understanding of the biological 

issues important in TRNT should be pursued among the scientific community working 
in this field, many of which have a chemistry rather than biology background. 
Although it may not be appropriate to establish research programmes (such as CRPs) 
that solely concentrate on development of new molecular targets, any further 
programmes developed within the TRNT framework should address the importance of 
this topic. With that in mind consideration should be given to inclusion of important 
cell-biology related techniques in any such research programme such as Western 
blotting, FACS analysis, cell-cycle analysis etc.  

• Meetings to update the progress made in the area of therapeutic radiopharmaceuticals 
should be held at regular intervals to reassess the need for additional CRPs, 
particularly with regards to potential new therapeutic radiopharmaceuticals containing 
alpha-emitting radionuclides.  

• A TM might be set up to focus on the regulatory hurdles to getting therapeutic 
radiopharmaceuticals approved by US, European and developing countries.  Such a 
meeting might be used to evaluate the differences in requirements between the 
countries.  If such a document is published, it might be used to get regulatory agencies 
to reassess their requirements and make them more consistent.    

• New CRP on the development of technologies for production of no-carrier-added 
radionuclides (for therapy but also for diagnosis) involving modern separation 
techniques and automation should be initiated. 

• Update the database on the research reactors and availability of enriched target 
materials. Database on the cyclotrons would also be useful.  

• Organization of the workshop/training course on the characterization of new 
compounds planned for clinical application as well as preparation of the registration 
dossier for the product with a well established use is recommended. Include 
information on the pre-clinical imaging.  

• Establishing the interregional reference laboratories, where MS could seek help on 
certain issues: standards and standardized methods for impurities evaluation in 
radiopharmaceuticals, standards for stability testing etc.  
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PRODUCTION OF INNOVATIVE RADIONUCLIDES AT ARRONAX 

F. Haddad, M. Chérel, M. Bardiès, S. Auduc, R. Devilder, Y. Thomas, J.F. Chatal, J. Barbet, 
J. Martino 

Subatech – GIP ARRONAX - Université de Nantes 
haddad@subatech.in2p3.fr 

ARRONAX, acronym for "Accelerator for Research in Radiochemistry and Oncology at 
Nantes Atlantique", is a high energy and high intensity cyclotron. It will turn into operation in 
September 2009 in Nantes (France). It is mainly devoted to the production of radionuclides 
for medicine. 

A priority list based on the capability of the machine as well as on the need expressed by the 
European medical community through a questionnaire has been set. It contains isotopes for 
imaging (82Sr/82Rb and 68Ge/68Ga generators and 64Cu, 44Sc, 55Co) and for therapeutic use 
(67Cu, 47Sc and 211At). In this list, a special attention has been paid to dosimetry, both by 
giving lower scores of interest to radionuclides with undesirable emissions, such as high 
energy gammas, and by promoting β+/β- couples of radionuclides (64Cu/67Cu and 44Sc et 
47Sc). Indeed, pre-therapeutic dosimetry is essential in the development of new radiolabeled 
therapeutics and PET imaging should prove more precise and accurate in calculating radiation 
doses received by critical organs and tumors. 

Arronax and its partners will also devote a large effort to develop targeted alpha-radionuclide 
therapy. In particular, a radioimmunotherapy project using 211At coupled to a specific 
monoclonal antibody will start this autumn to treat prostate cancer patients with high risk of 
relapse. ARRONAX is an important part of the project since it will have to produce astatine 
in large amounts on a regular basis. 
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PRODUCTION OF THERAPEUTIC RADIOISOTOPES IN THE BR2 HIGH-FLUX 
REACTOR 

B. Ponsard 

Radioisotopes Project Manager, BR2 Reactor, SCK•CEN, Boeretang 200, B-2400 Mol – Belgium| 
E-mail: bponsard@sckcen.be 

Research reactors continue to play an important role in the production of radioisotopes for 
various applications in nuclear medicine: diagnostic, therapy and bone pain palliation. 99mTc 
remains the most widely used radioisotope for diagnostic in nuclear medicine. About 80% of 
the nearly 25 million radiodiagnostic procedures are carried out annually with this single 
isotope. This percentage share is expected to remain as such in the near future due to its 
availability from the convenient and cost-effective 99Mo/99mTc generator.  

Since internal "Targeted Radionuclide Therapy" has been considered as a good alternative to 
gamma external beam radiotherapy (60Co, ), a fast growing demand for the production of beta 
emitting radionuclides has been observed at the reactor sites. New radionuclide production 
routes and new radiopharmaceuticals have been developed to deliver selective radiation doses 
to target tissues in order to minimize damages in healthy tissues. In addition to the existing 
use of 131I in the treatment of hyperthyroidism and metastatic thyroid cancer, the beta emitters 
have found applications in the treatment of primary cancer by localized irradiation (192Ir) or 
by the selective administration of radiopharmaceuticals (177Lu, 188Re, 90Y, 32P, 166Ho etc.). 
The beta emitters are also utilized for pain palliation (186Re, 188Re, 153Sm, 89Sr, 90Y, 177Lu, 
169Er etc.), providing significant improvement in the quality of life of cancer patients suffering 
from pain associated with bone metastases as well as for the treatment of joint pain 
(rheumatoid arthritis). Some radionuclides, encapsulated in a titanium welded capsule, 
decaying by electron capture with the emission of characteristic X-rays find applications in 
brachytherapy (125I, 103Pd etc.) for the treatment of prostate cancer by local seeds 
implantation.  

The next step in the development of new radiopharmaceuticals could be the "Targeted Alpha 
Therapy" as localized alpha particle energy deposition minimizes damages to healthy tissues. 
The ongoing studies are showing great promise as treatment of leukaemia (213Bi) and bone 
pain palliation (223Ra). These radionuclides can be made available from a generator 
(225Ac/213Bi, 227Ac/223Ra). This very attractive way to produce radionuclides is offering a new 
dimension to the availability of therapeutic radiopharmaceuticals since repeated elution 
provides many patient doses in a very cost-effective way as it has been already demonstrated 
by the 99Mo/99mTc, 188W/188Re and 90Sr/90Y generators. 

The BR2 High-Flux reactor, operated by the Belgian Nuclear Research Centre, is considered 
as a major facility for the routine supply and the development of new radioisotopes for 
applications in the nuclear medicine: 99Mo (99mTc), 131I, 133Xe, 192Ir, 186Re, 153Sm, 169Er, 90Y, 
32P, 188W (188Re), 125I, 177Lu, 89Sr, 117mSn, 60Co, ... Special efforts are also expected to be made 
in the near future for the production of 227Ac by irradiation of 226Ra targets to supply 
227Ac/223Ra generators. 
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THERAPEUTIC RADIONUCLIDES PRODUCTION USING HIGH FLUX 
RESEARCH REACTORS SM AND BOR-60: STATUS AND PROSPECTS 

R. Kuznetsov, Y. Toporov 

JSC “State Scientific Center – Research Institute of Atomic Reactors”, Dimitrovgrad-10, 433510, 
Russia 

Email: R-Kuznetsov@niiar.ru 

State Scientific Center “Research Institute of Atomic Reactors” (RIAR) is a leading 
Institution of Russia in the field of medical radionuclides production. It is provided by six 
research reactors operated by Institute, including high flux research reactor SM and fast flux 
reactor BOR-60, and full set of radiochemical and maintenance facilities, allowing 
handling/processing of high activity materials, radioactive wasties removal, etc. Currently 
RIAR produces a set of therapeutic radionuclides requested by nuclear medicine community 
and radiopharmaceuticals producers: I-131, Sr-89, W-188, Sn-117m, I-125, Lu-177. 

Iodine-131 is produced since 2000 by irradiation of tellurium targets in the SM reactor 
positions with moderate neutron flux followed by “classical” sublimation processing. 
Parameters of the I-131 product fully complies the radiopharmaceuticals requirements, 
production capacity is approx. 100-120 Ci/week (at delivery). 

High-flux positions of the SM reactor are used for production of W-188 and Sn-117m. 
Irradiation during 1 reactor cycle (20 eff.days) provides specific activity of W-188 at >4,5 
Ci/g level (at delivery), and specific activity of 20-22 Ci/g (at EOB) for Sn-117m. W-188 is 
used for Re-188 generators loading. RIAR production capacity is estimated at the level of 
150-200 Ci/year that is higher than current needs. Sn-117m was produced till 2008 and it was 
used in pre-clinical trials for bone metastases treatment. There are no current requests from 
medical community for this isotope. 

Strontium-89 is produced in large scale for more than 9 years by irradiation of natural yttrium 
oxide in fast flux reactor BOR-60. The principal features of our approach are high specific 
activity of Sr-89 (> 3000 Ci/g) and low Sr-85 and Sr-90 impurities content (less than 0.0002% 
each). The product is sucessfuly supplied for radiopharmaceuticals production used for 
palliation treatment of patients with bone metastases. 

Relatively new developments carried out at RIAR during last 3 years are I-125 and Lu-177 
production facilities. Both radionuclides are produced using SM reactor. For I-125 production 
a loop-type facility was constructed. It provides high radionuclide purity of the product and 
current production capacity up to 50-60 Ci/month. The facility is currently upgraded aiming 
to increase its capacity. Lu-177 is produced by irradiation of Yb-176 targets. That gives 
advantage in specific activity reaching 80000-90000 Ci/g. The facility for irradiated targets 
reprocessing is nearly ready for full scale production capacity that should reach 150-200 Ci 
per year. 

Amongst new products that are developed by RIAR is a set of alpha-emitters produced by 
irradiation of Ra-226 – Th-228, Th-229, Ac-227, Ac-228 – mother radionuclides, generating 
daughter Ac-225, Ra-223, Ra-224, Bi-212, Bi-213.  The report will review details and 
features of production processes. Parameters of products will be presented in details. 
Prospects of production will be discussed. 
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PRODUCTION OF HIGH SPECIFIC ACTIVITY LUTETIUM 177 BY THE 
INDIRECT ROUTE  

E. Aliaga1, J. Miranda1, M. Benites, B. Ramos1 

1Planta de Producción de Radioisótopos, Instituto Peruano de Energía Nuclear, Av. Canadá 1470, 
Lima - Perú 

We present a method to obtaining 177Lu from a target of Yb 96% enriched in the isotope 176. 
Ytterbium contaminant was removed from the lutetium solution through a LN2 resin 
(Eichrom) column (8.9 cm x 0.6 cm diameter) used as adsorvent and eluted with 1.0 or 1.5 M 
HCl (0.1 mL / min). The degree of purification was monitored by multichannel gamma 
spectrometry measuring the activities at the 208 keV peak (177Lu) and at the 396 keV peak 
(175Yb). When the column was eluted with 1 M HCl it would be possible to obtain 177Lu free 
of 175Yb in a single step purification process as demonstrated by multichannel gamma 
spectrometry. After 50-60 mL of elution, when 175Yb was no detected in the eluted solution 
the elution was carried out with 4 M HCl in order to remove 177Lu in a small volume. 
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Lu-177 THERAPEUTIC RADIOPHARMACEUTICALS: FROM SYNTHESIS TO 
CLINICAL APPLICATION IN URUGUAY 

V. Trindade1, P. Cabral1, P. Audicio1, V. Calzada1, M. Cabrera1, M. Fernández1, M. 
Tassano1, M. F. García1, X. Camacho1, G. Rodríguez1, R. Ferrando2, J. P. Gambini2, J. 

Gaudiano2, A. Robles1, P.Oliver1, H. Balter1 

1CIN- Faculty of Sciences, 2Nuclear Medicine Center Faculty of Sciences, University of the Republic, 
Montevideo, Uruguay 

Email: jbalter@cin.edu.uy 

Targeted therapy with radiopharmaceuticals is an emerging modality for the treatment of 
many cancer patients either alone or in conjunction with other modalities like surgery and 
chemotherapy due the possibility of delivering doses selectively to the tumor and treating 
widespread multiple metastases. 

The development of new radiopharmaceuticals for cancer therapy based on different 
molecules which may be labelled with beta-gamma emitters is an outstanding field of 
research, having application in the therapy of a wide variety of tumors like those of 
neuroendocrine origin, lymphoma, breast cancer, melanoma, and bone metastasis derived 
from primary tumors. 

In particular, the research with new radionuclides like Lu-177 is advancing due their promising 
physical and chemical properties like its half life of 6.7 days, relatively low ß- energy (149 
and 497 keV) rendering a range of tissue penetration from 0.5 to 2 mm and γ emission (113 
and 208 keV). These properties allow to obtain scintigraphy images of the biodistribution, to 
perform dosimetric calculations and to produce the desired therapeutic effect specific to its ß-
emission in small sized tumors or metastasis. 

The other key factor are the carrier molecules that have a specific bind to cancer cells through 
specific interaction with different cellular components, such as receptors, surface antigens or 
physiological uptake. 

Our objective was to search molecules directed to those targets, and design the strategy for its 
labeling, radiochemical purity analysis, stability evaluation, biological behavior studies that 
involves from in-vitro bioactivity studies, metabolism and processing cellular analysis, 
determination of the route and rate of excretion, studies of the biodistribution using in vivo 
and ex vivo techniques, imaging in animal models,  dosimetry studies to fully characterize the 
radiopharmaceuticals in order to apply in patients. 

Among them we have research the following molecules: Somatostatin analogs for treatment 
of neuroendocrine tumors (DOTA-TATE), KCCYSL for melanoma, monoclonal antibodiy 
anti-hR3 for EGFr expressing tumors, monoclonal antibody anti-CD20 for treatment of Non 
Hodking Lymphoma, humanized anti-human VEGF-A monoclonal antibody (Bevacizumab) 
for angiogenesis control, EDTMP as bone pain palliating agent, dendrimers as carriers of 
radionuclides to tumors. 

In the case of antibodies and dendrimers the first step is the conjugation of DOTA to the 
molecule and the purification of product. 
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The labeling conditions were optimized in each case controlling the radiochemical purity by 
chromatographic methods (i.e. HPLC-RP, gel permeation, ITLC) and physicochemical 
parameters. Stability was studied in vitro and in vivo. Receptor and cell studies were done for 
DOTA-TATE and antiCD-20 antibodies. Biodistributions were done in normal mice and in 
tumor induced models (C57 black mice previously inoculated with B16F1 cells and 
spontaneous adenocarcinoma). From these data dosimetry evaluation was accomplished using 
Monte Carlo Simulation method, Subroutine Penelope. 

The radiochemical purity of the radiopharmaceuticals labeled in optimized conditions was 
higher than 95% in all cases, but for antibodies a purification step was required. Receptor and 
cell binding studies were very valuable to assure the specific binding of DOTA-TATE and 
anti-CD20. 177Lu-EDTMP and 177Lu-DOTA-TATE are in the early stages of clinical 
evaluation in patients through the development of a cold kit formulation and a harmonized 
clinical protocol in the case of EDTMP and the realization of the first therapeutic dose in a 
patient with a neuroendocrine pancreatic metastatic tumor in the case of 177Lu-DOTA-TATE 
with promising results. 

Aknowledgements: A. Brugnini and A Chavalgoity, Instituto de Higiene, Facultad de 
Medicina; IAEA; MURR; ANII; PEDECIBA QUIMICA; CASMU; Roche. 
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THE IAEA ACTIVITIES ON SUPPORTING DEVELOPMENT OF THERAPEUTIC 
RADIOPHARMACEUTICALS AND CAPACITY BUILDING IN MEMBER STATES 

M.R.A. Pillai, M. Haji-Saeid, J. Zaknun, N. Ramamoorthy 

Department of Nuclear Sciences and Applications 
International Atomic Energy Agency 

Email: M.R.A.Pillai@iaea.org 

The IAEA activities on supporting development of therapeutic radiopharmaceuticals are 
focused on identified radionuclides that can be produced in large quantities and making use of 
carrier molecules which can be synthesized locally or procured from commercial sources or 
already available in MS from other related programs. The main emphasis is on 90Y and 177Lu 
based products, which cover the hard beta energy and soft beta energy range respectively, and 
also since both these radionuclides can be produced in large quantities with very high specific 
activity and high radionuclidic purity. The services to MS are provided through implementing 
Coordinated Research Projects (CRP), Technical Cooperation (TC) projects, technical 
meetings and regional training courses in addition to documenting practically useful technical 
information related to these products though IAEA publications. The CRP is a group activity 
in which nearly 15 participants from as many countries come together to work towards an 
identified objective. Two of the completed CRPs in this area are: (i) Comparative evaluation 
of therapeutic radiopharmaceuticals (2002-2005) that focussed on the development of ‘in 
vitro’ and ‘in vivo’ techniques for evaluating new generation therapeutic 
radiopharmaceuticals; and (ii) Development of generator technologies for therapeutic 
radionuclides (2004-2007) that addressed technologies for 90Sr/90Y and 188W/188Re generators 
and which can be easily adapted by MS. 

The participants in the CRP on ‘Comparative evaluation of therapeutic radiopharmaceuticals’ 
used the somatostatin analogue, DOTATATE as the lead molecule for developing 
radiopharmaceuticals and testing the efficacy by in vitro biological assays and animal 
biodistribution studies. A significant outcome of the CRP was that 177Lu-DOTATATE 
therapy is now practised in several of the CRP participating countries including Brazil, India, 
Italy, and Poland. 

The major outcome of the CRP on ‘Development of generator technologies for therapeutic 
radionulclides’ is the development of a novel technology generator for 90Sr/90Y, an 
electrochemical generator system (named by the developers as ‘Kamadhenu’, a mythological 
Indian cow that provides perennial milk supply) for the preparation of 90Y of high purity for 
therapy [1]. The further development of the system into an automated module has been done 
by a collaborating commercial entity, Isotope Technologies Dresden (ITD), Germany, and the 
prototype module will be installed shortly in Cuba under an IAEA technical cooperation 
project. The development of ‘extraction paper chromatography (EPC)’ for estimation of ppm 
levels of 90Sr in 90Y is another significant achievement under the same CRP [2]. EPC is a 
novel analytical technique with potential for application in other fields. All such research 
outputs of the CRP are published as IAEA documents and can be freely downloaded [3, 4]. 

Currently there are two other ongoing CRPs: (i) Development of 177Lu radiopharmaceuticals 
for radionuclide therapy (2006-2009) and (ii) Development of therapeutic 
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radiopharmaceuticals using 90Y and 188Re (2008-2011). Thirty one research groups from 
across the world are participating in these CRPs, which are investigating the development of 
therapeutic radiopharmaceuticals for bone pain palliation, solid tumours including 
hepatocarcinoma as well as agents for radiosynoviorthesis. Major outcomes of the CRP on 
177Lu are the commencement of the production of 177Lu in over a dozen reactors in the 
participating countries and translation of 177Lu-EDTMP into a cost effective therapeutic 
radiopharmaceutical, following extensive pre-clinical evaluation studies [5], and through a 
joint CRP with the IAEA Nuclear Medicine Section that is focussing on the multicentric 
Phase I/II clinical trial of 177Lu-EDTMP in metastatic prostate and breast cancer. 

The IAEA supports currently 14 technical cooperation projects in MS dealing with 
implementation of therapeutic radiopharmaceuticals including therapeutic radionuclide 
generators. Recently, the IAEA conducted a regional training course on ‘Therapeutic 
radiopharmaceuticals, production, QA/QC and implementation of GMP’ under a regional 
project in the Asia-Pacific region in which 25 participants form 17 MS participated. 

Acknowledgements: The IAEA thanks all the participants in the various CRP teams and their 
organisations, as well as all the consultants and collaborators, for their contributions and 
cooperation to the IAEA activities reported in this paper. 
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LUTETIUM-177 – BROAD PRODUCTION CAPABILITIES ARE EXPECTED TO 
STIMULATE CLINICAL APPLICATIONS OF THIS IMPORTANT THERAPEUTIC 

RADIOISOTOPE 

F. F. (Russ) Knapp, Jr. 

Nuclear Medicine Program, Oak Ridge National Laboratory (ORNL), Oak Ridge, TN, USA 
Email: knappffjr@ornl.gov 

Lutetium-177 (Lu-177) is of broad interest for therapeutic applications where the deposition 
of localized radiation can benefit from the limited soft tissue penetration of the 0.497 MeV 
beta particle (max. = 2.76 mm). Examples of Lu-177 therapeutic strategies include treatment 
of small SS2/SS5-expressing tumors with targeted peptides and radiosynovectomy. Emission 
of a 208 keV gamma photon (11 %) allows imaging for evaluation of localization and 
biokinetics, and for targeting applications, correlation of uptake with therapeutic response. A 
broad spectrum of research reactors with even modest thermal neutron flux (e.g. > 1 x 1014) 
can produce carrier-added Lu-177 with sufficient specific activity (SA) > 10 Ci/mg Lu by the 
“direct” approach by irradiation of Lu-176. For low SA applications, thermal flux of > 1013 in 
low-medium flux reactors provides sufficient SA (> 0.5 mCi Lu-177/mg) for preparation of 
Lu-EDTMP for synovectomy. Although relative Lu-177m/Lu-177 activity levels from 
“direct” production can be very low (> 10-5), the Lu-177m impurity levels can present an 
issue with radioactive waste storage requirements at some institutions.  The alternative 
“indirect” approach using decay of reactor produced ytterbium-177 available from by neutron 
irradiation of enriched Yb-176 targets provides no-carrier-added (nca) Lu-177 (theoretical SA 
= 109 Ci/mg Lu).  Purification of the microscopic levels of nca Lu-177 from macroscopic Yb 
levels at the high multi Curie production level is a more challenging approach, since 
production yields are relatively low even at high thermal flux (e.g. < 300 mCi Lu-177/mg Yb 
at > 2 x 1015 neutrons/cm2/sec). In addition, high mass Lu/Yb separation is especially time 
consuming, can generate significant waste, and the relatively expensive Yb-176 target 
material (> 97%, ~ $ 20/mg) must be recovered, re-purified and used for subsequent target 
preparation.  However, a number of effective methods for the Lu/Yb separation and Yb 
recovery have been reported, and even though the effort and expense increase exponentially 
as higher levels of nca Lu-177 are required, with more experience, these methods would be 
expected to be optimized and automated.   Effective clinical results of targeted therapy 
exemplified with Lu-177-DOTAT-TOC and other peptides have been widely reported for 
neuroendocrine tumors.  For this application, SA of probably > 10 Ci/mg is required.  For 
arthritis therapy with Lu-177-EDTMP, much lower SA is sufficient (~ 0.5 Ci Lu-177/mg). 
Although not yet realized, the unique opportunity to produce high activity levels/high SA Lu-
177 essentially anywhere in the world would be expected to catalyze broader clinical use of 
Lu-177. In fact, this is a unique situation where production capabilities for both HSA and 
LSA Lu-177 far exceed current demand. The goals of this presentation are to discuss the 
issues associated with the routine production and processing of high activity levels of 
lutetium-177 and current and expected clinical applications. 

Research at the Oak Ridge National Laboratory (ORNL) is supported by the U.S. Department 
of Energy (DOE) under contract DE-AC05-00OR22725 with UT-Battelle, LLC. 
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AN OVERVIEW OF THE PRODUCTION, QUALITY CONTROL AND 
FEASIBILITY OF USING 90Y AS A THERAPEUTIC RADIONUCLIDE 

M. Venkatesh 
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Email: meerav@apsara.barc.ernet.in 

90Y is increasingly accepted world wide as a radionuclide for in-vivo therapy owing to 
attractive decay features (T1/2 2.67 d; Eβ max 2.28 MeV) and viable production feasibility in 
high specific activities. 90Y is most often recommended for treatment of large tumour lesions 
as the hard β rays are effective in delivering therapeutic dose to large volume. However, 
possibility of high radiation dose to the critical organs such as bone marrow and kidneys is an 
important concern that is given due weightage while designing therapy using 90Y.  

The best route to avail 90Y for therapy applications is from 90Sr, though neutron actiation of 
natural 89Y(100% abundance) is feasible. The absorption cross section σ is barely 1.38 b, 
resulting in low specific activity 90Y which is useful for limited applications. The possibility 
of obtaining 90Y through a radionuclide generator as the daughter of a long lived parent 90Sr 
(T1/2 28.9 y) is a major advantage that enables access to high specific activity 90Y. 
Transporting the 90Y activity to a user institution from a centralized production facility is 
reasonably feasible and this facilitates its wide spread use. Several generator designs have 
been developed and reported to access 90Y. Solvent extraction using a chelating molecule in 
an organic solvent (0.3M HDEHP/n-dodecane), column chromatography using ion exchange 
resins (cationic as well as anionic; Dowex-50×8; AG 50×16; Aminex-A5) or inorganic 
exchanger, membrane based separation using chelating ligand impregnated membranes 
(CMPO in , electrochemical separation are some of the methods reported.  Limitations such as 
elution of 90Y after initial elution of 90Sr, availability of 90Y as a chelated complex which then 
has to be treated to enable labeling the molecule of interest, possibility of obtaining small 
quantities of 90Y owing to radiolytic damages to the separation system components, paucity of 
special automation gadgets for handling the high activities remotely, have been some 
impediments that have delayed the availability of large scale 90Sr/90Y generators and 
consequently the wide spread use of 90Y. Further, the bone seeking nature of the long lived 
90Sr+2 has resulted in the very low tolerance limits for 90Sr (≤ 74 MBq life time dose), 
necessitating use of extremely pure 90Y. Considering that a patient may require treatment with 
~3.7 GBq 90Y several times in life-time, the permissible levels for 90Sr is well below 10-4%. 
Hence, a very clean separation of 90Y from 90Sr is essential and it is also essential to ensure 
the quality of the 90Y using a reliable, real-time quality control technique. Absence of γ rays 
in both the nuclides, makes it difficult to quantitate the nuclides, particularly when sub-ppm 
levels of 90Sr has to be measured in 90Y. Very few methods have been reported for QC of 90Y. 
Measurement of 90Sr levels after decay of 90Y, though simple, does not enable QC before 
clinical use. Use of specific crown ether based resin for retention of trace levels of 90Sr 
enables real-time QC, but is cumbersome and expensive.  

In this context, the IAEA’s CRPs on “The Development of Therapeutic Radionuclide 
Generators” and it’s sequel “Development of radiopharmaceuticals based on 188Re and 90Y for 
radionuclide therapy” have been highly impactive and heartening. Two types of novel 
generators, namely the “Supported Liquid Membrane” based generators and the 
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“Electrochemical Generators” have been developed by us. The latter one, named as 
“Kamadhenu”, the mythological cow that yields milk eternally, has been developed further as 
an automated model and ready for deployment. QC of 90Y for quantitative estimation of sub-
ppb levels of 90Sr using a novel simple technique of ‘Extraction Paper Chromatography” has 
also been achieved by us, primarily as a result of the CRP. These important developments 
have enabled several Member States to start/augment their programs on 90Y based 
radiopharmaceuticals, which is a significant achievement of a CRP, thanks to the IAEA. 
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Although the use of radionuclides for therapeutic purposed goes back to about 60 years ago, 
but interest in this therapy is rapidly increasing in the field of nuclear medicine. The 
introduction and acceleration of such techniques require the continuous availability and 
acceptable cost of therapeutic radionuclides and radiopharmaceuticals. 

Most of therapeutic radionuclides, are reactor (Ho-166, Lu-177 Sm-153, I-131…) Produced 
ones which makes the generator produced radionuclides such Y-90, is more convenient to 
start with for developing therapeutic radiopharmaceutical in countries where there are no 
reactor. 

Ytrium-90 is an important radionuclide for radioimmunotherapeutic and for 
radiosynviorethesis. It is pure single high energy beta emitter (Ep=2.3 Mev), decaying to 
stable Zirconium -90 with half-life of about 64 hrs. It is availability, as generator products 
resulting from the decay of the long lived strontium-90 ( T1/2  = 28y)has increased its 
importance in nuclear medicine and accelerated its applications. 

The AECS has initiated wide Programme for development and production of 
radiopharmaceuticals for covering local and regional demands of nuclear medicine. 

Existed facility including Cycltron ( cyclon 30 IBA), technetium -99m generator and kits 
production lines and iodin-131 dispensing and labeling plant, needs to be enhanced by more 
therapeutic products. The absence of nuclear reactor for radionuclide production makes the 
generator technology to be a convenient choice. Therefore, Ytrium-90 radiopharmaceuticals 
were targeted and 90Sr/90Y generator was developed for these purposes. 

Several designs of Ytrium-90 generator were developed according to different separation 
techniques, such as solvent extraction, ion exchange, supported liquid membrane and 
electrodeposition, and each has deferent characterizations and Performances. We found that 
extraction Chromatography by 18C6 Crown ether loaded on Teflon resins (Sr-Spec) is very 
convenient for Production of ultra high pure ytrium-90. 

Considering the specific characterizations of  Sr-Spec resin which Show, that the higher 
distribution  coefficient of strontium laoke place in 3M nitric acid solution (Fig 1.), while it 
drops dramatically with decreasing the acidity. The distribution coefficient of Yttrium 90 at 
this concentration is almost Zero. This makes the Separation of Yttrium from strontium in 3M 
nitric acid is near ideal. 

Column study showed that almost complete separation of Yttium-90 from strontium -90 could 
be achieved by using column (0.8   X    31   cm) containing about 3gr of Sr-Spec resin. But 
due to technical Considerations such as recovery, of striontium-90 minimizing the volume of 
the resin was distributed a more than one column. 
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Separations were carried out on one, two and three columns, (0.4x21Cm) each contains one 
gram of resin are used as safety columns for further purification. For purification we used 
(AG 50W X12) resin to remove any traces of organic materials and trace element present. 5 
mCi was taken from yttrium90 for quality control using Sr –spec column. The breakthrough 
of 90Sr was more than 10-7. 

Figures (2-3) show the elution curves. The eluate volume increases with the number of 
columns but strontium break through decreases. 

These results led to consider the three column designees. 

 

Elution curve for y90 eluted by 3M HNO3 solution 
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In recent years, radioimmunotherapy (RIT) has become a highly promising oncologic 
therapeutic modality with established clinically efficacy, particularly in the therapy of 
haematological malignancies. 

Rituximab, a chimeric monoclonal antibody targeted against the cluster designation (CD20) 
antigen was labelled with 131I used in the treatment of B cell non Hodgkin’s Lymphoma 
(NHL), B cell leukemia. In this study, the monoclonal antibody Rituximab was labelled with 
131I using chloramin T method (ChT). The optimized ChT concentration for the oxidation of 
185MBq of Na131I solution and 750�g of Rituximab was 20�g/20�l. The reaction time was 3 
minutes at room temperature. The labeling reaction has stopped using sodiummetabisulphite 
(SMB). Labelling efficacy was controlled by ITLC. The reaction mixture was purified 
through the Sephadex G-25 PD10 Pharmacia column. The collected 131I-Rituximab was 
filtered through a 0.20�m milipore sterile filter. The radiochemical labeling yield was more 
than 95%. Radiochemical purity of the radiopharmaceutical after purification was more than 
99%. The product has been passed the test for sterility, bacterial endotoxins, to be sufficiency 
invivo and invitro stable and stability after labeling. 131I-Rituximab was used for 
radioimmunoscintigraphy biodistribution  in clinical. 

Rituximab was bound to the DTPA chelating agent using Hnatowich methods. Cyclic 
anhydride DTPA (cDTPAa, 0.1 mg/ml) was dissolved in chloroform and was degassed under 
a stream of nitrogen for 30 min. Rituximab solution in 0.05M bicarbonate buffer was 
immediately added and mixed for one minute at room temperature. The antibody Rituximab 
at different concentration (5mg/ml and 10mg/ml) was coupled with the cyclic DTPA 
anhydride, at molar ratios (cDTPAa : Rituximab) of 1:1, 3:1, 5:1, 10:1 and 20:1. The 
conjugation DTPA-Rituximab mixture was labelled with Y-90 and purified and determinate of 
coupling efficiency. Coupling efficiency of cDTPA - to - Rituximab molar ratios of 1, 3, 5, 
10, 20 at concentration of 5mg/ml and 10mg/ml Rituximab was around 85,0 - 53,5% and 82,2 
- 44,2%, respectively. A 70% coupling efficiency at a 3:1 molar ratio results in an average of 
2 groups per molecular. The conjugation mixture was diluted to about 0.2 ml with the 
bicarbonate buffer and loaded onto a PD-10 column (Sephadex G-25, Pharmacia, Biotech). 
After purification, the conjugation DTPA-Rituximab was collected and labeled with Y-90 in 
0.5M acetate buffer, pH 5, at room temperature (90Y obtained from 90Sr/90Y generator based 
on Supported Liquid Membrane). The labeling yield was about 99%. The radiochemical 
purity of 90Y-DTPA-Rituximab was determined by ITLC and developed in 0.1M acetate at 
pH6 as mobile phase. Radiochemical purity of 90Y-DTPA-Rituximab was more than 99%. 
The radiopharmaceutical has been tested for sterility, apyrogenicity and biodistribution.  

These are potential products for the uses in diagnosis and therapy of non-Hodgkin-lymphoma. 
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Introduction: Somatostatin receptors have been identified in different kinds of tumors such as 
neuroendocrine tumors and tumors of the central nervous system, breast, lung and lymphatic 
tissue making these receptors potential targets for radionuclide diagnostics and therapy. These 
observations have served as the biomolecular basis for the clinical use of radiolabeled 
somatostatin analogues which, at present, are of great interest in nuclear medicine for 
diagnostic and peptide receptor radionuclide therapy (PRRT) applications. There are only a 
few treatment modalities for metastasized neuroendocrine gastroenteropancreatic (GEP) 
tumors. Besides surgery, (chemo)-embolization, chemotherapy, and treatment with 
somatostatin (SST) analogs, peptide receptor radionuclide therapy (PRRT) offers therapeutic 
strategy, as the majority of GEP tumors possess somatostatin receptors (SSTRs). Somatostatin 
analogs featuring a DOTA-chelator can be radiolabeled with the β-emitters radioisotopes, 
Yttrium-90 (90Y) and Lutetium-177 (177Lu) for PRRT. Analogs frequently used for therapy 
are: [DOTA-Tyr3]-octreotide and [DOTA-Tyr3]octreotate. In the latter compound, the alcohol 
threoninol at the C-terminal of the octreotide has been replaced by the natural threonin amino 
acid.  This alteration resulted in an analog: (Tyr3-octreotate), which showed increased affinity 
for sst2, compared to both [Tyr3]-octreotide and [Phe1]octreotide “in-vitro” and “in-vivo”. 
Clinical studies in patients with different SST-positives tumors proved advantages of [177Lu-
DOTA-Tr3]-octreate for therapy. PRRT with radiolabeled somatostatin analogs was shown to 
be effective in patiens with SST2-positive-size reduction, improving quality of life and 
survival.  

Objective: The aim of this work was to present the production and the quality control of 
177Lu-Tyr3---octreotate, using DOTA (1,4,7,10-tetrazacyclododecane-N,N´,N”,N´”-tetra acetic 
acid) as chelating agent at the Radiopharmacy Directory, IPEN-CNEN/SP. The process was 
developed and validated in a “hot-cell” under cGMP conditions.  

Materials and Methods: The labeling was performed in a “hot-cell” with 177LuCl3 (Lutetium 
trichloride) and peptide (0.4 mg DOTATATE; 42 mg gentisic acid and 210 mg ascorbic 
acid/mL sodium acetate buffer pH 4.5) from IDB-The Netherlands, using 
peptide:radionuclide molar relation 2:1, at 82-83 ºC for 30 minutes. After cooling, 1 mL of 
DTPA solution (4 mg DTPA / 3 mL 0.9% NaCl) was added.  The volume was completed 
until a desirable radioactive concentration (approximately 7,400 MBq/ mL) with 0.9% sodium 
chloride solution, under aseptic conditions and sterilized through 0.2 μm Millipore filter. The 
doses were fractioned according to demand in sterile vials. 

Quality Control: The radiochemical purity was determined by ITLC-SG (Instant thin Layer 
Chromatography-Silica Gel) in 0.1 mol/L sodium citrate, pH 5.5, as solvent. The labeled 
peptide has retention factor (Rf) of 0.1–0.2 and the free radionuclide migrates with the solvent 
front Rf = 1.0. Radiochemical purity was also determined using C18 Sep-Pak cartridge 
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(Waters, USA). The free radionuclide was eluted with 5 mL of 0.1 mol/L acetate buffer pH 
5.5 and the labeled peptide with 5 mL of methanol. The HPLC (High Performance Liquid 
Chromatographic) system (LC 20AT Prominence) (Shimadzu, Japan) was composed by two 
pumps, autosampler, system controller and radiometric detector (Bioscan). The analysis was 
performed at room temperature with a Shim-Pack VP-ODS column (250 x 4.6 mm, 5 µm). A 
10 µL sample volume was injected and 1.0 mL/min flow rate was applied. The gradient 
consisted of a mixture of acetonitrile and water with 0.1% trifluroacetic acid (TFA) for 30 
minutes. Each sample was analyzed in triplicate.  The stability of the final product was 
evaluated by ITLC-SG immediately, after 24 and 72 hours under refrigeration. Sterility and 
pyrogen tests were performed by the microbiology procedures in different culture media and 
the “in-vitro” Limulus(LAL) test, respectively.  

Results: The labeling efficiency (mean ± standard deviation (SD)) determined by ITLC-SG 
were (99.89 ± 0.06)%, (99.71 ± 0.24)% and (99.56 ± 0.11)%, immediately, after 24 and 72 
hours, respectively. HPLC analysis showed labeling average efficiency of (99.98 ± 0.09)% 
and retention time (Rt) of the product in 14.74 minutes. Both methods gave similar results for 
radiochemical purity. The stability of 177Lu-DOTA-Octreotate, labeled with (45,732 ± 
3,574)MBq of 177Lu, (28.38 ± 4.71) MBq/µCi specific activity, was high even 72 hours 
under refrigeration, radiochemical purity >99.50% determined by ITLC-SG assay. Sterility 
and pyrogen tests were negative in all delivered vials. The methods were validated at the 
Radiopharmacy Directory, IPEN - CNEN/SP and distributed to authorized hospitals in Brazil. 

Conclusion: The labeling process in “hot-cell” and quality control procedures under cGMP 
conditions, have been successfully developed and validated at the Radiopharmacy Directory 
of IPEN–CNEN/SP. In the first semester of 2009, 57,350 MBq of 177Lu-DOTA-Octreotate 
were distributed with specific activity (28.38 ± 4.71)MBq/µg, in 28 batches. Using the 
suitable methodology it is possible to provide high quality peptide radiopharmaceutical for 
clinical use for PRRT in Brazil. 
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Introduction: 177Lu labeled DOTA-TATE, a somatostatin analog, is presently being 
considered as a promising agent for the treatment of patients suffering from inoperable 
neuroendocrine tumors which over-expresses somatostatin receptors. One of the challenges 
involved in carrying out targeted tumor therapy using 177Lu-DOTA-TATE is to prepare the 
radiolabeled agent with adequately high specific activity in order that sufficient activity can 
be deposited in the cancerous lesions without saturating the limited number of receptors 
present in the cancerous site. As the specific activity of 177Lu available at the time of 
preparation of the agent may vary considerably, it is crucial and poses a challange to optimize 
the labeling protocol, more importantly with respect to the amount of peptide, in order that it 
can be prepared with high radiochemical purity using minimum amount of DOTA-TATE. 
The present paper describes our studies towards preparing several batches of 177Lu-DOTA-
TATE for clinical application in human patients using indigenously produced 177Lu. 

Experimental: 177Lu was produced by thermal neutron bombardment on enriched (64.3% to 
82% in 176Lu) Lu2O3 target at a neutron flux of 6×1013-1×1014 n/cm2.s for 21 days in our 
Institute’s reactor. For the preparation of a patient dose of 177Lu-DOTA-TATE (typically 150-
200 mCi, 5.55-7.40 GBq), first the amount of Lu required to obtain that dose was calculated 
from the specific activity of 177Lu after the necessary decay correction. The requirement of 
DOTA-TATE was subsequently determined considering that DOTA-TATE: Lu molar ratio to 
be 4:1 (minimum requirement for achieving adequate stability post-preparation). A stock 
solution of the DOTA-TATE, prepared in de-ionized water with a concentration of 1 µg/µL, 
was used for the preparation of the agent. Required volume of DOTA-TATE solution and 
177LuCl3 were added to three times of their volume equivalent of 0.1 M ammonium acetate 
buffer (pH ~5) containing 40 mg/mL gentisic acid. The pH of the reaction mixture was 
adjusted, if required, within 4-5. The preparation was then subsequently heated in at 90οC 
(boiling water bath) for 60 min. Quality control was performed by employing paper 
chromatography (PC) and high performance liquid chromatography (HPLC) techniques. 
Finally, the preparation was subjected to Millipore filtration and administered to the patients. 

Considering typical specific activity of 177Lu available during the preparation of the agent to 
be 25 Ci/mg (925 GBq/mg), a 200 mCi (7.40 GBq) patient dose requires the use of 8 µg i.e. 
0.045 µM Lu. This implies that 260 µg of DOTA-TATE needs to be used for the preparation. 
Therefore, for the actual preparation of the agent 260 µL of DOTA-TATE stock solution was 
added to ~1.4 mL of 0.1 M ammonium acetate buffer containing 56 mg of gentisic acid 
followed by 200 mCi (typical volume 200 µL) of 177LuCl3. 

Results: 177Lu was obtained with a specific activity range of 20-40 Ci/mg (740-1480 
GBq/mg). Several batches of 177Lu-DOTA-TATE were prepared using the 177Lu and the 
amount of DOTA-TATE required to prepare a patient dose of 200 mCi varied from 175-350 
µg. A patient dose is typically achieved in a total volume of 1.5-2.2 mL. 
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In PC performed using 50% acetonitrile in water, 177Lu-DOTA-TATE moved from the point 
of spotting (Rf >0.4) while uncomplexed 177Lu remained at the point of application (Rf = 0). 
In HPLC carried out employing gradient elution technique using water and acetonitrile mixed 
with 0.1% trifluoroacetic acid as the eluting solvent, 177Lu-DOTA-TATE exhibited a retention 
time 0f 900 s, while uncomplexed 177Lu eluted out within 250 s. The radiochemical purity of 
the 177Lu-DOTA-TATE complex was determined to be 98.25±1.1%. The agent was obtained 
with a specific activity of 0.57-1.14 Ci/mg (21.14-42.29 GBq/mg) or 0.82×103-1.63×103 
Ci/mMole (30.23-60.46 TBq/mMole). 

Conclusion: An optimized protocol was developed for the preparation of injectible 177Lu-
DOTA-TATE with high specific activity taking into account the variable specific activity of 
177Lu available during the preparation of the agent. Several batches of the agent were prepared 
with high radiochemical purity following this protocol. 177Lu-DOTA-TATE prepared 
following this protocol is regularly being administered to the patients suffering from 
neuroendocrine tumors. 
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The conservative surgery with axillary dissection and additional radiotherapy represents the 
treatment of choice for patients with early breast cancer. A standard course of whole-breast 
external-beam radiation therapy (EBRT) followed by a boost to the tumour bed generally 
require 5/7 week to complete. This can represent a logistical problem for many patients, 
particularly the elderly and those who reside a considerably distance from a radiation 
treatment facility. As alternative to the traditional treatment of radiotherapy, the intraoperative 
radiotherapy (IORT) has been recently proposed. This technique, although valid, is limited by 
two major points: i) the availability of a dedicated intraopertive linear accelerator, ii) a 
restricted field of irradiation which limits the management of positive surgical margins. The 
experience developed in our Institute with the ROLL technique and the radionuclide therapy 
with the avidin-biotin pre-targeting system lead us to the development of a new approach 
named I.A.R.T.® (Intraoperative Avidination for Radionuclide Therapy) capable to control 
recurrence as for EBRT and IORT. 

The IART® procedure consists of a first step where the surgeon intraoperatively injects avidin 
directly into the tumour bed followed by a second step of an intravenous injection of 90Y/ 
177Lu radiolabelled biotin, 1 day later. 

The avidin injection can be done with a syringe or with a dedicated spray -device (disposable 
and ready for inraoperative use) in the frame time while the surgeon is waiting for the sentinel 
node pathological analysis or after axillary clearance.  

Avidin percolate the tissue of the index quadrant as well as it is drained by locoregional 
lymph nodes. Due to its positive electric charge (pI 10.7) and the inflammatory reaction after 
surgery, avidin is retained at site of injection for several days and constitute a sort of new 
“artificial receptor”, only expressed in the breast area, able to homing radioactive biotin and 
deliver a dose as high as 50 Gy. 

The IART® approach is simple, low cost and easy to perform and it might represent an 
alternative to IORT in early breast cancer patients. 
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Current status: Peptide receptor radionuclide therapy (PRRT) is currently almost exclusively 
targeted at the somatostatin receptor (sst). Of the 5 receptor subtypes, sst2 is frequently very highly 
expressed at the cell surface of neuroendocrine tumors (NET). Octreotide is a small and stable 
derivative of native somatostatin, which can be very well labeled with therapeutic radionuclides such 
as the beta-emitters 90Y, 177Lu or the Auger emitter 111In, chelated in DTPA or DOTA, linked to the 
peptide. All current therapeutic octreotide derivatives are agonists that are internalized in the cell. The 
affinity for the sst2 receptor is better for [DOTA,Tyr3]octreotate than for [DOTA,Tyr3]octreotide or 
[DTPA]octreotide. 90Y is a pure beta-emitter, with a half-life of 2.7 days, a high energy of 2.270 MeV, 
and a maximum penetration in tissue of 12mm. 177Lu with a half-life of 6.7 days emits a low 
abundance of gamma photons as well as beta particles of  497 keV, with a maximum tissue penetration 
of 2 mm. 177Lu-[DOTA,Tyr3]octreotate (Lu-DOTATE), 90Y-[DOTA,Tyr3]octreotate (Y-DOTATATE) 
and 90Y-[DOTA,Tyr3]octreotide (Y-DOTATOC) are today the most frequently used therapeutic 
radiopeptides. 
 
Main inclusion criteria: inoperable and/or metastatic NET, receptor-positivity in all known lesions 
demonstrated by sufficient uptake on 111In-octreotide scintigraphy (intensity > liver parenchyma), life 
expectancy at least 3 -6 months, sufficient bone marrow reserve (hemoglobin (HGB) > 5 mmol/L, 
white blood cells (WBC) > 2*109/L, platelets (PLT) > 75*1012/L), sufficient renal function (serum 
creatinine < 150 mmol/L; GFR > 40 mL/min), sufficient hepatic and cardiac reserve. Karnofski score 
> 50.  
 
Efficacy: several groups have reported objective response rates (RECIST or WHO/SWOG; CT or 
MRI based). Complete remission (CR) is rarely seen, partial remission (PR; >50% shrinkage SWOG) 
in 7% - 37%, minor remission (MR, 25% - 50% shrinkage) in 13% - 17%, stable disease (SD) in 35% 
- 88% [incl. MR], and progression (PD, > 25% growth or new lesions) in around 20% of patients. 
Overall, better results are reported for Y-DOTATATE and Lu-DOTATATE than for Y-DOTATOC. 
Since cure is no feasible option in this category of advanced patients with mostly slow-growing 
tumors, overall survival (OS), and symptomatic relief / better quality of life, are the most important 
efficacy parameters. Currently there are no controlled clinical trials available comparing the effects of 
PRRT with the best standard of care. Nevertheless, the median OS of 4 years that was found in the 
Rotterdam study using Lu-DOTATATE compares favorably with the 3 years OS with Y-DOTATOC 
or the 1 year OS with high-dose 111In-DTPA-octreotide. Moreover, when the OS of matching 
subgroups in the Rotterdam Lu-DOTATATE study was compared with the OS in published studies in 
the literature using other treatment modalities, the OS of Lu-DOTATATE patients was always better 
than of their matched historic controls. Additionally, an extensive monitoring of quality of life (QOL) 
showed improvement of gobal health and performance scores with decrease of symptom scores in the 
majority of patients treated with Lu-DOTATATE.  
 
Toxicity: renal protection using commercially available solutions of mixed amino acids containing 
lysine and arginine, or using 1L of a mixture of 25g lysine and 25g arginine, is necessary to prevent 
renal damage from PRRT. Still, there is a risk of developing renal insufficiency after PRRT, expressed 
as a yearly percentage loss of creatinine clearance (parameter for GFR) which may continue for years 
after completion of PRRT. A minimum of 18 months of systematic follow-up after PRRT is required 
to assess the yearly percentage loss in GFR. Risk factors for renal insufficiency are a high cumulative 
renal radiation dose, especially if the biologic equivalent dose (BED, by applying the linear quadratic 
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model) exceeds 35Gy – 40 Gy. Further risk factors are age over 65 yr, hypertension and diabetes. 
Especially patients with a combination of more than two of the above mentioned risk factors may be 
prone to renal toxicity with PRRT. Bone marrow toxicity can be direct toxicity (grade 3-4 HGB, 
WBC, PLT, mostly reversible) or late stochastic effects (development of myelodysplasia and/or 
leukemia). Risk factors are previous chemotherapy, impaired renal function (creatinine clearance < 60 
mL/min) and possibly age. With the current schedule of 4 cycles of 7.4 GBq Lu-DOTATATE each at 
8-week intervals, and careful monitoring of relevant parameters, severe side effects occur only in 
about 1% of patients. For Y-DOTATOC and possibly Y-DOTATATE (NB: no dosimetry studies 
known) a cumulative activity of 13.3 GBq (360 mCi) fractionated in at least 3 to 4 cycles at 8-week 
intervals seems a safe schedule. 
 
Future developments: an FDA and EMEA approval of Y-DOTATOC and Lu-DOTATATE for 
PRRT is highly needed to establish this therapy modality. To achieve approval controlled clinical 
studies are required. The therapeutic window for sst-targeted PRRT can be widened to improve 
efficacy and/or decrease toxicity. Currently the addition of capacetabine as radiosensitizer to Lu-
DOTATATE is investigated in a controlled trial. Patients who relapse after previous response to 
PRRT receive 2 additional cycles of Lu-DOTATATE. In patients with a single inoperable tumor, 
PRRT can be applied to shrink the tumor and to offer the patient surgery with curative intent 
afterwards. Animal experiments have shown that Lu-DOTATATE may prevent that liver tumors will 
develop after infusion of tumor cells in the portal vein; thus, Lu-DOTATATE may have a role in neo-
adjuvant therapy. Reliable but simple to perform dosimetry may help to give patients their individual 
maximally tolerable dose of PRRT, with the greatest chance of therapeutic effect at an acceptable risk 
of toxicity. The treatment schedule may be further optimized: variations in cycles, intervals, speed of 
infusion, etc. Additionally, the combination of Y- and Lu-DOTATATE may be more effective than Y- 
or Lu- alone, exploiting the long range of Y- and short range of Lu- beta radiation at the same time. 
New peptides with better sst2 affinity, or also affinity for other sst subtypes may be more effective 
than –DOTATATE. Peptides targeting receptors for bombesin, cholecystokinin, neurotensin, etc. are 
also being investigated. To diminish renal peptide uptake, gelofusin (a gelatin plasma expander) is also 
effective; the combination of gelofusin and amino acids was even better than either agent alone in 
animal studies. However, there is a risk of anaphylactic reaction on gelofusin, which may render this 
agent less attractive for clinical practice in PRRT. Many of these above mentioned new strategies are 
being tested in animal studies. It is very important to stimulate effective collaboration with basic 
researchers and clinicians for optimal translational research. 
 
Reference: Kwekkeboom et al. ENETS concensus guidelines for the standards of care in 
neuroendocrine tumors: peptide receptor radionuclide therapy with radiolabeled somatostatin analogs. 
Neuroendocrinology 2009;90:220-226 
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The only malignancy for which radioimmunotherapy has been approved is non-Hodgkin’s lymphoma 
(NHL).  Therapy with radiolabeled antibodies targeted to the CD20 receptor has been approved in 
both North America and Europe.  Expansion of approval for relapsed or refractory disease after 
rituximab (chimeric anti-CD20 antibody) to front-line therapy is being considered.  The utilization of 
this radioimmunotherapy will be an important bellwether for the future of all molecular radiotherapy. 
 
Iodine-131 labeled murine anti-CD20 antibody (tositumomab) therapy (Bexxar) is carried out per a 
radiation absorbed dose-based schedule, while Y-90 labeled ibritumomab tiuxetan (also anti-CD20) 
therapy (Zevaliin) is carried out on a patient weight-based schedule.  Both utilize a schema where an 
initial dose of unlabeled anti-CD20 antibody is followed by radiolabeled antibody.  Both initially 
utilize, in the USA, an “imaging” dose (In-111 being the nuclide for Zevalin and I-131 being that for 
Bexxar), for assessment of biodistribution.  (With Bexxar, serial whole body images are then obtained 
over the subsequent week for calculation of residence time and whole body radiation absorbed dose.)  
Demonstration of targeting of radiolabeled antibody to known disease sites is NOT a prerequisite for 
therapy. 
 
Patients with measurable disease are treated with an amount of radioactivity (I-131 or Y-90) calculated 
based on platelet counts.  Patients with normal (>150K/μL) platelets are treated at a dose of 0.4 
mCi/Kg Y-90 (up to a maximum of 32 mCi) or an amount of I-131 calculated to deliver no more than 
0.75 Gy while body dose.  Patients with fewer (100-150K) platelets are treated at a lower amount of 
radioactivity (0.3 mCi/Kg Y-90, maximum 32 mCi; I-131 for 0.65 Gy whole body dose).  The 
optimum amount of radioactivity to be administered to patients who have already had a bone marrow 
transplant continues o be debated and is the subject of clinical trials – important considerations include 
interval between transplant and disease progression; transplant marrow status, and availability of 
progenitor cells. 
 
Toxicity is hematopoietic and reversible.  Thrombocytopenia is the predominant toxicity; platelet 
nadir is usually 4-6 weeks after therapy, sometimes requires transfusions, and is usually reversible.  
Neutropenia typically follows and is less severe; neutropenic infections are uncommon.  Recovery 
from toxicity is usually complete by 12 weeks. 
 
Three months is also a good period for assessment of response.  Metabolic response as assessed by 
[18F]FDG PET may occur earlier.  In rituximab-refractory patients, about a third have a complete 
response, about a third a partial response, and about a third do not respond (per CT criteria; FDG PET 
response rates not known) to therapy.  Response rates and time to progression may be higher in 
patients treated with radioimmunotherapy at initial presentation; randomized trials to examine 
incremental value (over chemo-immuno-therapy alone) are in advanced stages of completion. 
 
Lymphoma radioimmunotherapy is safe and effective, and should be used earlier in the course of the 
disease; even in multiply relapsed disease, however, it is under-utilized.  Optimization of utilization 
remains a seemingly intractable problem. 

 



 61

 

ALPHA-PARTICLE EMITTER THERAPY: OVERVIEW, CURRENT STATUS, AND 
DOSIMETRY 

G. Sgouros 
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The potential of alpha-particle emitters to treat cancer has been recognized since the early 
1900s.  Targeted delivery of alpha-emitters provides the fundamental advantage of a more 
potent, cytotoxic type of radiation.  Alpha-particles are helium nuclei that deposit DNA 
damaging energy along their track that is 100 to 1000 times greater than that of beta particles; 
the damage caused by alpha particles is predominately double-stranded DNA breaks severe 
enough so as to be almost completely irreparable.  This means that a small number of tracks 
through a cell nucleus can sterilize a cell and that, because the damage is largely irreparable, 
alpha-particle radiation is not susceptible to resistance as seen with external radiotherapy 
(e.g., in hypoxic tissue) and chemotherapy (e.g., due to quiescence).  Animal and cell culture 
studies have shown that, per unit absorbed dose, the acute biological effects of alpha-particles 
are 3 to 7 times greater than the damage caused by external beam or beta-particle radiation.  
Although one might expect that this high potency against targeted cells would also be 
accompanied by high toxicity to normal bystander cells, the short, 50 to 100 micron range of 
alpha-particles limits the amount of damage that is incurred by normal tissue.  Advances in 
the targeted delivery of radionuclides, in radionuclide conjugation chemistry, and in the 
increased availability of alpha-emitters appropriate for clinical use have recently led to patient 
trials of alpha-particle-emitter labeled radiopharmaceuticals.  Although alpha-emitters have 
been studied for many decades, their current use in humans for targeted therapy is an 
important milestone.  The following alpha-particle emitters are currently in use or being 
investigated for use in human trials: astatine-211 (211At, 7.2 h), bismuth-212 (212Bi, 1 h), 
bismuth-213 (213Bi, 45.6 min), radium-223 (223Ra, 11.4 d), actinium-225 (225Ac, 10.0 d) and 
thorium-227 (227Th, 18.7 d).  The short-lived alpha-emitters, 211At and 213Bi have both been 
investigated as radioimmunotherapeutics in human clinical trials. Astatine-211, has been used 
to treat glioblastoma and ovarian carcinoma patients; 213Bi has been investigated in leukemia 
patients.  Peptide-conjugated 213Bi has also been investigated in glioblastoma patients.  The 
longer-lived alpha emitters, 223Ra and 225Ac have also been used in human trials.  Radium-223 
has been used as a radium chloride (223RaCl2) to target skeletal metastases in hormone 
refractory prostate cancer patients.  Actinium-225 has been used as an immunoconjugate 
against leukemia.  These alpha-emitters have shown substantial and highly significant 
efficacy with minimal toxicity in clinical conditions that are otherwise untreatable.  In 
addition to these clinical studies, there are extensive pre-clinical efforts in lymphoma, 
melanoma, pancreatic, gastric and breast carcinoma and also in bladder cancer using 213Bi.  
The generator system 211Pb/211Bi has been investigated, in combination with chemotherapy 
against a disseminated peritoneal disease model.  Astatine-211 has perhaps the greatest 
history of pre-clinical investigation, encompassing numerous radiopharmacueticals and pre-
clinical models.  Actinium-225, both as an immunoconjugate and as a radiopeptide has also 
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been investigated pre-clinically.  A227Th immunoconjugate has been investigated against 
lymphoma.  This combination of clinical studies and pre-clinical studies suggests that alpha-
emitter therapy will continue to move to the clinic over the foreseeable future, the emphasis, 
to date has focused on targeting metastatic spread, including regional spread as in the 
glioblastoma and ovarian carcinoma cases.  Current cancer treatment is rarely effective once 
the tumor has metastasized.  The eradication of such metastases requires a targeted therapy 
that is minimally susceptible to chemo- or radio-resistance, that is potent enough to sterilize 
individual tumor cells and cell clusters and that exhibits an acceptable toxicity.  Targeted 
alpha-emitter therapy holds great promise in meeting these requirements.  Current constraints 
on this promise include the lack of widespread availability of alpha-emitters, the physics, 
radiochemistry and radiobiological-expertise required for their clinical implementation and 
also concerns regarding the potential toxicity of these agents. 
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Targeted alpha therapy with 211At-labeled compounds holds great promise for treatment of 
cancer, particularly compartmentalized cancer (e.g. ovarian cancer), minimal residual cancer 
after surgery and metastatic disease.  Unfortunately, 211At has limited availability and, due to 
its unique nature, has the potential to be readily dissociated from the cancer-targeting agents 
used in vivo.  Finding methods to circumvent these two problems has occupied a large 
amount of our efforts over the past few years.  211At is produced at the University of 
Washington on a Scanditronix MC-50 using a 28 MeV alpha beam. Our initial preclinical 
studies were conducted using a small target assembly with irradiations of a 10 �A alpha 
beam, but our desire to ultimately conduct clinical studies led to the design and installation of 
a new target assembly that had much larger irradiation surface and would withstand beam 
energies of 50 �A or more.  Prior to this upgrade, 211At was efficiently isolated (60-80%) 
from the irradiated aluminum-backed bismuth targets by dry distillation at 650°C.  However, 
the dry distillation method gave low recovery yields (e.g. 10-40%) when the much larger new 
targets were used.  After some attempts to improve the distillation yields, we have more 
recently conducted a wet chemistry approach to the 211At isolation. While this method still 
needs to be optimized, it has provided good recovery (60-90%) of the 211At.  Our 
radiolabeling methods have undergone a similar transition in the past few years.  Until 
recently our 211At studies were limited to the use of intact monoclonal antibodies (MAb) 
labeled using conjugates containing aryl-astatine derivatives due to the deastatination of more 
rapidly metabolized targeting biomolecules.  This limitation made it all but impossible to 
label important biomolecules such as MAb fragments, engineered proteins, peptides and small 
molecules.  This critical shortcoming of labeling methods for 211At led to our investigating 
boron cage molecules as pendant groups for labeling more rapidly metabolized biomolecules.  
After extensive study, we found that closo-decaborate(2-) moieties were uniquely suited for 
211At labeling, as they underwent very fast (within 30 seconds) and efficient (>70% yields) 
labeling, were non-toxic, and had minimal affect on the in vivo behavior of the biomolecule 
that it was attached to.  Studies of closo-decaborate(2-) containing different functional groups 
have been conducted to determine the best candidates for pendant groups to be conjugated 
with biomolecules.  A number of conjugation molecules containing the closo-decaborate(2-) 
moiety have been prepared and tested.  In those studies, intact MAb, Fab´ fragments, a 
peptide (bombesin), biotin derivatives and a small molecule (PSMA) inhibitor have been 
labeled with both 125I and 211At to determine in vivo stability and equivalence of 
biodistributions.  In every example, the 211At label was found to be very stable to in vivo 
deastatination.  Likewise, the 211At and 125I distributions were essentially equivalent in all but 
a couple of examples.  Although the 125I and 211At had equivalent distributions, it was found 
that the closo-decaborate(2-) moiety appears to be retained in some tissues (e.g. kidney and 
liver) longer than MAb that did not contain that moiety.  To circumvent this problem, closo-
decaborate(2-) derivatives were prepared that contained a hydrazone functionality between 
the decaborate(2-) and the biomolecule. In subsequent biodistribution studies, it was shown 
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that the hydrazone linkage was efficiently cleaved in vivo, releasing the radioactivity from 
kidney. In the examples where the biodistributions of 125I and 211At were not equivalent, a 
hydrazone and phenacyl-closo-decaborate(2-) derivative were involved.  Studies are planned 
to determine why the biodistribution in these examples was not equivalent. In the 
presentation, examples showing equivalency in biodistributions will be presented, as will 
some promising results from an 211At-labeled intact MAb for therapy of a mouse tibia 
metastatic prostate cancer model. In the latter studies, dramatic differences in serum PSA 
were observed between mice treated with 211At-labeled MAb and those that were not. 
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The heavy halogen 211At was first proposed for use in α-particle targeted radiotherapy more 
than 30 years ago and continues to be one of the most promising radionuclides for this 
purpose.  Although its 7.2-h half life is not ideal for intravenously administered whole 
antibodies, it is compatible with the pharmacokinetics of antibody fragments, peptides, 
aptamers and organic molecules.  Its diverse chemistry allows its incorporation into a wide 
array of targeting vehicles, relying on its chemical similarity to iodine to provide a useful 
point of departure.  On the other hand, the relatively low carbon-astatine bond strength is 
challenging.  In common with the other α-emitters being discussed at this symposium, lack of 
reliable availability is one of the biggest hurdles in the use of 211At for targeted radiotherapy.  
However, in the case of 211At, it is not a question of production cost or availability of target 
material, because 211At can be produced in reasonable yield from natural bismuth targets.  
Rather, the difficulty is the lack of cyclotrons equipped with the medium energy α-particle 
beams required for its production.  If the infrastructure for producing 211At is to be improved 
to the stage where 211At-labeled radiopharmaceuticals can have a meaningful impact, several 
developments must occur.  First, the ability to produce clinically relevant levels of 211At that 
can be shipped to remote locations in chemically tractable form must be demonstrated.  
Approaches under consideration include compensating for radiolysis-mediated effects and the 
consideration of alternative chemistries.  Second, strategies for compensating for 
heterogeneities in dose deposition must be developed, hopefully in a way that is compatible 
with approval for human use. And third, it is essential that more clinical trials be performed 
with 211At-labeled therapeutics, particularly in settings of minimum residual disease where the 
radiobiological advantages of α-particles can be best exploited.  Our own efforts in that 
regard will be to acquire the remaining data needed to initiate clinical evaluation of meta-
[211At]astatobenzylguanidine and 211At-labeled trastuzumab in patients with neuroblastoma 
and breast cancer neoplastic meningitis, respectively.  In conclusion, the major barrier in 
moving 211At-labeled targeted radiotherapeutics from appealing concept to practical treatment 
is the limited availability of the radionuclide.  Hopefully, advances in radiochemistry and the 
results clinical trials at multiple institutions will provide a compelling rationale for the 
construction of more cyclotrons capable of producing 211At. 
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For the selective irradiation of cancer cells, alpha-immunotherapy α-emitters such as Bi-213 
and Ac-225 are potential candidates if they are linked to monoclonal antibodies or peptides 
through bifunctional chelators. Two production routes of Ac-225 were developed at ITU. 
One, via Th-229, includes an anion exchange and an extraction chromatography step. The 
alternative production route is to produce Ac-225 by proton irradiation of Ra-226 in a 
cyclotron through the reaction Ra-226(p,2n)Ac-225. The feasibility of this method was 
approved. For the Ac-225/Bi-213 generators the Ac-225 is loaded on AG-MP50 resin. The 
long term characteristic of this was evaluated. The generator product, carrier free Bi-213, can 
be labelled to various monoclonal antibodies and peptides. Different labeling strategies were 
developed. Furthermore the presentation will give a brief overview on the different 
application possibilities of the ITU-produced Bi-213 in pre-clinical/clinical trials. 
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The average energy deposition per unit path length in tissue called linear energy transfer 
(LET) for α-particles is far higher than for ß-particles. For selective irradiation of single tumor 
cells or small tumor cell clusters the locoregional application of appropriate carriers labelled 
with α – emitting radionuclides seems very promising. The high energy α-particles emitted for 
example by Bi-213 have a range in tissue of 80 µm and an LET of 100 keV/µm that can 
deposit a large amount of energy within a few tumor cell diameters combined with minimal 
non-specific irradiation of normal tissue around the target tumor cells. 

α-emitter-conjugates have proven to be powerful therapeutic agents in animal tumor models 
especially for locoregional administration in malignancies that spread on the surface of body 
cavities. The radiopharmaceutical can be given by the way of intraperitoneal (ovarian, gastric, 
colon cancer) intravesical (bladder cancer) intrathecal (malignant meningitis) and intrapleural 
(pleural carcinomatosis) injection or directly into the tumor or in the tumor resection cavity 
(glioblastoma). 

Tumor models in different cavities of the body relevant to the clinical situation can be 
established in nude mice for optimization of α-radionuclide targeting. Locoregional strategies 
allow a rapid targeting of cancer cells and ensure that most of the injected activity especially 
of nuclides with short half life as Bi-213 (46min) decays at the tumor cells in the body cavity 
reducing the risk of systemic toxicity. 

We have established models for intraperitoneal disseminated gastric and ovarian cancer that 
mimic the clinical situation in human cancer as to intraperitoneal (i.p.) spread. At 24 h after 
i.p. tumor cell inoculation tumor cells are still in the peritoneal cavity as single cells and serve 
as a model for early stage carcinomatosis while at day 8 macroscopic tumor nodules in the 
mesenterium and the peritoneal serous membranes mimic advanced peritoneal disease. Mice 
were intraperitoneally injected with Bi-213- labelled tumor specific MAb (0.37, 1.85, 7.4 and 
22.2 MBq) and therapeutic efficiency evaluated by survival of animals. At therapeutically 
efficient activities toxic side effects were negligible as confirmed by histopathologic 
examination of bone marrow, liver, kidney and intestine. 

We also established an orthotopic bladder carcinoma xenograft mouse model to evaluate the 
therapeutic efficiency of intravesically instilled Bi-213 anti-EGFR-MAb at 1 h and 7 days 
after tumor cell inoculation. Mice survived longer than 300 d without any sign of tumor in 90 
% or 80 % of cases, respectively. 

A model for treatment of pleural carcinomatosis often associated with mammary and lung 
cancer induced by instillation of tumor cells directly into the pleural space also looks 
promising. 
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The prognosis of patients with malignant glioma is very poor. New therapy options are mandatory. 
Substance P is the main ligand of neurokinin type 1 (NK-1) receptors, which are consistently over-
expressed in malignant gliomas and surrounding tumor vessels. Administration of 90Y-DOTA-[Thi8, 
Met (O2)11]-Substanz P was shown to be feasible and safe [1]. However, in critically located tumors, 
the mean tissue range of 5 mm of 90Y may lead to unacceptable damage of adjacent, functional critical 
areas of the brain. We report a phase I study with locally administered 213Bi labeled DOTA-[Thi8, Met 
(O2)11]-Substanz P in patients with malignant glioma. By using a direct, intratumoral injection, the 
problem of the short physical half life of Bismuth-213 can be circumvent.   
 
To date, 5 patients with malignant glioma (2 Grade IV, 1 Grade III and 2 grade II) without previous 
treatment were included. One to three catheter systems were placed stereotactically into the tumor. 
After a diagnostic injection with 111In-DOTA-[Thi8, Met (O2)11]-Substanz P and subsequent dosimetry, 
totally 30 to 138 mCi of 213Bi-DOTA-[Thi8, Met (O2)11]-Substanz P was injected intratumorally 
performing 3 to 4 applications over 2 days. SPECT/CT was used to assess the biodistribution. Follow 
up was performed clinically and with morphological imaging.   
 
Targeted radiopeptide therapy using 213Bi-DOTA-[Thi8, Met (O2)11]-Substanz P was very well 
tolerated by all patients. No additional neurological deficit was observed. Repetitive imaging is 
suggestive of progressive radiation-induced necrosis, which was validated by subsequent resection of 
the tumors. Time to progression was found to be 11 and 14 months respectively in patients with grade 
IV glioma. No progression is found after 18 to 23 months in patients with grade II or III glioma.  
 
We conclude that targeted loco-regional radiotherapy using 213Bi-DOTA-[Thi8, Met (O2)11]-Substanz P 
represents an innovative and effective treatment strategy for functionally critical located malignant 
gliomas. Primarily non operable gliomas may become resectable in the course of this treatment. We 
found a tendency towards a longer time to progression in 2 patients with grade IV glioma.  
 
Literatur/References:  
 
1.  Kneifel S, Cordier D, Good S et al. Local targeting of malignant gliomas by the diffusible 

peptidic vector 1,4,7,10-tetraazacyclododecane-1-glutaric acid-4,7,10-triacetic acid-substance 
p. Clin Cancer Res. 2006 Jun 15;12(12):3843-50. 
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This review will cover the efforts in Gothenburg to evaluate the potential of 211At 
radioimmunotherapy (RIT) in the treatment of small tumor deposits of ovarian cancer in the 
abdominal cavity. 

The lifetime risk of ovarian cancer is 1% – 2% in European and American women. Despite 
seemingly successful surgery followed by chemotherapy, most patients will relapse, most 
frequently in the abdominal cavity, and succumb to the disease. Despite newer systemic 
chemotherapy regimens, the outcome has not improved over the past decade. RIT with 
various β-emitters has displayed promising results, though an international Phase III study of 
90Y-labeled antibody showed no improvement in time to relapse or survival. This 
disappointing result might be explained by the long range of β-emitters, which results in poor 
irradiation of tumors less than a few millimeters in size. In treating small tumors, the short 
range and high LET of α-emitters such as 211At offer a significant advantage by more 
effectively irradiating targeted small cell clusters.  

The PET & Cyclotron Unit at Rigshospitalet in Copenhagen has regularly since ~10 years 
delivered 211At to the research group in Gothenburg led by Prof. Ragnar Hultborn and Prof. 
Lars Jacobsson. Astatine-211 is isolated from the irradiated target by dry distillation. The 
211At-labelling method gives stable radiochemical yields of 70% – 80% with the antibody 
conjugate’s tumor-cell binding ability essentially preserved. The activity of an antibody batch 
of 0.1 – 0.5 mg is approximately 300 – 500 MBq, sufficient for extensive animal experiments 
or for treatment of one patient.  

The therapeutic effect has been studied in a series of experiments in vitro and in nude mice 
with intraperitoneal (i.p.) growth of microscopic ovarian cancer tumors. A number of 
parameters related to the injected antibody conjugate and stage of tumor growth have been 
investigated. Studies of toxic effects for bone-marrow, kidneys, and the peritoneal membrane 
indicate that microscopic tumors smaller than approximately 0.1 mm are likely sterilized 
without any serious organ toxicity. Tumor cure probability decreases with increasing tumor 
size. 

Dosimetry, based on biokinetic modeling and a Monte Carlo program, indicates that an 
absorbed dose of approximately 20 Gy is needed for tumor eradication in nude mice. The 
tolerance level (mean absorbed dose) is estimated to be ~0.5 Gy for bone-marrow and ~10 Gy 
for kidneys. For the peritoneal membrane preliminary results indicate a tolerance level of 
more than ~25 Gy. Comparisons with low-LET 60Co irradiation for tumor-growth inhibition 
and bone-marrow toxicity both resulted in an RBE of ~5.  

Based on the promising results of the animal studies, a clinical Phase I study of 9 patients was 
started in 2005 (and published in 2009). Thirty to 120 MBq of 211At-MX35 F(ab′)2 was 
administered i.p. in 1.1 – 2.2 L of fluid (Extraneal). Dosimetric calculations were mainly 
based on the 211At activity in samples of peritoneal fluid, blood, and urine 0 – 48 h post 
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injection. Gamma camera imaging did not reveal uptake in any major organs except the 
thyroid. The thyroid uptake was reduced by potassium perchlorate or potassium iodide in the 
last four patients. No adverse effects of the treatment were observed subjectively or in the 
laboratory parameters. In conclusion, therapeutic absorbed doses of 211At in microscopic 
tumors in the abdominal cavity of humans are achievable without significant toxicity. 
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This review will outline the advances made with radioimmunotherapy in solid and hematologic 
neoplasms.  In particular, under-utilization of this molecular radiotherapy will be examined.  In order 
for radioimmunotherapy to be utilized optimally, several issues need to be addressed.  These include 
suitable education of public and professionals about the relative safety of systemic radiotherapy; 
greater interaction between treating physicians and referring hemato-oncologists; harmonization of 
economic imperatives, and an appropriate understanding of both immunologic and radiobiologic 
effects of therapy.  Success of lymphoma radioimmunotherapy will provide incentive for the 
continuing study of antigen-binding proteins to which tailored radioactivity – alpha particle-based 
therapy for hematologic or minimal residual disease, beta particle-based therapy for bulkier disease – 
can be administered.  Attempts to increase relative absorbed dose to tumor by adoption of multi-step 
targeting methods have proved promising, as has therapy based on radiation absorbed dose (to normal 
organs and, increasingly, to tumor).  Molecular radiotherapy has considerable potential not only for 
thyroid cancer but for a variety of neoplasms, and efforts to promote the scientific and health care 
impact of radioimmunotherapy will result in improved cancer management. 
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The Centre of Molecular Immunology produces monoclonal antibodies for treating cancer 
diseases. We are mainly focus on two target systems; one is the epidermal growth factor 
receptor (EGF-R) because there is a tremendous relationship between the EGF/EGF-R system 
and several human tumours such as lung, head and neck, ovarian breast and brain cancers; the 
second one is the ganglioside system, the relevance of certain gangliosides in tumour growth 
and metastatic dissemination has been well documented, GM3(NeuGc) ganglioside is 
particularly interesting due to its restrictive expression in normal human tissues. 

Nimotuzumab (h-R3) is a humanized monoclonal antibody (mAb) that was obtained by 
complementarity-determining regions grafting of a murine mAb (ior egf/r3) to a human 
framework having remarkable antiproliferative, pro-apoptotic, and antiangiogenic effects. A 
Phase I clinical trial was performed to evaluate the toxicity and clinical effect of an 
intracavitary (intracerebral) administration of a single dose of nimotuzumab (h-R3) labelled 
with increasing doses of 188Re. All patients bearing astrocytomas grade III/IV should be 
treated previously with conventional therapies and have an EGF-R overexpression in the 
tumour, demonstrated by immunohistochemical study. Maximal tolerated dose was 3 mg of 
the h-R3 labelled with 10 mCi of 188Re. The radioimmunoconjugate showed a high retention 
in the surgical created resection cavity and the brain adjacent tissues with a mean value of 
85.5% of the injected dose one hour post-administration. This radioimmunoconjugate may be 
relatively safe and a promising therapeutic approach for treating high grade gliomas. 

GM3(NeuGc) ganglioside is particularly interesting due to its restrictive expression in normal 
human tissues according to immunohistochemical studies, using either polyclonal or 
monoclonal antibodies. But both immunohistochemical and biochemical methods have 
strongly suggested its over-expression in human breast and colon tumours. Nevertheless, the 
lack of a direct evidence of this antigenic display in human cancers has kept the subject 
controversial. For the first time, we described herein the ‘‘in vivo’’ detection of GM3(NeuGc) 
ganglioside in human breast primary tumours using a radioimmunoscintigraphic technique 
with 14F7, a highly specific anti-GM3(NeuGc) ganglioside monoclonal antibody, labelled 
with 99mTc. In an open, prospective Phase I/II clinical trial, including women diagnosed in 
stage II breast cancer, the 14F7 monoclonal antibody accumulation in tumours at doses of 0.3 
(n=5), 1 (n=5) and 3 mg (n=4) was evaluated. Noteworthy, the immunoscintigraphic study 
showed antibody accumulation in 100% of patients’ tumours for the 1 mg dose group. In turn, 
the radioimmunoconjugate injected at doses of 0.3 mg or 3 mg of the antibody, was uptaken 
by 60 and 33.3% of breast tumours, respectively. ‘‘In vivo’’ immune recognition of 
GM3(NeuGc) in breast tumours reinforces the value of this peculiar target for cancer 
immunotherapy. In two phase II Clinical Trials including women with metastatic breast 
cancer (n=14) and patients with colon cancer (n=19) in all stages, the 14F7 monoclonal 
antibody (3 mg) labelled with 99mTc (30-40 mCi) was also able to detect distant metastasis 
over expressing the GM3(NeuGc) ganglioside. 
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THE IAEA ACTIVITIES ON SUPPORTING THE USE OF UNSEALED 
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DISEASES 
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Department of Nuclear Sciences and Applications 
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Email: J.Zaknun@iaea.org 

The Nuclear Medicine Section of the IAEA has a long tradition in supporting the 
implementation of effective therapeutic application for the management of cancer and benign 
conditions. This obligation resides in Article II of the IAEA Statutes1 (1). The specific 
mission is to foster the application of nuclear medicine techniques in those diseases that may 
successfully be managed using radioisotopic applications. In addition to documents related to 
therapeutic application of unsealed radioisotopes (2, 3), the IAEA was successful in managing 
a multicentre Coordinated Research Projects (CRPs) for the treatment of Hepato Cellular 
Carcinoma published recently in a special edition of the Seminars (4). Other CRPSs were 
aimed at improving quality of life of patients suffering from rheumatoid arthritis and 
haemophilic arthropathy (5, 6) and the palliation of disseminated metastatic bone pain2. In 
addition, to disseminate knowledge, high level experts are invited to consultancy panels to 
assist in producing relevant documents in the field of Nuclear Medicine, including 
publications, manuals and educational material all of which are accessible on-line3. The 
Department of Nuclear Sciences and Application (NA) has identified the need to enhance the 
availability and accessibility of Member States to medical radioisotopes potentially attractive 
for clinical use, one of these being Lutetium-177. To achieve this objective a world-wide 
network of cooperation was established.  Since several countries operating nuclear reactors at 
a low to medium-neutron flux are capable of producing sufficient amounts of Lu-177 for the 
labelling of bone seeking radiopharmaceuticals, Lu-177 ethylenediamine tetra(methylene 
phosphonic acid) (177Lu-EDTMP) has been identified for its clinical potential as a safe, 
sustainable and cost-effective radiopharmaceutical for the management of bone pain caused 
by metastatic prostate and breast cancer. 

To fulfil the highest standards of international legal requirements, animal studies (7) and pre-
phase-I (micro dosing study) provided needed pre-clinical information on the bio-distribution 
of the particular 177Lu-EDTMP formulation that has been produced under GMP conditions by 
Polatom®, Poland. 

This data was used to design a phase I/II clinical trial on the biological safety and efficacy of 
177Lu-EDTMP as a bone pain palliating radiopharmaceutical. 

To better assess toxicity results during the clinical phase-I investigation, a novel approach was 
introduced to predict patients’ individual bone marrow absorbed dose. In close collaboration 
with another NA Section, namely “Dosimetry and Medical Radiation Physics” (DMRP), a 
consultancy of worldwide leading medical physicists was called to discuss and finalize a user-

                                        
1 http://www.iaea.org/About/statute.html  
2 http://www-naweb.iaea.org/nahu/nm/crp.asp 
3 http://www-pub.iaea.org/MTCD/publications/publications.asp 
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friendly programme to predict the bone marrow absorbed dose by means of a micro-dosing of 
the therapeutic radiopharmaceutical followed by 24 hours whole body scintigraphic imaging. 
Preliminary results based on urine analysis and whole body imaging up to 7 days post 
injection indicate a bio-distribution similar to that of Samarium-153 EDTMP. 

With regard to short and medium term projects on therapy with unsealed radioisotopes, joint 
effort among leading institutions world-wide with the support of Department of Nuclear 
Sciences and Applications is aiming at enhancing Member States’ self-reliance in utilising a 
selection of novel radiopharmaceuticals, proven clinically effective and safe, to manage 
chemotherapy-resistant tumours. Ga-68 radiopharmaceuticlas as a powerful diagnostic tool 
for Positron Emission Tomography (PET) has been identified as an important application for 
the management of NET and a variety of Somatostatin receptor (SSR) expressing tumours. In 
conjunction with high specific-activity Lu-177 loaded to targeting peptides, e.g. SSR 
analogues or monoclonal antibodies a synergy is created to provide patient-specific, 
individually designed treatment approaches. 

The IAEA acknowledges professionals from all associated fields for their invaluable 
contributions to promoting therapeutic applications of Nuclear Medicine. As a team they are 
indispensible strategic partners in making available isotopes and radiopharmaceuticals, insight 
of dosimetry and foremost to those at the forefront, daily engaged in treating patients and 
alleviating their pain. 
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Aim: The aim of this work is presentation of the preliminary results of the therapy of NETs 
with 90Y DOTA TATE. 

Patients and methods: We investigated 15 patients with various neuroendocrine tumors.  In 
all of them, together with other laboratory analyses and imaging methods, scintigraphy with 
somatostatin analogues was performed (in 3 with 111In Octreoscan and in the other 4 with 
99mTc Tektrotyd) and high tumor uptake observed. 

The therapy was performed with 2-4,5 GBq 90Y DOTA TATE per patient per one cycle, in 
the slow infusion in the physiological liquid (150 ml/15 min).Between the cycles, there was a 
time delay of 6-8 weeks. 30 min before the therapy, patients began receiving the infusion of 
amino acids (arginine and lysine) which lasted 4h. Before that, all therapies with somatostatin 
analogues were withdrawn. 24h-96h after the therapy, "bremsstrahlung" whole body imaging, 
SPECT and particular planar images were performed with gamma camera. 

Results: Analysis of the "bremsstrahlung" images showed uptake of the radiopharmaceutical 
in the liver, but the most of the activity was observed in the regions of the "hot spots" 
registered with previous 99mTc Tektrotyd and 111In Octreoscan images. 

According to our results, after the therapy, in two patients occured progressive disease (PD), 
in seven stable disease (SD), and in six partial remission (PR).  Up to now, there were no 
major clinical side effects hepatic function. Transient pancytopenia occurred in two patients, 
and impairment of kidney function in one. 

Conclusion: In spite of insufficient data, beneficial effects on clinical symptoms, hormone 
production and tumor proliferation were found, without major clinical side effects. Thus, 
according to preliminary results, treatment with 90Y DOTA TATE is feasible method and 
might be useful for the management of patients with inoperable or disseminated 
neuroendocrine tumors. 
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Peptide Receptor Radionuclide Therapy (PRRT) using radiolabelled somatostatin analogues 
is a promising treatment option for patients with disseminated and inoperable neuroendocrine 
tumours. The idea of a combining treatment using the high-energy 90Y beta emitter for larger 
lesions and the lower energy 177Lu to target smaller lesions was considered. 

The aim of our study was to compare results of PRRT with 90Y-DOTATATE and mixed 
90Y/177Lu-DOTATATE. 

Materials and methods: Thirty six patients with disseminated neuroendocrine tumors were 
enrolled in the study and randomized to two groups: Group A that was treated with 90Y 
DOTATATE only comprised 18 patients; 8 males and 10 females, aged 56±12 years. Group 
B was treated with a cocktail of 1:1 90Y/177Lu DOTATATE. This group comprised 18 
patients; 7 males and 11 females with an average age of 56±11 years. Median follow-up 
observation in group A was 37.7 months and the interquantile IQR observation period was 
20.5 and 46.7 months. In group B the median was 34.6 months and the IQR were 25.2, 39.5 
months. 

The administered activity was based on 200mCi/m2 body surface area. Typically the total 
activity was administered over 4 cycles (a range of 3-5 cycles governed by the body surface 
area value). Blood tests for hematology, kidney and liver function, and Chromogranin A 
(CgA) were assessed prior to PRRT therapy and during follow-up (see footnote). All patients 
underwent CT scans and SRS imaging applying 99mTc-HYNIC-TATE to assess tumor load 
and initial size. Response to treatment on CT was assessed according to WHO standard 
criteria. 

PRRT treatment cycles were repeated up to a total calculated dose – 200 mCi/m2. Typically 
an activity of 100 mCi of 90Y or 90Y/177Lu cocktail was administered at each occasion. The 
median time interval between the treatment courses in Group A was 36 days and in Group B 
49 days. Kidney protective measure consisted of mixed amino-acids infusion delivered over 8 
hours. 

Results: Applying Kaplan-Meier survival analysis, in Group A the median survival time was 
33.7 months while in Group B median survival was not reached as it was significantly higher 
in the later Group B, P=0.04. The calculated probability of a 24 months survival was 61% in 
Group A vs. 87% for Group B. 

Median Time to Progression (see footnote for progression criteria) in Group A was 18.9 
months and in Group B 29.4 months; difference was not statistically significant, p>0.1. The 
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probability for a 12 months progression-free survival was 67% in Group A vs.  77% in Group 
B. 

On the 12 months follow-up: Group A vs. Group B; stable disease in 9 vs. 11 pts, disease 
regression in 2 vs. 2 pts and disease progression was observed in 3 vs. 3 pts respectively. 
During the first 12 months 4 died in Group A vs 2 patients in Group B.  At 24 months follow-
up: Group A vs. Group B; stable disease: 5 vs. 6 patients; disease progression: 4 vs. 3 
patients.  Side-effects were rare and mild in both groups. 

Conclusions: 1. A significantly prolonged survival time observed among the group treated 
with 90Y/177Lu DOTATATE as compared to the mono-nuclide therapy group treated with 90Y-
DOTATATE only. 

2. It seems that overall survival time and time to progression rather than WHO criteria for 
determining tumor burden should be used to assess the response to therapy 

Progression Criteria: 

- Aggravation of clinical symptoms 

- Rising CgA levels by more than 50% above a previously measured value on follow-up 
(3 months, 6 months and 12 months following therapy). 

- Increase on CT of the two dimensional tumor diameters by more than 30%. 

- The detection of new tumor foci on 99mTc HYNIC-TATE on planar WB and SPECT 
imaging of the abdomen, (if needed SPECT of the chest). 

Acknowledgement: This study was supported by Polish Ministry of Health Research Grant 
(4-PW/102/4283/85195) 
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A new formulation of 188Re-Nimotuzumab was developed to evaluate the biodistribution, 
internal radiation dosimetry and safety in the locoregional treatment of malignant gliomas. A 
phase I clinical trial was performed to evaluate the toxicity and clinical effect of an 
intracavitary administration of single dose of Nimotuzumab labeled with 188Re. Nimotuzumab 
is a humanized monoclonal antibody directed against epidermal growth factor receptors. Nine 
patients with anaplastic astrocytoma or glioblastoma multiforme were intended to be treated 
with 3 mg of mAb labeled with 10 or 15 mCi of 188Re. 

The radioimmunoconjugated showed a high retention in the surgical created resection cavity 
and the brain adjacent tissues with a mean value of 85.5% of the injected dose one hour post-
administration. No patient developrd human anti-mouse antibody response. 

This radioinmunoconjugate may be relatively safe and a promising therapeutic approach for 
treating high grade gliomas. 

Key Words: gliomas, nimotuzumab, radioimmunotherapy, rhenium, brain tumor. 
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INDIGENOUS PREPARATION OF THERAPEUTIC DOSE OF 131I-MIBG 
(METAIODOBENZYLGUANIDINE) INJECTION FOR TREATMENT OF 
PHEOCHROMOCYTOMA /NEUROBLASTOMA - INDIAN EXPERIENCE 
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131I-Metaiodobenzylguanidine (mIBG) is a proven radiopharmaceutical for the diagnosis and 
therapy of Neuroendocrine tumors, in particular, adrenal medullae tumors 
(Pheochromocytoma, Neuroblastoma) and their metastasis. Using indigenously produced Na 
131I of higher specific activities the production of therapeutic dose of 131I-
Metaiodobenzylguanidine (mIBG) injection was accomplished. . Method of radiolabelling* is 
based on the copper (I) assisted nucleophilic isotope exchange reaction, followed by ion 
exchange purification. Pure product is formulated in isotonic acetate buffer/ saline solution 
and aseptically distributed after sterilization by filtration. In a typical batch of 131I MIBG, the 
radioactive concentration (RAC) of the product achieved is 10-15 mCi/ml and specific 
activities ranged from 60-120 mCi/mg of mIBG on reference date. The radiochemical purity 
of the labeled product was found to be not less than 95%, when stored frozen, and retained  
the radiochemical integrity throughout the stability study period of seven days from the DOP, 
allowing it to be shipped in dry ice packing. The product complied with the specifications of 
the British Pharmacopeia The labeled 131I-mIBG formulation is heat sensitive and undergoes 
rapid radiochemical degradation with time even in the presence of radioprotectants. The rate 
of degradation depends on the temperature and on the radioactive concentration of the final 
formulation, and is more pronounced during the preparations of therapeutic dose; thus, 
making it mandatory, to adopt semi automated gadgets/techniques to minimize the duration of   
radiochemical operations. This minimized the degradation of the product. Keeping this in 
view, the production process of 131I-mIBG was done   in three separate operation modules, 
suitable for easy operation in the existing production plant, for handling up to 1 curie batch 
sizes.    

First module comprises of the dry heat bath for heating of ligand MIBG and Na131I along with 
the other reagents to effect the radiolabelling... Second module is an on line assembly, for the 
ion exchange purification & aseptic filtration for removing the unlabelled, free radioiodide 
followed by sterilization... Final operation module is for aseptic dispensing of multi dose 
activity in pre-sterilized vials. Using these semi automated techniques and gadgets, eighteen 
therapeutic batches were processed till date, QC tested (radiochemical purity, radionuclidic 
purity, sterility test, bacteriological endotoxin test) and thirty doses of 100 mCi each, in 
volumes not exceeding 8 ml were supplied to Radiation Medicine Center, BARC, Mumbai for 
clinical use. At the time of writing this abstract, twenty cases were treated, & it is reported by 
clinicians that encouraging therapeutic response was observed. 

* Applied Radiation and Isotopes 50 (1999) 1011-1014 
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Phosphorus- 32 (32P) is a routinely used bone pain palliation agent at our institute due to its 
cost, availability and proven efficacy with mild and self limiting myelo-suppression. Vitamin 
D is known to de-differentiate tumors and supposed to enhance calcium deposition onto 
metastatic foci with a hope of reducing the marrow effects. A pilot study showing an increase 
in the 99mTc-MDP uptake by skeletal metastatic foci, using single pulse dose of Vitamin D, in 
some of the patients preceded this study and found the basis for this study. 

The aim of this study was to evaluate the role of 32P alone and in combination with vitamin D 
in the palliation of bone pain from osseous metastases and to look for its clinical efficacy and 
reduction in marrow suppression in our clinical environment.. 

62 patients with extensive osteoblastic bone metastases were randomly divided into 3 groups. 
Group A received P-32 alone, group B combination therapy of P-32 and vitamin D and group 
C vitamin D alone. All these patients were evaluated by a standard protocol on broad 
parameters of pain reduction, reduction in analgesic consumption, improvement in quality of 
life and effect on bone marrow suppression at the end of 4th and 8th week post-therapy. 

Favorable response (≥25%) to treatment was recorded in 55% of cases in-group A, 81% in-
group B and 9% in-group C. Reduction in pain score of 50% to 100% were obtained in two 
cases in group A and 10 in group B. A decrease in pain of 26% to 50% and ≤ 25% was 
observed in 10(45%) and 4(18%) cases respectively in group A, and 8(36%) and 2 (9%) cases 
respectively in group B. Analgesic consumption was reduced in both the groups of P-32, 
comparatively more in group B. The improvement in mobility and quality of life was 
observed to be better in group B than A and C. A decrease of white blood cells, hemoglobin 
level and platelets counts was observed in both groups of P-32 but no significant difference 
was noted in group A and B was noted at the end of 8th week. 

It was concluded that P-32 is an effective agent for the palliation from osseous metastases. 
Vitamin D as an adjuvant to P-32 therapy increases the clinical efficacy of P-32. P-32 alone 
or in combination with vitamin D has myelo-suppressive effect that is transient and self-
limiting. 
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Radionuclide therapy employing unsealed radiotherapeutic agents has emerged as an 
important tool for cancer management. The development of therapeutic radiopharmaceuticals 
based on different types of carrier molecule and a variety of radioisotopes is being actively 
pursued worldwide. 90Y and 186Re have favorable properties for therapy. 90Y is one of the 
radioisotopes of the choice. It has a LET useful for therapy, E β max=2.3 MeV, T1/2=64.1 h 
with no gamma emissions. Rhenium radioisotopes Re-186 and Re-188 have also very 
convenient properties for therapy. They emit high energy beta particles and emission of the 
gamma photons respectively.  

Diphosphonates labelled with 99mTc have long been used as radiopharmaceuticals for bone 
imaging. When labelled with beta emitting isotopes, these agents have the potential for use as 
therapeutic agents for the treatment of bone metastases. This study examined the conditions 
for labelling HEDP with 90Y and 186Re, investigate yield of labeling, in vitro stability and 
biodistribution of the radiopharmaceuticals in rats. 

HEDP (1 mg) was dissolved in 3 ml of normal saline and 10 mg of ascorbic acid was added. 
After adjusting the pH of the reaction mixture to 3.5 or 7.0, 0.05 ml of 90YCl3 solution was 
added.  

The 186/188Re-HEDP was prepared by adding eluate of 186/188ReO4 to the kit vial. HEDP kit 
developed in-house. The mixtures were heated in boiling water for 30 min and then allowed 
to cool to room temperature. The radiochemical quality control of 90Y and 186/188Re labeled 
HEDP was determined using ITLC. The in vitro binding to human serum, lipophylicity and 
the stability of the complexes was also performed. The biological properties were done in 
healthy white male Wistar rats. 

The labeling conditions were standardized to give the maximum yield, which ranged between 
93-98% for 90Y-HEDP and 186/188Re-HEDP. The examined 90Y and 186/188Re complexes could 
be easily prepared, with an outstanding yield and were also found to be very stable at least 5 
days after labeling at 2-8 0C. The serum stability results of both complexes showed that 
complexes were quite stable at the studied conditions up to 10 days. Protein binding value 
were 22.3 % and 34.6 % for 90Y-HEDP and 186/188Re-HEDP respectively and the complexes 
poses hydrophilic character. The satisfactory results of both complexes biodistribution in 
healthy test animals were obtained. It was also found that the formation conditions of both 
complexes, that are the temperature and pH, influenced theirs stability and biological 
behavior. The biodistribution study showed that complexes were localized in the skeleton, 
while the remaining activity was excreted via the urinary system. The uptakes in the bone 
were depending on the pH value during the preparation. With high skeletal uptake, no 
significant activity was to be found elsewhere.  

A promising biodistribution result of these complexes pointed at potential in the palliative 
treatment of bone metastases. 
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COST is an intergovernmental framework for European Cooperation in Science and 
Technology, allowing the coordination of nationally-funded research on a European level. 
COST contributes to reducing the fragmentation in European research investments and 
opening the European Research Area to cooperation worldwide.COST is specifically 
designed to network researchers mainly within the European Union that work on a specific 
topic.  
This COST BM0607 Action on cancer therapy using innovative targeting nanomedicines is 
highly multidisciplinary: nuclear medicine physicians, clinical oncologists, surgeons, 
physicists, radiobiologists, (in)organic chemists, radiochemists, radiopharmacists, 
pathologists and scientists from biomics participate in it. They define innovative new targets 
for cancer therapy, develop lead compounds and new radiolabelled ligands as vectors, 
perform molecular imaging and biologic testing, develop improved software and protocols for 
dosimetric calculations and select new vectors for early human use. Within the COST 
BM0607 more than 100 scientists from 21 countries are participating to work within 5 
different working groups. Working group 1 works on the establishment of Database on 
Molecular Targets for Targeted Radionuclide Therapy, working group 2 deals with the 
development and improvement of chemsitry related to new molecules for targeted 
radionuclide therapy. WG 3 is dedicated to dosimetry aspects, whereas WG4 tries to optimize 
the use of new radionuclides for therapy from cyclotron, reactor and generator production. 
Finally, WG5 has the aim to bring together research related to pharmacology and small 
animal imaging with new tracers for targeted radionuclide therapy.  
COST thereby organizes annual meetings of the whole group and in between dedicated 
meetings of the working groups. Besides organizing meetings one aim of COST is 
additionally to promote young researchers where short term scientific missions (STSM) are 
financed to improve the professional skills of researchers within the EU. COST also organizes 
workshops on specific topics and is involved in supporting scientific events by co-organizing 
working group meetings within events related to radionuclide therapy.  
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Cancer is a human health problem with many unmet needs. Today treatments mainly rely on 
surgery, external beam radiation and chemotherapy to remove or destroy bulky tumours. 
However, they cannot permanently treat all cancer and relapse occurs in up to 50% of the 
patients’ population. Targeted radionuclide therapy (TRT) offers an alternative with unlikely 
cross-resistance with established therapies to treat small size tumours (residual disease, micro 
metastases). In contrast to beta radionuclides, alpha-emitting radionuclides seem particularly 
promising to selectively destroy disseminated cancer cells, due to their decay characteristics. 

The challenge remains to deliver the radioactive atoms fast and efficiently enough and to find 
the right balance between toxicity and anti-tumour effect.  

The TARCC project proposes a concerted and multidisciplinary action plan to develop 
targeted alpha-radionuclide therapy to:  

• Improve the access to the most promising alpha-emitting radionuclides.  

• Test in appropriate preclinical models new radiolabelling methods and new biological 
vectors to target the radionuclides to cancer cells in vivo. 

• Compare the results obtained with the different vectors (antibodies, peptides, amino-
acids or nanocolloids) in different preclinical tumour models.  

• Evaluate short-term and long-term treatment toxicity and dosimetry at both 
macroscopic and microscopic levels. 

It is expected that this network approach will make it possible to select several candidates for 
future preclinical and clinical developments and to define the most promising settings for 
targeted alpha-radionuclide therapy in terms of vector properties and modes of administration. 

This work is supported by the European Commission FP7 Collaborative Project TARCC 
HEALTH-F2-2007-201962. 
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Prostate cancer is the most frequently diagnosed cancer in men in Brazil.  Treatment options 
have varied, but once the tumor has metastasized, treatment become less effective and the 
cancer can progresses to a hormone refractory state characterized by high morbidity and 
mortality. Bombesin (BBN) receptors – in particular, the gastrin-releasing peptide (GRP) 
receptor – have been shown to be massively overexpressed in several human tumors types, 
including prostate cancer, and could be an alternative as target for its treatment by 
radionuclide therapy (RNT). A large number of BBN analogs had already been synthesized 
for this purpose and have shown to reduce tumor growth in mice. Nevertheless, most of the 
studied analogs exhibit high abdominal accumulation, especially in pancreas. This abdominal 
accumulation may represent a problem in clinical use of radiolabeled bombesin analogs 
probably due to serious side effects to patients. The goal of the present work was to radiolabel 
a novel peptide based on bombesin structure – DOTA-X-BBN(6-14), where X is a spacer of 
six aminoacids. – with lutetium-177, a β- emitter with optimal physical characteristics for 
RNT of small tumors and metastases, and to evaluate its in vitro and in vivo properties in 
Balb-c and Nude mice bearing prostate tumor (PC-3) xenografts. Preliminary studies were 
done to determine the best labeling conditions of BBNp6 and both ITLC and HPLC were 
applied to evaluate the radiochemical purity of the preparations. The stability of the 
radiolabeled peptide was assayed either after storing at 4º C or incubation in human plasma at 
37º C. Biodistribution, pharmacokinetics, whole body and scintigraphic studies were 
performed in both healthy Balb-c and xenografted Nude mice, in order to characterize the 
biological properties of labeled peptide. In addition, the specificity of labeled bombesin 
derivative targeting to PC-3 tumor cells was analysed by in vivo competition assays. In vitro 
studies involved the evaluation of cold bombesin derivative effect in PC-3 cells proliferation 
by MTS assay. Bombesin derivative (20 �g) was successfully radiolabeled with 97.5 MBq of 
177Lu at 90° C for 30 minutes and pH 4.5. This mixture kept stable for more than 96 hours at 
4º C and 1 hour in fresh human serum. Investigations in Balb-c mice showed a 
multicompartimental model of biodistribution, with fast blood clearance, rapid excretion, 
performed mainly by renal pathway, low abdominal accumulation in pancreas and intestines 
and low retention in organism, with 90% of total radioactivity excreted in the first 4 hours p.i. 
The studies in Nude mice bearing human prostate (PC-3) tumor showed that the radiopeptide 
exhibited significant target to tumor cells. Higher tumor uptake was observed at 1 hour post 
injection (0.88 + 0.11% ID/g and 4.38 + 0.54% of the radioactivity presented in organism) 
and showed to be specific in vivo. The pre-injection of unlabeled peptide reduced 88% of 
labeled peptide target to tumor cells. Moreover, tumor uptake allowed tumor detection by 
scintigraphy imaging, especially one hour post injection, but also 4 hours p.i. In addition, the 
studied bombesin derivative did not present proliferative or citotoxic effect to PC-3 cells in 
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vitro and can be characterized as a weak agonist or antagonist of bombesin receptors. The 
results of this work showed that this novel radiopharmaceutical based on bombesin structure 
is promising for applications in prostate tumor detection and treatment. 
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The main goal of this study was to optimize the radioimmunoconjugation of monoclonal 
antivascular endothelial growth factor receptor 1(VEGFR 1) anti-CD105(Endoglin) 
monoclonal antibody for an angiogenesis targeting and with 177Lu as a potential angiogenic 
molecular tracer for radioimmunotherapy (RIT). We carried out a radioimmuno conjugation 
using 177Lu with anti-CD105 (Endoglin) and anti-VEGFR1 for developing a more useful 
marker to identify proliferating endothelium involved in tumor angiogenesis than 
panendothelial markers. We optimized the labeling of monoclonal antibody with 177Lu by 
using cysteine derivative isothiocyanatobenzyl-DTPA(DTPA-NCS) as BFCA. Under the 
optimal conditions with a slight modifications on the factors such as the reaction time and 
molar ratio which are known to be very critical in radiolabeling. The labeling yield was 
greater than 99% each respectively. Immunoactivity of the radioimmunoconjugate was 
investigated using combinations of radioanalytical and bioanalytical techniques (ITLC-
SG,Cyclone phosphorimager, SDS-PAGE and ELISA). For the biological evaluations we 
carried out a cell binding assay and a biodistribution study using mice bearing Calu 6 lung 
cancer cell xenografts. The tumor-to-blood ratio was 11.16:1 24h post-injection. For anti-
VEGFR1 monoclonal antibody, the biodistribution study showed high specificity in 
accumulating in tumour tissues where the tumor-to-blood ratio was 3.25:1 24h post-injection. 

In conclusion, the anti-CD105 monoclonal antibody for an angiogenesis targeting was 
effectively radioconjugated with 177Lu. And the biodistribution study showed a high 
specificity for accumulating in tumour tissues. This radioimmunoconjugate is applicable to 
detect angiogenesis sites in various diseases and to treat tumors. the anti-VEGFR1 
monoclonal antibody for angiogenesis targeting was effectively radioconjugated with 177Lu. 

This radioimmunoconjugate is applicable to detect of angiogenesis sites in various diseases 
and treat tumour over expressed VEGFR 1. 



 87

SYNTHESIS AND IN VITRO AND IN VIVO EVALUATION OF IODINE-131-
LABELED FOLATES: POTENTIAL MOLECULAR DIAGNOSTIC AND 
THERAPEUTIC RADIOPHARMACEUTICALS 

I. Al Jammaz 

Cyclotron and Radiopharmaceuticals Department, King Faisal Specialist Hospital and Research 
Centre, P.O. Box 3354, Riyadh 11211, Kingdom of Saudi Arabia 

Email: jammaz@kfshrc.edu.sa 

Molecular targeting imaging has a great potential to be able to image molecular changes that 
are currently defined as predisease states which facilitate earlier detection of cancer and 
consequently, the greatest chance of cure. Advancement of scintigraphic imaging and 
radiotherapy is highly determined by development of more specific radiotracers. The 
Membrane-associated-folic acid receptor is a glycosylphospstidylinositol protein that 
overexpressed in approximately 100% of serious ovarian adenocarcinomas and various 
epithelial cancers including cervical, colorectal and renal cancers. Meanwhile, this receptor is 
highly restricted in most normal tissues which make these tumors as an excellent candidates 
for molecular targeting imaging and therapy through the folate receptor system. As part of our 
on-going research effort to develop prosthetic precursors for radiohalogenation of bioactive 
molecules, we have previously reported the synthesis and biological characterization of [18F]-
fluorobenzene and pyridine carbohydrazide-folate conjugates ([18F]-SFB and [18F]-SFP-
folates). We here report the synthesis and biological characterization of [131I]-
iodobenzenecarbohydrazide-folate conjugate ([131I]-SIB-folate) as a potential therapeutic 
radiopharmaceutical. The synthetic approaches for preparation of [131I]iodobenzene 
carbohydrazide-folates ([131I]-SIB-folate, Scheme 1) entailed sequence of reactions. 
Hydrazide-folate was reacted with N-succinimidyl-m-[131I]-iodobenzoate-carboxylate ([131I]-
SIB) to give [131I]-SIB-folate conjugate. Radiochemical yield was greater than 80% and 
synthesis times were ranging between 40-45 min. Radiochemical purity was also greater than 
97% without HPLC purification. These synthetic approaches hold considerable promise as 
rapid and simple method for the radiohalogenation of folate in high radiochemical yield in 
short time. In vitro tests on KB cell line has shown that significant amount of the 
radioconjugate associated with cell fractions and in vivo characterization in normal CBA/J 
mice revealed rapid blood clearance of this radioconjugate with excretion predominantly by 
the hepatobiliary system. In vivo tumor targeting capacity of this radioconjugate in athymic 
mice with folate-recptor-positive human KB cell tumor xenografts is currently in progress.  
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Scheme 1: m–[131I]-iodobenzenecarbohydrazide-folate conjugate ([131I]-SIB-folate). 
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It has become standard practice in the development of radiopharmaceuticals to evaluate/assess 
the efficacy of prospective therapeutic or diagnostic agents by animal models, which 
generally calls for subjecting a substantial number of animals to intensive test and retest 
measurements for obtaining representative and conclusive results. This work communicates 
the advantage of combining various analytical modalities with mathematical and 
computational modelling as a multifaceted tool, for pre-vivo screening of prospective 
radiopharmaceuticals intended for the treatment of metastases in bone.  

In an attempt to improve the tumour selectivity and uptake of phosphonates, the novel water 
soluble phosphonate polymer PEI-MP (N,N’,N’-trimethylenephosphonate-polyethyleneimine) 
was studied, exploiting a phenomenon known as the Enhanced Permeation and Retention 
effect (EPR), whereby macromolecules, e.g. polymers, selectively accumulate within tumours 
due to irregularities in the vasculature and poor lymphatic clearance. 117mSn (t½=13.6d) could 
prove to be a promising therapeutic radionuclide in that it emits mono-energetic Auger and 
conversion electrons with a discrete range (0.2-0.3mm) in bone tissue, allowing for larger 
bone radiation doses with limited radiotoxicity to bone marrow. It also emits a gamma 
(159keV, 86.4%) which could allow for visualisation of treatment localisation. 

The aspects covered in the pre-vivo assessment were; 1) The oxidation state of the metal ion 
as the fate of the drug-complex may depend on the valence stability of the metal-ion in vivo. 
It was proven that Sn2+ and Sn4+ do not interchange in conditions simulating blood plasma 2) 
Using glass electrode potentiometry, the complexes with the most prominent physiological 
metal ions, namely Ca2+, Mg2+, Zn2+ with PEI-MP were studied and after compilation of a 
Sn2+ and Sn4+ blood plasma model, PEI-MP complexed with Sn2+ proved to be the superior 
combination. 3) Concurrently the same combinations were tested for their adsorption 
characteristics with hydroxyapatite, which served as an in vitro model for bone mineral. The 
ideal combination for optimum complex adsorption was determined, taking into account the 
polymer, with size fractions of 10-30kDa or 30-50kDa, and the particular valence form of tin. 
The Sn2+-PEI-MP complex, with a polymer size of 10-30kDa, was best. 
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The development of radiopharmaceuticals with high specificity for cancerous tissue and high 
uptake in tumors, which bear radionuclides within their molecules, capable of destroying 
cancer cells, comprises the most important target of Radiotherapy today. 

Pretargeting as a method of radioimmunotherapy whereby the tumor-targeting naked mAb is 
separated from the subsequent delivery of a radioactive effector molecule, seems to improve 
tumor-to-background ratios and the radiation doses delivered to the tumor. 

The aim of our work is to demonstrate the advantage of bivalent hapten-bearing peptides for 
the detection of tumours pretargeted with bispecific antibodies. This pretargeting technique 
which we refer to as the “Affinity Enhancement System” (AES) use bispecific antibody, 
which recognizes both a target antigen and a hapten and in a second step, a radioactive 
bivalent hapten, which is capable of cross-linking two molecules of the bispecific antibody 
bound to the target cell (Fig.1). 

 
Fig.1. - Affinity Enhancement System 

The stability of the radioactive cyclic complex formed at the target cell surface is enhanced by 
the cooperativity of dual binding. Thus the apparent affinity of the labeled bivalent hapten is 
enhanced for cell bound antibody conjugate and it is higher than the affinity for excess 
antibody in plasma and interstitial fluids where there is no formation of cyclic complexes.  
The bivalence of the hapten also improves tumor uptake by allowing excess bispecific 
antibody in the circulation to serve as a reversible carrier extending the half-life of the 
radiolabeled hapten in serum. The fraction of bivalent hapten bound to a single bispecific 
antibody molecule is capable of binding free binding sites in the tumor, which is not possible 
with a monovalent hapten. 

All our previous work demonstrates the advantages of bivalent hapten-bearing peptides 
designed for radioimmunodetection and radioimmunotherapy (used di- peptides capable of 
binding 111In, 90Y, 99mTc, 188Re, and 131I, 125I) in animal studies and the clinical trials. 

Regarding the interest to employ availability of 99mTc and promising advantage of 188Re we 
decided to work on design of new bivalent haptens which would make easy labeling with 
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188Re using the new approach so-called 3+1 method based on the metal nitrido core (Duatti 
and co-workers), provide very high tumor targeting efficiency and discussed with respect to 
possible therapeutic applications. 
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Radiopharmaceuticals have been used to treat cancer for over 70 years. Molecular 
radiotherapy (MRT) is currently a major growth area with an increasing number of 
compounds entering the clinic and a rapidly expanding interest in the scientific aspects of 
radiation delivery. Whilst radiopharmaceuticals have generally been administered according 
to similar protocols defined for non-radioactive drug delivery, primarily with fixed activities 
or sometimes based on patient weight or body surface area, recent scientific advances in 
quantitative imaging and internal dosimetry are now causing a shift toward administrations 
that take into account individual dosimetry, as is routinely the case for external beam 
radiotherapy (EBRT). The relative lack of progress in MRT belies the fact that this area does 
not require the significant resources that are required for EBRT. 

At a basic level, dosimetry can be considered separately for the whole-body, which requires 
external measurements of the activity retained in the patient following administration, or 
tumour or normal organ dosimetry, for which absorbed dose calculations are based on image 
data. 

Whole-body dosimetry can be performed with relative ease and accuracy. An external 
measurement obtained immediately following administration of a radiopharmaceutical 
provides a baseline count relating to activity in vivo. Subsequent measurements can then be 
related to this baseline to provide an accurate calculation of the activity retained at any time. 
This is useful for radiation protection purposes but can also be used to calculate whole-body 
absorbed doses which have been shown to correlate with haematological toxicity. This is the 
basis for treatment with I-131 tositumomab for non-Hodgkins lymphoma, where patients are 
prescribed an activity that will deliver a 0.75 Gy whole-body absorbed dose and for an 
international study using I-131 mIBG to treat neuroblastoma, where the protocol is designed 
to deliver a total of 4 Gy whole-body absorbed dose in 2 fractions. The I-131 mIBG is given 
concomitantly with topotecan which is a topoisomerase inhibitor that can act as a 
radiosensitiser, indicating the potential for multi-modality therapy that is currently being 
explored. The accuracy of whole-body dosimetry can be calculated and is dependent in turn 
on the accuracy of measurements, which for example should be obtained immediately after 
patient voiding, and on the number of measurements acquired for each effective decay phase. 

Image-based tumour or normal organ dosimetry can offer more detailed information 
regarding the localisation of uptake and retention of an administered radiopharmaceutical. 
Time-sequential images are acquired following administration and by application of suitable 
calibration factors activity-time curves are used to estimate the cumulated activities in user-
defined regions of interest. Image-based dosimetry is prone to large errors and uncertainties if 
not performed correctly although can yield clinically useful information. It is essential that 
routine quality control (for example to correct for uniformity and centre-of-rotation 
misalignment) is performed to ensure that the camera is operating correctly and initial 
measurements should include characterisation of deadtime, as the large activities encountered 
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in MRT can cause erratic response. For the quantitative imaging required for absorbed dose 
calculations image corrections are essential although can be performed with relative ease. 
Scatter correction is particularly relevant for high energy beta emitters such as I-131 and can 
be performed by acquiring counts in energy windows adjacent to the peak window. For 
SPECT imaging, attenuation correction should be performed using measured attenuation 
coefficients for the radionuclide used. The optimal SPECT image reconstruction method or 
parameters to use for any given radionuclide have not been defined. These must be considered 
carefully and are dependent on the localisation of activity and count rate. 

As with whole-body dosimetry, the accuracy of dosimetry calculations is dependent on the 
number of measurements (i.e. scans) obtained although in practice a total of 3-4 scans are 
usually sufficient as the effective decay in any given organ, or tumour, is frequently mono-
exponential. 

An increasing number of studies are now demonstrating that the effect of treatment, both in 
terms of response and toxicity, is dependent on the absorbed doses delivered to target and to 
normal tissues. This raises the prospect of personalised treatment planning, whereby the level 
and frequency of administrations are tailored to the individual patient. Patient-specific 
treatments promise a significant increase in the effectiveness of molecular radiotherapy and 
offer a significant improvement on current population-based treatments. 

As only a small number of patients are treated at individual centres it is essential that 
prospective data collection is performed in multi-centre studies. However the variation in 
methods employed at different centres to perform dosimetry hinder direct comparisons of 
absorbed dose calculations. To address this, the EANM dosimetry committee are undertaking 
a program (DOSITEST) to assess the current range of methodologies employed and their 
relative accuracies to harmonise practice. This will involve an exercise whereby simulated 
raw camera data are supplied to centres that can then perform calculations according to local 
protocols. 

Internal dosimetry has been shown to have clinical benefit and is becoming standard practice 
as requirements for personalised treatment are introduced and regulations regarding treatment 
planning are brought into force. The resources required to perform dosimetry are within reach 
of any department that has scanning facilities and can provide significant cost-effective 
patient benefit both by ensuring that sufficiently high absorbed doses are given to effect a 
favourable response and sometimes by preventing unnecessary treatments. 
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Molecular targeted radionuclide cancer therapy is becoming of increasing importance, 
especially for disseminated diseases. Systemic chemotherapies often lack selectivity while 
targeted radionuclide therapy has important advantages as the radioactive cytotoxic unit of the 
targeting vector is specifically directed to the cancer, sparing normal tissues. The principle 
strategy to improve cancer selectivity is to couple therapeutic agents to tumour-targeting 
vectors. In targeted radionuclide therapy (TRT), the cytotoxic portion of the conjugates 
normally contains a therapeutic radiometal immobilised by a bifunctional chelator. 

The aim is therefore to use as ligand-targeted therapeutics vectors coupled to Auger-, alpha- 
and/or beta-emitting radionuclides. An advantage of using radiation instead of 
chemotherapeutics as the cytotoxic agent is the so called ‘crossfire effect’. This allows 
sterilisation of tumour cells that are not directly targeted due to heterogeneity in target 
molecule expression or inhomogeneous vector delivery. However, before the targeting ligands 
can be selected, the target molecule on the tumour has to be selected. It should be uniquely 
expressed, or at least highly overexpressed, on or in the target cells relative to normal tissues. 
The target should be easily accessible for ligand delivery and should not be shed or down-
regulated after ligand binding. An important property of a receptor (or antigen) is its potential 
to be internalized upon binding of the ligand. This provides an active uptake mechanism and 
allows the therapeutic agent to be trapped within the tumour cells. 

Molecular targets of current interest include: 

Receptors: G-protein coupled receptors are overexpressed on many major human tumours. 
The prototype of these receptors are somatostatin receptors which show very high density in 
neuroendocrine tumours, but there are many other most interesting receptors to be applied for 
TRT. The targeting ligands for these receptors are radiolabelled regulatory peptides and their 
metabolically stabilised analogues. 

Antigen epitopes: Antibodies, as unlabelled biological drugs, are becoming of increasing 
interest. They exert an antibody-dependent cellular cytotoxicity which leads to lysis of tumour 
cells. Radiolabelled versions of these (and other) antibodies are being developed worldwide. 
The disadvantage of the long circulating time of antibodies can be solved by engineering 
fragments such as diabodies, bivalent single chain variable fragments (scFv), minibodies or 
by pretargeting approaches. 

Transmembrane transporters: Other interesting targets are transporters for radiolabelled amino 
acids and nutrients. Cancer cells require an increased supply of many such nutrients and 
obtain these by increased expression of some types of amino-acid transporter. A more detailed 
analysis of the relationship between amino-acid uptake and transporter expression in normal 
and malignant cells would be very valuable in identifying the clinical therapeutic potential of 
this class of tracer. 
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Tumour blood supply: Tumours require an efficient blood supply to grow and metastatise and 
active angiogenesis of new blood vessels is a feature of many tumours. Specific receptors 
expressed during this process represent a novel class of targets for TRT. 

Extra-cellular matrix: Recently, another relevant class of target antigens has raised interest. 
Lectins, or carbohydrate binding proteins, recognize specific oligosaccharide structures on 
glycoproteins and glycolipids. It is well known that protein and lipid glycosylation are 
consistently altered in cancer cells for the aberrant activity of specific glycosyltransferase and 
glycosydases. Experimental evidence demonstrated that tumor growth and progression may 
depend, at least in part, on the presence of altered glycoproteins on the cell surface, which can 
mediate aberrant receptor-ligand interactions. 
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The research and development of various novel therapeutical radiopharmaceuticals is a huge 
demand in many laboratories world-wide. Beside of multiple bone metastases pain-palliation 
and radiosynovectomy agents a number of specific radiopharmaceutical applicants mainly for 
oncological applications are in the pipeline. Numerous in vitro methods are available in the 
first line to test the radiolabelling efficiency, the possible radioactive and non-labelled 
impurities, the stability of the label at different conditions and mediums, and some specific 
characteristics of radiopharmaceutical applicants eg.: receptor binding assays, antigen-
antibody assays. But, still before human clinical trials there are several questions to be solved 
in regards of toxicology, radiotoxicology, radiation safety and maybe most importantly the 
efficacy tasks. All these issues cannot be answered without animal tests.  

Several decades back animal tests in radiopharmacy ment only standard bioassays in a large 
number of healthy rodents. Later on pathological models eg.: human tumor xenografts in 
immunodeficient animals came-out and through them radiopharmaceutical tumor-uptake by 
the targets were available to evaluate in vivo as well. Xenografts are still popular and widely 
used models in the field but instead of wide-scaled bioassays nowadays repeated scintiscans 
or hybrid images (SPECT/CT, PET/CT) are more and more often used to answer kinetic-, 
excretion-, tumor uptake, internal dosimetry (Minimum Effective Dose, Maximum Tolerable 
Dose, critical organ doses, tumor doses) questions. Greater animals like laboratory Beagles 
are more closely in size, clinical and metabolic parameters to the human objects so playing a 
more perfect role of human medical doctor and especially veterinary patients. Easy to 
understand that many of the spontaneously occuring companion animal diseases are a good 
model of human pathological diseases. The need of a better diagnosis and treatment of that 
animals meets with the requirements of their owners, handling veterinarians and last but not 
least serve a very reliable model for (radio)pharmaceutical investigators. Canine 
osteosarcomas, metastatic bone tumors, insulinomas, multiple liver-, and splenic tumors, 
bladder carcinomas and chronic arthritis might be th ebest examples in that topic. 
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Monoclonal antibody (“MAB”) has been developed for targeting secretory alpha-fetoprotein 
in hepatic tissue. We have used these MABs for  radioimmunotherapy and dose planning of 
recurrent hepatoblastoma, a rare childhood malignancy This MAB has been labelled with In-
111 and Y-90 for clinical purposes, and can be applied for diagnosis and therapy of liver 
neoplasms. 

Physiology based pharmacokinetic (PBPK) modeling and simulation is a useful method for 
prediction of biodistribution of macromolecules, it can enhance our understanding of the 
underlying mechanisms and hence may help in rational design of diagnostic and therapeutic 
agents. Here we also discuss PBPK modeling and simulation of this MAB  in mice without 
tumor and in a pediatric patient. 

In the clinical study, radiopharmacokinetic parameters  for this MAB (111In-DOTA-hAFP31 
IgG) were calculated after serial quantitative whole body scans in a child with 
hepatoblastoma. A 3-D dose planning computer program was used to calculate tumor doses 
for In-111 and Y-90, the active tumor was delineated on PET/CT images and tumor dose 
calculation was done based on the In-111-MAB SPECT data using dose point kernel 
approach both for In-111 and Y-90. The results were compared with MIRD doses obtained 
for organs in SPECT imaging field, i.e. bone marrow, heart, kidneys, liver, spleen, lungs. The 
simulated results were fitted to experimental time series data by varying parameters which 
were not fixed a priori.  

From quantitative serial imaging based on 8 whole body images at 0-168 hrs using In-111-
MAB, the half-lives of spleen, lungs, kidneys and whole body were 502 hrs, 230 hrs, 193 hrs 
and 490 hrs, respectively. The measured blood half-life was 132 hrs, after a total MAB dose 
of 50 mg and In-111 activity of 105 MBq. The presumed Y-90 dose based on this kinetic 
behavior was 43 MBq which should had given 0.3Gy bone marrow dose with assumption of 
bone marrow: blood ratio 0.4 for IgG.  The calculated MIRD Y-90 doses were for cardiac 
wall 0.75 Gy, liver 0.62 Gy, spleen 0.51 Gy and bone marrow 0.053 Gy, and the effective 
whole body dose was 0.18 Gy, i.e. 4.23 mGy/MBq. The 3-D program demonstrated the mean 
doses in normal tissues as follows: heart 0.58 Gy, liver 0.48 Gy, spleen 0.37 Gy and bone 
marrow 0.34 Gy. 

The actual liver tumor dose according to the 3-D calculations was in average 0.51 Gy with 
range of 0.22-0.96 Gy. 

It was demonstrated that the PBPK model describes the main features of the pharmacokinetics 
of the studied systems. It was also shown that simulation can be used for evaluating the 
parameters of the system and scaling up the pharmacokinetics of MAB from mice to man. 
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As a conclusion, a ccording to the data, probably 5-6 fold activity could have been infused 
without limiting toxicity. Using current activity only minor change in the biomarker behavior 
was observed, but with higher activities the response could have been evaluated. This data 
demonstrates that radioimmunotherapy procedure may be applied in childhood solid tumors, 
if appropriate dosimetry software is available. 

It was also concluded that the transvascular permeabilities are the most important parameters 
and more research is needed to enable prediction of permeabilities from molecular 
characteristics of macromolecules. It would also be necessary to understand better and 
describe with a more detailed model the microstructure of the tumor and to measure or predict 
the antigen concentration in tumor. Non-specific, non-saturable binding in other 
organs/tissues should be understood better and the kinetic constants of the binding should be 
measured experimentally. 

Although the metabolism and clearance were neglected in this study they need to be included 
in more detailed studies. Also the intracellular trafficking of macromolecules, which was not 
included in this study, shall be included in the more accurate models. 
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In recent years there has been a rapid expansion in the use of radionuclides for therapeutic 
purposes. The potential usefulness of a particular radioisotope depends on many factors: 
physical data (half-life, energy of beta-particles, gamma ray emissions), production method 
including separation, labeling and targeting properties of a radionuclide carrier molecule.  

Depending on the production mode, the radioisotope can be obtained in the pure form 
(without any carrier) or in the form of the mixture of isotopes, containing also the stable 
forms. The specific activity is than defined as radioactivity of a certain radioisotope in this 
mixture. Several beta-emitting radionuclides for targeted radionuclide therapy can be 
produced in the nuclear reactors, including generator systems, and the list of other potentially 
useful isotopes is not yet closed [1].  

Among the radionuclides used for cancer therapy, 131I, 90Y, 188Re, 166Ho and 153Sm have found 
applications in a number of clinical procedures and have been used for cancer therapy, bone 
pain palliation, radiosynovectomy, intravascular radiation therapy and other disorders. 
Extensive research in the field of radiopharmaceuticals and nuclear medicine practices have 
lead to the identification of other radionuclides including 177Lu, 161Tb, 67Cu, 47Sc with 
promising radionuclide physical and chemical properties, which still need to be explored. The 
latter two are of interest due to their positron emitting “twins” i.e. 64Cu and 44Sc, which can be 
used for diagnostic imaging and therapy follow up using the same carrier molecules. On the 
other hand various techniques have been developed in order to improve the therapeutic effect 
such as the isotope cocktail approach, loco-regional administration, pre-targeting or 
combination with chemotherapy, providing new therapy options. 

The most popular in last years were carrier-free 90Y and 177Lu as well as carrier-added 177Lu 
[2] used for labeling of peptides specific to somatostatin receptors.  Extensive experiences of 
several groups, also supported by the IAEA programs, indicated that the specific activity, 
chemical and radionuclidic purity need special consideration [3]. Most of bifunctional 
chelating systems used as chelators for 90Y and 177Lu form competitive complexes with 
cations of copper, iron, nickel, zinc, lead etc. Therefore presence of these elements as 
impurities in the solvents used in the production process or in the final product influences 
negatively the labelling yield. The same relates to the excess of cold element in the low 
specific activity preparations and the excess of peptide needed to bind the required 
radioactivity of isotope. The variation in peptide amount and specific activity of the 
radiolabelled peptide effects the tissue distribution in both rats and humans, thus indicating 
that the sensitivity of the detection of tumours by receptor scintigraphy and the success of 
radionuclide therapy will vary with the mass of the radiolabelled injected [4]. All these 
considerations need to be in focus when designing the new radiopharmaceutical in order to 
assure its efficient use in clinical trials.   

References: 
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Radiopharmaceuticals incorporating the β- emitting radionuclide Re-188 are still attracting 
much interest for their potential application in nuclear medicine as therapeutic agents. There 
are many advantages of employing this class of radioactive compounds as briefly summarized 
in the following. 
(1) Re-188 emits a high-energy β- particle (2.1 MeV) that can be efficiently used to 

deliver high-dose radiation to the target. 
(2) Re-188 concomitantly emits a 155-keV γ photon that can be conveniently 

employed to obtain good-quality SPECT images of the biodistribution of Re-188 
radiopharmaceuticals and, ultimately, following in vivo the course of the therapy. 

(3) Re-188 has a relatively short half-life (17 hours) that may allow multiple 
treatments of the same patient’s disease. 

(4) Re-188 is a radiometal belonging to the same group of Tc-99m in the transition 
metal series of the Periodic Table, and shares with its cogener similar (though not 
identical) chemical properties that could be useful for designing a broad class of 
Re-188 radiopharmaceuticals having the same bioditribution properties of the 
corresponding Tc-99m analogues. 

(5) Similarly to Tc-99m, the radionuclide Re-188 is produced in high-specific activity 
through the 188W/188Re transportable generator system. 

 

A first challenge encountered in the attempt to develop efficient labeling procedures for Re-
188 was related to the low radiochemical yield usually observed in tracer-level preparations of 
Re-188 radiopharmaceuticals starting from generator-produced [188ReO4]-. This drawback is 
commonly associated with the low value of the standard reduction potential of the tetraoxo 
anion as compared to the corresponding Tc-99m pertechnetate anion. In recent years, we 
reported a simple and efficient procedure for overcoming this problem based on a general 
chemical principle called ‘expansion of the coordination sphere’ and involving the addition to 
the reaction vial of an ancillary ligand (usually, chelating hard-donor Lewis’bases) favoring 
the conversion of the tetrahedral arrangement of [188ReO4]- to a higher coordination 
geometry. Using this novel approach, we were able to obtain the high-yield preparation of a 
large number of Re-188 complexes having exactly the same molecular structure of the 
corresponding Tc-99m analogues, and clearly demonstrate that these matched-pairs of Tc-
99m and Re-188 complexes fully exhibit the same biodistribution properties. 

These findings opened the door to the application of a number of Re-188 
radiopharmaceuticals to the treatment of different neoplastic diseases. In particular, we 
developed Re-188 radiopharmaceuticals for the therapy of the following tumours: (a) Re-188 
labeled lipiodol for the treatment of hepatocellular carcinoma, (b) Re-188 labeled peptides for 
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the therapy of different types of peptide-receptor expressing tumors, and (c) Re-188 labeled 
biotin and bivalent haptens for the adjuvant treatment of breast cancer. 

Recently, we devised a remotely controlled, multi-reaction, synthesis module for the 
preparation of different classes of Re-188 radiopharmaceuticals under conditions that 
dramatically decrease the radiation exposure of personnel involved in Re-188 production. 
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Targeted α-particle radiotherapy is an appealing approach to cancer treatment because of the 
potential for delivering curative doses of radiation to tumor with minimal damage to normal 
tissue due to a range equivalent to only a few cell diameters. Compared with β-emitters they 
have significant advantages from a radiobiological perspective. The LET of 211At α-particles 
is more than 400 times higher than the β-particles emitted by 90Y, in addition the distance 
between ionizing events is almost the same as that between the two strands of DNA, yielding 
a high probability of creating non-repairable DNA damage. It gives the ability to kill cancer 
cells not compromised by hypoxia, dose rate effects or cell cycle position, enhancing their 
attractiveness for targeted radiotherapy. 

However, translation of the concept to the clinic has been slow, many obstacles had to be 
surmounted before clinical studies could be initiated, the first clinical evaluation of a 211At-
labeled mAb was made in 2001(1). This study circumvents many of the challenges to entering 
clinical studies with 211At. But several problems were encountered in maintaining efficient 
labeling with escalating radiation dose of alpha-particle likely related to radiolysis. The 
impact of the radiolysis produced by the α-particle over the labeling chemistry is much higher 
in comparison with typical β-emitters due to a deposition of energy in the solvent in a highly 
localized manner two orders of magnitude per unit volume higher than 90Y or 131I. 

Due to these difficulties a comprehensive basic science study about the radiolytic effects of 
astatine alpha-particles over the synthesis of 211At-labeled radiopharmaceuticals was carried 
out. Its main goal was overcoming the problem of the synthesis of 211At-labeled 
radiopharmaceuticals at the high activities necessaries for therapy and also to extend the shelf 
life of astatine elutions. Briefly this study held several steps, the first one was to study the role 
of solvent-related radiolytic effects over the astatination precursors in several solvents and 
pH. On the second step we studied the effect of the radiolysis-mediated process on the nature 
of the labeled product generated and the yields of the astatinated molecule used to label the 
mAb (SAB) as a function of the radiation dose and pH. Afterward we explored the effect of 
radiation dose on the astatine species present before initiation of the labeling reaction based 
on the hypothesis that 211At will react with highly reactive radiolytically generated species 
coming from the solvent, these studies were carried out only in methanol which the results 
from the previous two steps identificated as the optimal solvent for astatodestannylation.  

The results of the studies showed that astatine chemistry critically depends on the solvent 
where the reaction is carried out. The α-particle-induced radiolytic effects mostly work 
through interaction with the solvent, consequently the mechanisms and kind of damage 
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accountable for the decreasing on the astatination reactions yield will strongly depend on the 
solvent. Of the three solvent used as model of the solvent groups mostly utilized on the past to 
do astatination, aromatics, halogenated and alcohols, we showed that methanol was the 
optimal solvent for astatodestannylation. In benzene the solvent itself is pretty stable but the 
astatine is mostly trapped in reaction with the aromatic molecules. In chloroform there is a 
fast decreasing of astatination precursor mainly due to competitive reactions with free radicals 
coming from radiolytic degradation of the solvent (chlorine radicals mainly). In methanol the 
tin precursor remains largely intact with increasing radiation dose, instead the radioisotope 
itself is the most affected. The result probed that the astatine chemical form does become 
altered and converted to a reduced species with increasing radiation dose deposition to the 
solvent, the reation is also pH dependent; solid experimental evidence lead us to hypothesize 
that the reduced astatine is most likely astatide.  This reduction reaction turns out to be a main 
deleterious effects over astatination reactions at the high activities required for therapeutic 
purpose. 

This study provided critical information to understand the chemistry of astatine and its 
microenvironment at high activities hence high radiation field. This information was used for 
studies focus on the stabilization of the astatine from the consequence of its own radiation 
field to make possible astatination reactions at the high activities that therapy requires. 

(1)  Zalutsky MR, Zhao X-G, Alston KL, Bigner DD. High-level production of α- particle-
emitting 211At and preparation of 211At-labeled antibodies for clinical use. J Nucl 
Med. 2001;42:1508 –1515. 
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In 1993, the Vrije Universiteit Brussel (Brussels, Belgium) discovered in the blood of 
camelidae antibodies consisting of only a heavy chain. Due to the lack of the light chain only 
the variable part of the heavy chain is important for antigen binding. 

This variable part of these heavy-chain-only antibodies is a good candidate as a targeted 
therapeutic radiopharmaceutical and was called a nanobody, having a molecular weight of 
about 15 kDa. Its dimensions are included in between the small peptides like derived from 
e.g. somatostatin, and the classical monoclonal antibodies. This makes that some 
characteristics like the physical behaviour, the chemical stability, the penetration in tumour 
and in healthy tissues, and the blood clearance lie in between the characteristics of the small 
peptides and the monoclonal antibodies, therefore taking advantage of both extremes. 
Nanobodies have been humanised to decrease the immunogenic response. 

The building blocks of molecules such as the octreotide, nanobodies and monoclonal 
antibodies are amino acids linked via peptide bonds. The modification reactions are therefore 
all based on the same "peptide chemistry". The functional groups on the present amino acids 
will determine the possible reactions.  

In order to link a radionuclide to the nanobodies, we opted to use bifunctional ligands 
containing DOTA, because this is a suitable chelating agent for the diagnostic radionuclide 
Ga-68, and for therapeutic radionuclides such as Lu-177 and Y-90, covering short and long 
range β-particle emitters suitable for attacking a wide range of tumour sizes.  

The ratio of bifunctional ligand to nanobody can be varied by carefully selecting the 
functional groups of the peptide involved in the reaction with the bifunctional ligand, 
avoiding the complementarity determining region (CDR), i.e. the part of the molecule binding 
to the antigen. This is a first way to predetermine the amount of radionuclides that can be 
linked to the peptide, or the theoretical dose that can be given to the tumour by one peptide. 

Another way to steer the dose per peptide is the complexation yield and the specific activity 
of the radionuclide. For tumours having small amounts of tumour associated receptors or 
antigens, saturation of the target mechanisms can be compensated using radionuclide 
solutions with high specific activities resulting in a high radionuclide – to – peptide ratio.  

In this presentation, we will present the modification of nanobodies with DOTA based 
bifunctionalised ligands under several conditions, to understand how a radionuclide – to – 
peptide ratio can be altered by focusing on the reaction conditions. The chemical 
characterisation will be based on spectroscopical and spectrometrical techniques as well as on 
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chromatographic techniques. Complexation reactions with natural and radioactive 177Lu(III) 
will be performed too, and will be monitored with cold analytical techniques as well as by 
measuring the radioactivity. The way to steer the dose will be discussed. The presentation will 
be prepared in such a way that the chemical explanations are of use for all types of peptides. 
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Abstract 

 
In recent years, a high number of new developments in target therapies have emerged and the presence 
of peptide receptors and transporters at the cell membrane of several tumors constitutes the basis of the 
clinical use of specific radiolabeled ligands, such as Substance P (SP). SP is an 11-amino acid 
neuropeptide member of the family of tachykinins, characterized by the C-terminal sequence Phe-X-
Gly-Leu-Met-NH2. It has been well established that SP plays an important role in modulating pain 
transmission from peripheral and central primary afferents and this peptide may be also involved in 
the pathogenesis of inflammatory diseases. SP receptors are also found in brain, lymphoid tissues, 
vessels, gut smooth muscle, airway glands and bronchiolar walls. In receptor autoradiography of 
tumor specimens ex vivo, SP receptors were found on glioblastoma, medullary thyroid cancer, non-
small cell lung cancer and carcinoma of pancreas, but the incidence is low in the last two. The 
introduction of radiolabeled SP for peptide receptor radiotherapy can be an alternative to treat these 
tumors by radionuclide therapy or loco-regional instillation. Several radioisotopes have been applied 
to radiolabel peptides for radionuclide therapy and 6.7 day half-life 177Lu has emerged as a promising 
β− emitter for this purpose. The energy (497 keV) and mean range (670 μm) of lutetium-177 β 
particles are ideal for small tumors and micro-metastatic disease treatment. Because it also emits γ 
rays (208 keV, 11% abundance), imaging of 177Lu-labeled endoradiotherapeutic agents is also 
possible. The goal of the present work was to determine the best radiolabeling conditions and the 
stability of SP complexed to DOTA chelator, using 177Lu as radionuclide. The optimized condition 
was applied to produce a high activity and stable 177Lu-DOTA-SP, as a radiopharmaceutical for 
malignant tumors treatment. Substance P was radiolabeled at different conditions in order to determine 
the best radiolabeling methodology. The parameters studied were temperature (70 - 90° C), peptide 
mass (0,5 - 10 μg), time of reaction (15 - 30 minutes) and 177LuCl3 activity (37 - 400 MBq). 
Radiochemical purity was determined by instant thin layer chromatography (ITLC-SG) and high 
performance liquid chromatography (HPLC). In vitro stability of 177Lu-DOTA-SP was determined by 
ITLC-SG after storing at -20° C or 2-8° C for different times (1 to 7 days). Finally, methionine 
oxidation during radiolabeling procedures was evaluated by HPLC. A high radiochemical purity (> 
95%) and high specific activity of 177Lu-DOTA-SP was achieved when the reaction time was 30 
minutes, the temperature was 90º C and the ratio 177Lu activity / mass of DOTA-SP was 18.5 MBq/μg. 
The peptide remained stable for more than 72 hours of storage at 2-8° C. The ratio was used in the 
experiments applying high activity 177Lu (925 MBq – 4.81 GBq) and a high radiochemical purity was 
obtained for all reactions performed. However, these preparations did not remain stable after storing at 
-20° C, and a solution of gentisic acid (GA) was added to the radiolabeling mixture at the end of the 
reactions. GA had significant stabilizing effect and inhibited the radiolysis of frozen 177Lu-DOTA-SP. 
HPLC analysis confirmed the high radiochemical purity of high activity 177Lu-DOTA-SP, but also 
showed considerable methionine oxidation. Methionine oxidation showed to be dependent of 177Lu 
activity and can be avoided by the addition of methionine amino acid during 177Lu incorporation by the 
molecule. Based on the results described, a formulation method has been development for 177Lu-
DOTA-SP at a therapeutic dose level. Further studies are in development in order to evaluate the 
radiopharmaceutical´s in vitro target to tumor cells. 
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