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1. INTRODUCTION

In recent years, the development of radiopharmaceuticals for targeted radiotherapy has
emerged as one of the most promising areas of nuclear medicine. Radiotherapy using labelled
compounds is an attractive alternative to conventional external beam radiation because of the
potential for utilising the molecular properties of the radiopharmaceutical to selectively focus the
radiation on malignant cell populations while sparing neighbouring normal tissues. By avoiding
dose-limiting toxicity to normal organs, it has been possible to deliver palliative and sometimes
curative doses of radiation to tumour in clinical settings in which external beam and other
traditional therapies fail.

Clinical experience with targeted radiotherapeutics is increasing rapidly, and promising results
are being reported with some of these radiopharmaceuticals. One area that has been pursued is the
palliation of bone pain resulting from osseous metastases. Reduction of bone pain symptoms has
been achieved with many of these agents, and in selected patients, some regression of osseous
metastases has been observed. Another area in which targeted radiotherapy has shown encouraging
results is the use of radiolabelled monoclonal antibodies for the therapy of haematopoetic
malignancies. Significant tumour regressions have been achieved in lymphoma and leukaemia
patients that have been treated with radiolabelled antibodies. A number of groups have also
successfully treated tumours by non-intravenous administration of the radiotherapeutic. For
example, significant survival prolongation has been observed in malignant brain tumour patients
treated with radiolabelled monoclonal antibodies administered via intra-tumoural routes. There have
also been successful applications of therapeutic radiopharmaceuticals outside the domain of
oncology. For example radioactive particulates have been used to treat rheumatoid arthritis in a
cost-effective manner.

2. REVIEW OF RADIOPHARMACEUTICALS USED FOR THERAPY

Iodine-131 is widely used for treating hyperthyroidism and thyroid carcinoma. Intra-articular
administration of various colloids, or particles labelled with l65Dy, 186Re, 90Y and l66Ho, (e.g. 90Y
silicate) are effective in rheumatoid arthritis. Radioactive phosphorus, as j2P-orthophosphate has
been used for decades for the treatment of myeloproliferative disorders, such as polycythemia vera.
Active uptake of 131I-m-iodobenzylguanidine (MIBG) in tumours derived from neural crests can
result in a very high tumour uptake and low soft tissue (non-tumoural) uptake. For the palliation
therapy of painful bone metastases a number of radiopharmaceuticals are available. Compounds that
have been investigated to date include simple salts of Sr-89 and P-32 as well as phosphonate
complexes or conjugates labelled with l86Re, 188Re, 153Sm, 90Y, "7Sm, and 13II.

Locoregional applications of therapeutic radiopharmaceuticals are used when inoperable
tumours are localized in an organ which may be targeted more directly via the arterial route to take
advantage of the fact that tumours have a greater arterial blood supply than surrounding normal
tissues/organs. 131I labeled oil and 90Y glass spheres are trapped in the arteries and capillaries of
tumours and therefore are effectively used in hepatocellular carcinoma and liver metastases.

During the last 5-10 years, due to the significant progress in various fields of science (target,
radio- peptide-chemistry, biotechnology, etc.), a number of new radionuclides, tumour antigen
binding monoclonal antibodies, regulatory peptide analogues and bifunctional complexing agents
are available for the more effective therapeutic application of radiopharmaceuticals.



Beta-emitting radionuclides of particular interest include: 186Re, l88Re, 153Sm, 166Ho, 57Cu,
alpha emitters: 211At, 2ljBi and emitters of Auger and internal conversion electrons: I23I, I24I, 123I,
77Br, 67Ga, and 201Tl.

The applications of monoclonal antibodies (MoAbs) were initially diagnostic
(radioimmunoscintigraphic) but have now progressed to therapy (radioimmunotherapy RIT).
MoAbs directed against various antigens associated to specific tumour types serve as selective
carriers of radionuclides to tumour cells expressing antigens/receptors in-vivo. RIT requires a very
stable attachment of the radionuclide to the carrier MoAb because unbound radionuclides may
target normal tissues, thus increasing normal organ and whole body doses. Radiolabelling of MoAb
using halogenic radioisotopes is well established but to provide strong metal binding sites on
MoAb's the use of bifunctional chelates is necessary. Some of the more commonly used chelates
are: DTPA derivatives (90Y, 153Sm) EDTA-4-ICE (47Sc), N3S-amide ligand (186Re), DOTA-
derivatives (mIn,153Sm) TETA-derivatives (67Cu) and HYNIC (188Re).

The table below provides examples of some monoclonal antibodies that have been used
successfully for radiotherapeutic studies. Antibodies which internalize into tumour cells and bind
intracellular components may hold the promise of a greater therapeutic effect.

Monoclonal Antibodies Used for Radioimmunotherapy.

MoAB Isotype Specificity Internalization

lymphomas ++

Breast, squamous +/
CA, astrocytoma
colon CA ?

Regulatory peptide analogues labelled with particle emitting radionuclides constitute a new
group of clinically very promising agents. Somatostatin and their analogues have been studied
extensively, octreotide binding to somatostatin receptor subtypes (sst 2 and sst 5) and labelled with
'"in has proved highly efficient for scintigraphic detection of neuroendocrine tumours. The same
analogues have been conjugated with the bifunctional chelating agent (DOTA) and labelled with
90Y. In animal experiments using rats bearing somatostatin receptor-positive pancreatic tumours,
treatment showed complete remission in most of the animals and early clinical trials look most
promising. Because of the renal excretion and retention of this radiopharmaceutical renal toxicity is
the limiting factor. The use of cationic amino acids (like lysine) may reduce this problem.

Anti

Anti

Anti

CD-20
CD-33
CD-45
Lym-1
EGFr

CEA

IgG2a

IgG2a

IgGl



3. NEED FOR LABORATORY TECHNIQUES FOR COMPARATIVE EVALUATION:

Therapeutic radiopharmaceuticals consist of two components-the radionuclide and the
biological carrier. With regard to the radionuclide, an advantage of targeted radiotherapy is that
there are a wide variety of radionuclides with different physical half-lives and radiation qualities
that can be applied for this purpose. An important task is to select a radionuclide that is compatible
with the needs of a particular clinical application. The first factor that must be considered is to
match the physical half-life of the radionuclide with the kinetics of tumour uptake and washout of
the carrier molecule under consideration. The second is that the range and biological effectiveness
of the radiation emitted by the radionuclide be well suited to the geometry, anatomical location and
radiosensitivity of a particular tumour. The range of most beta particles in tissue is about 1 to 10
mm, and beta emitters are the type of radionuclide that is used most commonly in clinical
radionuclide therapy. Alpha particles traverse only a few cell diameters and are exquisitely
cytotoxic due to their high linear energy transfer (LET) character. Auger electrons have subcellular
ranges and can be quite effective when used in tandem with molecules that internalise into the
tumour cell, particularly if they undergo significant translocation to the tumour cell nucleus.

The biological carrier can vary in size from a small organic or inorganic molecule to a large
protein such as an antibody. Even for antibodies, one must evaluate the relative merit of constructs
ranging in size from an intact IgG (150,000 molecular weight) to a scFv fragment (26,000 molecular
weight). Parameters that must be considered include avidity of binding before and after labelling,
stability of the labelled molecule in vivo, and tumour uptake and washout kinetics. Clearly, these
variables are themselves dependent on the chemical nature of the radionuclide and the method of its
attachment to the molecular carrier.

Thus, the identification of the ideal targeted radiotherapeutic for each potential clinical
application is a difficult task because of the multitude of variables that must be considered, some
relating to the radioisotope, and others to the biological carrier. Comparing various agents in
patients is certainly useful; however, this tactic may not be ideal for several reasons. First,
significant time and resources would be required to obtain regulatory approval for each
radiopharmaceutical to be investigated. And second, considerable numbers of patients must be
studied to correct for variation in tumour characteristics among different patient populations so that
statistically meaningful differences can be discerned. For this reason, the development of laboratory
methods which can be used for reliable and efficient comparative evaluation of promising
therapeutic radionuclides and radiopharmaceuticals is important, because it should permit more
rapid identification of the optimal therapeutic for a given clinical application.

Hence it is recommended that a Co-ordinated Research Programme be established by the
Agency to enable participants to acquire and intercompare the methodological expertise to evaluate
the relative merit of therapeutic radiopharmaceuticals. These studies will be performed using a
model system selected either from those described in this report or a promising agent that has
emerged in the time since this meeting. The molecular carrier will be labelled with 131I, 125I as well
as other therapeutic radionuclides available to the participant (for example, 90Y, 186Re, l88Re, l33Sm,
166Ho, 165Dy). The potential radiopharmaceuticals will then be compared in a progression of studies
evaluating biological integrity after labelling, internalisation and residualization of radioactivity in
the tumour cell, in vitro cytotoxicity, tissue distribution, normal organ toxicity (determination of the
maximum tolerated dose) and finally, therapeutic efficacy. It is expected that this research
programme will provide the participants with the methodologies and evaluative capabilities needed



to make prudent selections among therapeutic radiopharmaceuticals of potential value for clinical
treatment of diseases of particular medical significance in the participant countries.

4. MODEL SYSTEMS FOR EVALUATION OF THERAPEUTIC
RADIOPHARMACEUTICALS

In choosing model systems for evaluating radiopharmaceuticals for targeted radiotherapy,
three main issues were considered. The systems should allow (I) for the comparison of nuclides
with different radiation characteristics, (II) the comparison of targeting to the cell surface with
intracellular targeting, in the case of internalizing molecules, and (III) a comparison of differently
sized targeting molecules should be possible to include an evaluation of the influence of
pharmacokinetics on the targeting efficiency.

Readily available biological carriers and precursors for labeling were chosen. These are
agents where established labeling procedures are available, making the radiolabeling a routine
matter. It was agreed that all the proposed model systems should relate to clinically relevant
situations. Finally, the model system chosen should allow the investigator to acquire an array of
methods and skills for evaluating in-vitro and in-vivo efficacy of the radiopharmaceutical.

Six possible models were considered:

1. Targeting of the Transferrin Receptor:
Transferrin receptors being over expressed in a large number of tumour cells permit the use of the
metal binding internalizing protein transferrin to deliver radioactivity intracellularly. A comparison
of radioiodinated (125I, 123I, 131I) and radiometal-labelled (90Y, l33Sm) transferrin is possible with
anti transferrin receptor antibodies, which deliver the same nuclides to the cell surface.

The system allows a full in-vitro and in-vivo analysis and characterization ranging from in-
vitro cell binding, internalization and cytotoxicity tests to in-vivo biodistribution and tumour uptake
studies, as well as in-vivo evaluation of anti-tumour efficacy and toxicity.

2. Targeting neuroblastoma with MIBG and with antibodies binding to NB-associated cell
surface antigens:
Radioiodinated (123I, I23I, I31I) MIBG, with its rapid cellular uptake and internalization can be
compared with available anti NB antibodies (anti N-CAM, anti GD2) which target the cell surface.
Antibodies can be radioiodinated as well as labelled with nuclides, such as 90Y, ' Re, and Cu.
The very different pharmacokinetics of MIBG and mAbs provide the possibility to investigate how
the half life of the therapeutic nuclide is best matched to the pharmacokinetics of the delivery
vehicle. The system allows a complete in-vitro and in-vivo characterization of cell binding,
internalization, cytotoxicity, tumour uptake, efficacy and toxicity.

3. Targeting with monoclonal antibodies (mAbs):
13lI-labeled anti Lymphoma mAbs are currently in phase II/III trials and show promise as
therapeutic agents. Internalizing (anti CD20, CD33, CD45) and non-internalizing anti lymphoma
Abs can be radioiodinated and compared with their radiometal nuclide labelled forms. Other
antireceptor mAbs where internalizing Abs are available include anti EGF-receptor mAbs, and anti
c-erbB2. Other mAbs of interest, which are available, are directed against muc-1, tenascin, and
CEA. Mabs belong to the best tumour targeting vehicles and both radiolabeling techniques as well
as the methods for full bioevaluation are well developed and standardized.



1. Targeting peptide receptors
Octreotide-derived peptides, such as Tyr-3-octreotide are used clinically in 90Y-labeled form. They
could be labeled with the iodine nuclides 125I, 123I, 131I, as well as with 188Re. Receptor binding
peptides can be fully characterized in the in-vitro cell binding/internalization assays as well as in the
in-vivo tumour uptake, anti-tumour efficiency and toxicity tests. During the course of the CRP other
peptides may emerge with potential for tumour targeting.

2. Particles,
such as colloids, MAA, HAM, Iiposomes, resins, glass, and other polymers can be labelled with the
iodine nuclides as well as with a number of therapeutically interesting beta emitters, such as 153Sm,
32P, 90Y, 131I, and !86/188Re. This system, which does not involve targeting via receptor binding but
by physical characteristics is clinically relevant and uses a simple system for labeling. However,
there is limited scope for bioevaluation since although some pharmaceutical analysis and stability
testing can be performed,, bioevaluation is limited to in-vivo biodistribution and toxicity testing.

5. Bone seeking phosphonates
(HEDP, EDTMP, Pamidronate) are clinically used labeled with a number of metallic radionuclides.
They could also be evaluated in P-labeled form or labelled with a variety of radiometals.
Pharmaceutical analysis can be worked out and biodistributions and toxicity in animal models can
be analysed. As with the particles, the clinical significance is obvious, however, a number of
important bioevaluation tests, such as in-vitro cell binding and internalization as well as in-vivo
tumour uptake and anti-tumour activity cannot be exemplified by this system.

5. PLAN OF INVESTIGATION

It is proposed that a well defined plan of investigation be devised which will allow the
participants to acquire and assimilate the wide range of techniques required for a critical evaluation
of a therapeutic radiopharmaceutical. These procedures will be those which are normally required as
part of the process of registering a new radiopharmaceutical and the programme will thus help to
provide an infrastructure able to support the clinical application of targeted radiotherapy.

This plan of investigation should be one that can operate within any of the possible model
evaluation systems described above. Any such programme will need to include the following
aspects:

Radioiabelling and Analytical Procedures

All of the evaluation systems permit the use of a variety of radionuclides. However, to allow
the participants to compare their results, a standard radiopharmaceutical should be identified which
can be investigated in each centre. A standardised labelling procedure should be defined together
with a robust system of analysis which can be employed to ensure that this "standard" reagent is, in
fact, largely identical in each of the participating centres and is of the high quality considered
necessary for a radiotherapeutic radiopharmaceutical. Participants may also choose to prepare
additional preparations, for example, the same vector labelled with a different radionuclide, or an
alternative vector labelled with the same radionuclide which they can compare with the standard
using the techniques listed below.



Interaction of the Radioligand with its Target

The efficacy of most radiotherapeutic applications depends on the interaction of the
radioligand with a biological target molecule in-vivo. The first step in the evaluation of a
radiolabelled tracer is therefore to determine its capacity to interact with this target in-vitro. In its
most simple form, this assessment can be carried out in a non-cell based system by measuring the
binding of the radiopharmaceutical to either an organic substrate, a purified epitope, an expressed
soluble receptor or a cell membrane. Depending on the nature and stability of the target, however, it
may be necessary to undertake this evaluation in a living cell-based system. Within such systems it
is also possible to measure the degree and rate of internalisation of the radioligand and, since the
efficacy of the radionuclide may well depend upon its precise location, its sub-cellular localisation
should also be determined.

Functional Aspects of the Radioligand

Wherever possible, the therapeutic potential of the radiopharmaceutical should also be studied
in an in-vitro system before proceeding to the in-vivo situation. These effects may be either lethal or
sub-lethal in nature. Cytotoxicity may be studied either directly, by determining the ability of the
membrane of the irradiated cells to either exclude or include dyes (eg MTT, trypan blue) or
indirectly in a clonogenic assay which determines the ability of cells to divide and grow. These
types of studies may be performed on single cell suspensions, on cells growing in monolayers or
microculture systems or in groups of cells growing as spheroids. The best choice of system will
depend upon the nature of the target molecule, the physical range of the emitted particles and the
likely ultimate clinical application of the radiopharmaceutical.

Effects that are initially sub-lethal may still ultimately indirectly result in cell death. These
may be generally studied using metabolic assays such as measures of radiolabelled thymidine or
amino-acid incorporation. More specific, non-lethal effects will require the use of more specific
assays. For example, since low levels of radiation are known to be apoptotic, this effect may be
usefully studied. This can be done using TUNEL assays based upon the ability of tagged
oligonucleotides to bind to the ends of DNA strands cleaved during apoptosis.

Biodistribution

An effective therapeutic radiopharmaceutical should show high uptake in target tissues and
low uptake in non-target tissues. Clearly the former requirement can only be measured in an animal
model which contains cells which carry the target molecule, most commonly a tumour cell-line. The
easiest tumour models to generate are syngeneic models since these can be established with normal,
immunocompetent rodents that are both cheaper and easier to maintain. However, not all target
molecules of interest are expressed on mouse or rat tumours and therefore it will often be necessary
to use human-tumour cell lines. These can only be grown in immunocompromised animals such as
'nude' or SCID mice that need to be housed in isolators to prevent death from infection. The
biodistribution and in-vivo stability of the radiopharmaceutical can initially be usefully measured in
normal animals. Those preparations which show unacceptably high normal tissue uptake or poor
stability can be discarded before proceeding to studies in the more complex tumour models. The
degree of uptake and retention of the radiopharmaceutical in the target should then be determined in
a suitable tumour model following the administration of tracer levels of radioactivity. As well as
measuring the global uptake, the regional distribution of the radioactivity within the tumour should
also be determined to see if this is homogeneous or heterogeneous in nature. This is most



conveniently assessed by autoradiography. If the radiopharmaceutical is known to be internalised in
vitro, then it would also be useful to determine the degree of internalisation in-vivo,

Dosimetry

Following biodistribution studies it is helpful to calculate the likely radiation dosimetry for
tumour and normal tissues in the model using either conventional Macro (e.g. MIRD) or
microdosimetric approaches. Such calculations may give a prediction of the likely efficacy of the
radiopharmaceutical.

Toxicity

Before proceeding with a practical measure of the therapeutic efficacy of the compound, it is
necessary to determine its toxicity. This can either be done in tumour-bearing animals or in a non-
tumoured version of the same strain. While ultimately it may be necessary to undertake both acute
and chronic toxicological studies before proceeding to clinical trials, an indication of the likely
dose-limiting acute toxicity is necessary to permit the dose schedule for pre-clinical studies to be
determined.

Efficacy

The therapeutic efficacy of the compound can ultimately be determined directly in the animal
tumour model. Depending upon the model employed, efficacy can be determined either through
direct measurement of tumour volume or by assessment of survival. The design of such studies is
complex. Consideration should be given to the size to which tumours are allowed to grow before
treatment is initiated. A dose escalation should be performed with initial doses commencing well
below the maximum tolerated dose (MTD) and increasing until either 100% cure or unacceptable
levels of toxicity are encountered. Efficacy studies in which two significantly different
radiopharmaceuticals are compared require particularly careful design to ensure that they do not
'favour' one of the candidates. Comparisons may usefully be made at levels of equal doses of
radioactivity, equal levels of radiation dose or by comparing performance at the MTD's of the two
compounds. Care should be taken in extrapolating the results of efficacy studies in animal models to
likely effects in clinical trials since even the best animal models are not truly predictive of human
disease.

This plan of investigation can be divided into three phases which should be considered in
conceptual rather than temporal terms.

WorkplanoftheCRP

Phase I Radio chemistry (I yr)

Implement radiochemical procedure
Synthesis, purification, radionuclidic and radiochemical purity measurement
Validate biological integrity
Cell binding
Stability in for example, PBS, serum, other biological media

Phase II- in-vitro studies (2 yrs)



Establish in-vitro models
Kinetics of binding and dissociation
Internalisation
Cytotoxicity including controls in single cell, microcolony/spheroid
Interpretation of results - relationship to dosimetric considerations

Phase HI in-vivo studies (2 yrs)

Establish in-vivo model(s)
Biodistribution
In-vivo stability studies
Dosimetry
Determination of MTD
Therapeutic efficacy including controls
Interpretation of results in relationship to dosimetry and in-vitro cytotoxicity

6. RESOURCES AND FACILITIES REQUIRED FOR PARTICIPATION IN THE CRP

Because of the multidisciplinary nature of the programme, teams of experienced participants
with a range of scientific backgrounds and expertise would be desirable including:

• Preparation and analysis of radio labelled compounds
• Detection and measurement of a range of types of radiation
• Radiobiology
• Radiation dosimetry
• Cell biology
• Animal biodistribution studies

Equipment required
Radiolabelling facilities
Beta and Gamma counters
HPLC with UV and radioactive detection
Chromatography devices
Polyacrylamide Gel Electrophoresis equipment
UV spectrophotometer

Tissue culture facilities
Animal facilities, ideally Pathogen-free
Refrigerated centrifuge
Autoradiography
Microscope
Ice machine
Cold (4°C and -20°C) storage

Materials required (Neuroblastoma model)

Cold metaiodobenzyl guanidine
Tri-methylsilylMlBG precurser
Anti-neuroblastoma antibodies eg chl4. 18 (Reisfeld) (0.5-1 gramme)
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Human neuroblastoma cell lines eg SK-N-SH, SK-N-BE(2C)
Murine neuroblastoma cell lines.

7. CONCLUSIONS AND RECOMMENDATIONS

1. Targeted radiotherapy is an important area in Nuclear Medicine and new therapeutic
radiopharmaceuticals can be expected to be developed in this field in coming years.

2. It would be appropriate to establish a CRP in order to establish the techniques required to
evaluate these new agents.

3. In view of the complexity of the programme, it is recommneded that a duration of 5 years be
allocated to this programme.

4. This CRP should be based on a model system which allows the participants to gain
experience in the full range of techniques required for this evaluation. However this model
system should also have relevance to the clinical situation.

5. A number of possible model systems with their attendant advantages and disadvantages are
listed above.

6. In the view of this panel of experts, the neuroblastoma model is, at the present time, the most
attractive since it offers the possibility of combining clinical relevance with the widest range
of laboratory techniques. The next choice is the lymphoma model, which also has clinical
relevance and a choice of internalising and non internalising Mabs.
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PROVISIONAL A GENDA

Wednesday, 1 December 1999

09:00 Opening of Meeting
Adoption of Agenda
Election of Chairman
Administrative arrangements

10:00 Presentations of overview of the status and trends in laboratory methods
for evaluation of therapeutic radiopharmaceuticals
Michael Zalutsky, USA
Thomas Behr, Germany
Gyozo Janoki, Hungary
Use Novak, Switzerland
Stephen J. Mather, UK

14:00 Discussions on approaches to evaluating therapeutic radiopharmaceuticals
Need for laboratory methods for comparative evaluation of different
groups of agents
Grouping of different therapeutic agents-(by decay characteristics, by
carrier molecules, by target organs, by disease process) for relative
assessment
Optimum methods for preparation and QC of different agents
Indices for assessing relative effectiveness
Relative toxicity to critical organs
Biodistribution studies and radiation dose estimates
Studies in animal tumour models
In-vitro cell culture studies
Suitablity of the subject for an Agency Co-ordinated Research Project
Specific definition of the theme of the CRP and experimental approach
Identification of facilities required and potential participants
Expected outcome of the CRP



- 2 -

Thursday, 2 December 1999

09:00 Discussions continued

14:00 Drafting of report of the meeting and recommendations to the Agency

Friday, 3 December 1999

09:00 Drafting of report and recommendations to the Agency continued.

The meeting will be closed as soon as the report of the meeting is finalised
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