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Abstract. Cancer treatment is the main theme. For this, there are four requirements: an understanding of cancer,
of radiobiology, of the relevant physics, and of nuclear medicine. This small review high-lightens the major basic
issues leading to receptor-targeted radiotherapy.

REVIEW

Cancer is now explained as a series of somatic mutations leading from the normal cell to the
cancer cell. There are subtle differences between these two that can be exploited for therapy. The
response to a mutation in DNA base pairs is repair. DNA that fails to be repaired triggers the P53
mechanism leading to apoptosis, death of the cell without release of contents. Mutations in the
development of cancer overcome the DNA repair mechanisms, alter P53 so that it fails to trigger
apoptosis and change the cell cycle from differentiation to proliferation. The control of these
processes while inherent in the genetic material is triggered by events around the cell. These are
sensed by receptors, responsive to hormones, cytokines, chemokines, and other biologically active
substances. The information is transmitted from the cell surface to the nucleus by signal transduction
for which a dozen pathways are described. Therapy of cancer therefore can be targeted at one or many
of these processes. Cancer might be identified and treated by targeting the Oncogene with, for
example, an antisense radiolabelled oligonucleotide such have already been labelled with Tc-99m but
yet with therapy agents. Signal transduction can be targeted by gene therapy which needs monitoring
and the use of FIAU labelled with 1-131 appears promising. Targeting the cells' surface by receptor
binding radionuclide therapy ligands or by radioimmunotherapy are in clinical trials.

Radiobiology developed for external beam therapy is inappropriate for nuclear medicine.
External beam therapy delivers a high dose over a short time where single or double DNA strand
breaks are the main consequence. Radionuclide therapy is delivered continuously in decreasing
amounts over a long time depending on the half life of the radionuclide and its residence time,
whereas calculations of effect tend to be related to external beam doses. Mechanisms for its success
are much more subtle. They include triggering of apoptosis through the ceramide pathway by an effect
of radiation on the cell surface. At low levels there is induction of free radical scavengers which
prevent cytoplasmic damage to signal transduction, but higher levels can damage this process. There
is a non uniform distribution of dose, particularly targeting and irradiating clonogenic cells which
have the better blood supply and the higher compliment of receptors or antigens. Whereas external
beam radiotherapy is fractionated to improved its effect, radionuclide therapy is a form of continuous
fractionation. Radionuclide therapy may alter the cell surface so that it becomes immunogenic, a
proposal made by Beierwaltes as part of the mechanism for treatment of thyroid cancer with 1-131
many years ago. Cell necrosis as distinct from cell apoptosis generates an immunological response.

Physics. The choice of radionuclide for therapy is well illustrated by bone metastases. The
question is whether to treat the invading edge of the metastases interacting with normal bone which
generates pain for which a short path length soft radiation agent such as Sm-153 would be
appropriate, sparing the marrow; or should one use an agent that also irradiates the marrow where the
malignant cells are, to combine a palliative with a potential therapeutic response, but at the cost of
damaging the normal marrow cells, such as with P-32 or Sr-89. Should one go for a short-lived
radionuclide such as Re-188, a medium lived radionuclide such as Y-90 or Re-186 or a long lived
radionuclide such as P-32. The same questions apply to radio-labelled peptides and antibodies. Is the
radionuclide carrier bound to the cell surface , or internalised? For the former, a Beta emitter is
required, for the latter an emitter of Auger electrons or even alpha particles can be considered. The
range of the Beta particle is important. Should one go for cross talk because of heterogeneity of the
distribution of cancer cells with a mix of receptor or antigen positive and negative as compared with
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those that require homogeneity of receptor antigenic expression. The size of the tumour is another
consideration, soft Betas for micrometastases, medium range Betas for small tumours and hard Betas
for larger tumours. The site of the therapy is important. For therapy to cavities where there is a chance
of escape of the radionuclide into the blood, then a high energy short lived radionuclide may be
preferred, so that irradiation is completed before escape. For direct tumour injection when there is no
escape as in a brain tumour, a longer lived radionuclide may be preferred. Where the tumour has good
access in the blood such as leukaemia, then an intravenous injection of an alpha or beta emitter may
be used, similarly for lymphoma, but for a solid tumour with poor access, a two or three stage
approach, pretargeting the tumour is required to improve the therapeutic ratio. Differential residence
time may also be required, making use of the rapid renal clearance of a small radiolabelled ligand
from the blood as compared to its persistent residence on the tumour for which a long lived
radionuclide such as P-32 would be preferred.

Nuclear medicine. The model for all radionuclide therapy is that of 1-131 therapy for thyroid
disease. The rules include:

Demonstration of uptake of a tracer dose of radio-iodine before initiating a therapy dose, rapid
excretion of the agent that is not taken up by the tumour, a long lived beta emitter, lack of suppression
of the immune response of the patient and repetition of the therapy at 6 monthly intervals. The use of
1-131 tracer doses for reviewing the patient at 6monthly and yearly intervals may be replaced by a
combination of thyroglobulin assays and 1-123 imaging when thyroglobulin increases. The problem is
that at 2mCi of 1-131 tracer which avoids stunning is not sufficient to detect in some patients
metastases subsequently seen by 1-131 therapy, whereas a large dose of 1-131, 10 mCi, causes
stunning and a therapeutic effect reducing the efficacy of the subsequent 1-131 therapy. We have
shown that 5 mCi 1-123 demonstrates metastases in over 95% of cases where 2mCi 1-131 tracer doses
have failed, yet subsequent 1-131 therapy has shown uptake in metastases. The same rules generally
apply to therapy with 1-131 MIBG where 1-123 MIBG is recognised as the appropriate tracer to prove
uptake. In neuroendocrine tumours which fail to show concentration of MIBG, the use of Y-90
Lanreotide, the Mauritius project, or Y-90 DOTATOC are proving efficacious. Bifunctional
genetically engineered designer molecules with a bivalent binding site for the tumour and a bivalent
binding site for the radionuclide therapy ligand in a two or three stage procedure is the way forward
for solid tumours. This is currently achieved using combinations of Avidin and Biotin such as the
Paganelli procedure: Biotinylated antibody, Avidin chase and Biotinylated radionuclide 90Y. Cancer
specific targeted therapy is the goal.
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