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Abstract. The targeting characteristics of, combined with the ease of radionuclide conjugation to, monoclonal
antibodies makes them ideally suited for the selective delivery of potentially cytotoxic radioactivity to tumour.
While early murine monoclonal antibodies were immunogenic, precluding repeat administration, genetic
engineering has made possible the development of less immunogenic molecules, including fragments that can be
grown in bacterial systems at relatively low cost. It is therefore currently feasible to produce relatively non-
immunogenic tumour targeting antibody molecules at a reasonable cost, permitting their application in
developing countries. As with chemotherapy, the utility of radioimmunotherapy has been most evident in
lymphoma and leukemia. Progress in solid tumours has been exciting but slow. As with thyroid cancer therapy,
the most utilized radionuclide in radioimmunotherapy has been iodine-131. The use of radioimmunotherapy as
first- or second- line therapy in lymphoma and leukemia is being studied, and it appears likely that
radioimmunotherapy could be a suitable, lower-cost alternative to chemotherapy in the treatment of these
disorders, especially in developing countries. The cost-benefit of radioimmunotherapy compared to
chemotherapy is especially stark when the cost of treating complications of chemotherapy is taken into account.
Radioimmunotherapy as cost-effective therapy in developing countries is therefore feasible and has tremendous
potential. This review will highlight milestones and pitfalls; suggest guidelines for future development; and
outline potential clinical utility for radioimmunotherapy in developing countries.

REVIEW

Monoclonal antibodies are ideal for use in targeted therapy. They offer considerable tumour
specificity, with high (nanomolar) affinity. They can be conjugated with cytotoxic agents.
Radionuclides of therapeutic potential, when labelled to antibodies, offer the promise of selective
deposition of cytotoxic radioactivity in/around cancer cells, with minimization of side-effects.

Early studies with polyclonal antibodies [1] demonstrated proof-of-principle. The development
of monoclonal antibody technology [2] permitted production of antibody with reproducible
characteristics; clinical trials with radiolabelled antibodies against antigens, notably CEA [3, 4],
followed shortly thereafter. The immunogenicity of murine monoclonal antibodies led to the
characterization and production of potentially less immunogenic antibody forms, including chimeric
[5] and humanized [6] immunoglobulins (usually IgG), and "truncated" forms, including fragments
(Fab' [7] and sFv [8]).

As with chemotherapy, therapeutic progress with radioirnmunoconjugates has been most
evident in the non-solid tumours. B-cell lymphoma was an ideal first opportunity; the diseased B-cell
would be less likely to mount an immune response to murine antibody. Seminal work with anti-CD20
antibodies (murine and chimeric) both with [9] and without [10] bone marrow rescue showed
significant complete and overall major responses in patients with refractory transformed low-grade or
intermediate grade lymphoma. Current clinical trials with iodine-131 labelled anti-CD20 antibody
have shown promising results; an important feature of this multi-national, multi-center trial has been
the ability to ship 131I-antibody from a central facility to remote locations in different countries,
without loss of immunobiologic function.

Initial work with a murine anti-CD33 antibody in myelogenous leukemias demonstrated [11]
the characteristics of rapid targeting and therapeutic efficacy, especially in acute promyelocytic
leukemia [12]. The antibody was invariably immunogenic, precluding repeat therapy. Subsequent
studies with humanized Ml95 have shown that targeting is comparable [6] , while in vitro and ex vivo
analysis has shown that there is significant internalization of antibody subsequent to interaction with
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the CD33 receptor. Early work, using radiometals with varying half-lives and emission characteristics,
has shown promise [13].

Larson et al [14] pioneered radioimmunotherapy in solid tumours (using both intact
immunoglobulins and fragments); progress in solid tumours has since been disappointing (again as in
chemotherapy). As with radioimmunotherapy in hematologic neoplasms, primary dose-limiting
toxicity has been hematologic [15]. Murine antibodies have been immunogenic [15, 16]. Several
radioimmunoconjugates, some recently approved by the FDA for radioimmunodetection of occult,
solid tumours, consist of antibody Fab' fragments conjugated to technetium-99m [7, Verluma™], and
these smaller forms may be less immunogenic. Apart from confirming selective targeting of
radioactivity to tumour, these trials demonstrated that myelotoxicity was primarily a function of
radiation dose to marrow [17]. Clinical trials with chimeric and humanized radioimmunoconjugates
are under way; while responses are few and far-between, these radioimmunoconjugates are certainly
less immunogenic [6, 18], and future trials must therefore increasingly focus upon using initial
"scout" doses of radioimmunoconjugate to calculate absorbed dose to critical organ and administer
the corresponding radioactive amount of radioimmunoconjugate; this methodology is already widely
used in calculating the "safe doses" of 131I therapy in differentiated thyroid carcinoma [19].

Iodine-131 has been the most widely used radionuclide. Its beta-minus emissions offer
therapeutic potential, and its gamma emissions permit imaging. Advances in radiochemistry have
made possible the conjugation of an array of radionuclides with therapeutic potential — from those
with beta-minus emissions, such as yttrium-90, and other similar nuclides (186Re, 188Re, 177Lu) to those
with alpha emissions, such as 2UAt and 2l3Bi — and trials with these radioimmunoconjugates are
under way.

The primary challenge to radioimmunotherapy is increasing selective radiation dose to tumour.
Decreasing the size of the molecule increases tumour:non-tumour ratios of antibody uptake, more than
offsetting any decrease in absolute tumour uptake. We have studied antibodies not only against
tumour-associated cell surface antigens, but also against fibroblast activation protein (FAP), found
selectively on tumour stroma [20]. Bi-specific antibodies have been developed; one arm of the
immunoglobulin recognizes the tumour-associated antigen, while the other arm interacts with another
ligand [21, 22, 23]. Several clinical trials have been initiated using this methodology; while it is
possible to give higher amounts of radioactivity, it is as yet unknown whether the overall tumounnon-
tumour ratio is higher.

Radioimmunotherapy, using non-immunogenic proteins, has particular attraction for developing
countries. Most importantly, the therapy offers specificity. Toxicity is hematopoietic, and has been
reversible. The development of dosimetric models to predict myelotoxicity will minimize toxicity.
While the cost of radioimmunoconjugate is not trivial, it should be comparable to chemotherapy, and
its selectivity should permit cost savings by minimizing side-effects such as seen after chemotherapy.
The safety and potential of antibody therapy has been underscored by FDA approval of unlabelled
antibody, for the treatment of B-cell lymphoma and, more recently, for breast cancer. Central facilities
would dispense radioimmunoconjugate much as is currently done, in India and in other countries,
with 131I for thyroid carcinoma. As with thyroid cancer, early and aggressive use of
radioimmunotherapy should result in successful disease control, with minimal side-effects. And just
as the therapy of differentiated thyroid carcinoma (an allegedly radioresistant tumour) with iodine-131
is being used extensively and increasingly throughout the developing world, so will
radioimmunotherapy be used in preference to other more toxic, less specific therapies, for an
increasing range of diseases.
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