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The need for potent cancer treatments has paved the way for,
amongst other exciting therapeutic strategies, a novel field of
research that focusses on the specific - systemic - delivery of
cytotoxic radiation to cancer cells, often referred to as targeted
radionuclide therapy. In targeted radionuclide therapy, cytotoxic
ionizing radiation is delivered to the tumor cells by attaching the
source for radiation (radionuclides) to tumor-specific carrier
molecules. In the case of disseminated or metastatic disease, with
small cell clusters present throughout the body of a patient, a-particle
emitting radionuclides might be well-suited because of their short
path length and high linear energy transfer, which allows for the
concentration of cytotoxic radiation to only a few cell diameters
range. When properly bound to a targeting carrier, a-particle emitters
have high tumor cell killing efficacies, while sparing healthy tissue.

A range of compounds have been described as targeting carriers in
targeted a-particle therapy. In this thesis, single domain antibody
fragments (sdAbs), derived from Camelid heavy-chain-only
antibodies, are proposed as targeting carriers. SdAbs are attractive
due to their small size, high specificity and binding affinity for their
target and upon administration into preclinical tumor-bearing models,
they exhibit a fast accumulation and homogeneous distribution in
tumor tissue, while unbound radiolabeled sdAbs are cleared from the
bloodstream very quickly. These characteristics match well with those
of a-particle emitting radionuclides, as such the combination carries
great potential to treat patients with difficult-to-treat metastasis. In
this work, three different a-particle emitting radionuclides, namely
astatine-211, bismuth-213 and actinium-225, were selected based on
their physical characteristics, radiochemical ease of handling and
finally their availability. All three were conjugated to the HER2-
targeting sdAb using different chemical linkers. The three radiolabeled
sdAbs were fully characterized in vitro and in vivo, in order to select
the most optimal linker for further therapeutic evaluation. All
radiolabeled HER2-targeting sdAbs resulted in a high tumor uptake in
vivo and high tumor-to-background ratios. Finally, targeted alpha
therapy with bismuth-213 and actinium-225 resulted in a significantly
prolonged median survival of all treated mice. Overall, the results
indicate that sdAbs are promising carriers for targeted alpha therapy
and each radionuclide studied here has its own unique value. This
innovative study paves the way to the development of new
therapeutic approaches, not only for the treatment of HER2pos
metastatic cancer, but also for the treatment of other types of cancer.
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