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In vitro dosimetry for assessment of
Targeted-Alpha-Therapy*
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Recent developments in heavy ions production increased access to alpha-emitting radioisotopes and opened
the door to their use in internal radiotherapy[1]. Targeted alpha therapy is of interest for dedicated applica-
tions such as the treatment of disseminated brain metastases[2][3], their radiation range in biological matter
covering only a few dozens of micrometers. However, when alpha-emitting radionuclides undergo in vitro
assessment, additional care must be taken compared to beta-emitters because of the higher linear energy
transfer values of alpha particles. Indeed, the dose delivered to the cells becomes significantly dependent on
the spatial distribution of the radionuclides in the culture medium[4]. Knowledge of this distribution would
thus allow dose-effect relationships assessments and make comparisons to other irradiation methods more
reliable.

We present here an in vitro dosimetry system using silicon semiconductor diodes placed below custom-made
culture wells, which record energy spectra of the alpha particles passing through the culture medium and cell
layer. A detector chamber protecting the electronics was designed to carry out the measurements inside a cell
culture incubator. A spectral deconvolution method was developed to extrapolate the radionuclide spatial
distribution from energy spectra acquired during in vitro experiments and compute the dose delivered to the
cells. Since our custom-made wells are compatible with microscopy imaging, dose-relationship effects can be
directly evaluated for all culture wells.

Reliability of the methodology has been assessed and demonstrated dose computation errors limited to 3%
when applied to simulated 212Pb irradiations. Applications of our methodology carried out in preliminary
experiments with 212Pb and 223Ra showed that the common homogenous distribution hypothesis could lead
to up to 50% dose underestimation. They also revealed that the different radionuclides of complex decay
chains present different spatial distributions, which has further consequences on the dose computation and
highlights the necessity of new experimental dosimetry methods.
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