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Silicon-based micro-dosimeters for advanced
radiation therapies

Radiotherapy is used for the treatment of cancer in almost 50% of the patients, both for curative or palliative
aims. The introduction of advanced techniques such as hadrontherapy, based on the use of protons and heavier
charged particles, i.e. carbon ions, is currently a growingmodality of radiation therapy. These particles deposit
a larger amount of energy per unit particle track length than conventional RT sources and they create a highly
conformal high dose region with the possibility of covering the tumor volume with high accuracy, while at
the same time delivering lower doses to the surrounding healthy tissue. In 2016, according to data from the
Particle Therapy Co-Operative Group, there are 61 particle therapy centers in the world with 32 others under
construction (19 and 10 in Europe, respectively).

Treatment planning systems are used to determine the dose distribution obtained for a certain beam arrange-
ment to be applied to a tumor volume. In the case of hadrontherapy, this is challenged by the need to account
for the different radiobiological efficiency (RBE) of the beam depending on its primary energy and depth in
tissue. This RBE has to be modelled and used in the treatment to optimize the tumor control probability and
minimize unintended side effects due to normal tissue irradiation.
Using radiationmicrosensors that can experimentally verifymicrodosimetric characteristicswould
have a fundamental impact on treatment planning. In fact no adequate bio-dosimeters are cur-
rently available for the routine verification of biological dose in hadrontherapy. Existing methods
are software-based usingMonte-Carlo simulations, or based on gaseous chambers that have cm3 volumes, suf-
fer from wall effects, require a gas supply, perturbate the fluence significantly and provide only single-point
measurements.

Silicon-based device fabrication can produce tailor-made micrometer-scale micromachined structures. Addi-
tionally, silicon sensors are operated at low voltages, are small and portable with fast time response. The
Spanish National Center of Microelectronics (IMB-CNM, CSIC), building on more than 15 years’ experience
of producing advanced silicon detectors for nuclear and high energy physics experiments, has developed a
silicon microsensor technology that can provide cell-like silicon sensitive volumes to allow for un-
precedented spatial and dose resolution. Proof-of-concept devices have already been used to characterize
with high accuracy the radiation quality parameters of carbon and proton beams.

Our goal is the realization of a complete microdosimetry system for the verification of the biological
efectiveness of hadron treatment plans based on this novel silicon technology. We propose to address
this challenge with a well balanced multidisciplinary team with a strong combination of expertise including
microelectronics technology, electronics, system integration, data processing, Monte-Carlo simulation, radia-
tion therapy and radiobiology.
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