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One Weakness of Absorbed Dose: DIE)
Creation and stopping of short-range particles in the cell nucleus ru=

Boron Neutron Capture Therapy (BNCT) with thermal neutrons

thermal neutrons thermal

cancer cell neutrons

normal a-particles

cancer cell

Tihe stopping| of'the particles in the cell hucleus;leads teia very high
energy density whichicannot be described by conventional
dosimetric procedures.

Radiobiological Experiments Using a Microbeam T
Facility

Radiobiological experiments are interpreted conventionally
in terms of absorbed dose:
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here, AE is calculated
and m is estimated




The “True” Target Volume of Radiation Physics P) g%

Tihe real target volumes, of radiobiology and, therefore; also) of
radiation physics are the volumes of sub-cellular structures

Radiation Damage to Genes or Cells Starts with 515
the Initial Damage to Segments of the DNA e

Radiation damage strongly dependson particle track structure




The Breakdown of the Absorbed Dose Concept in |
Nanometric Target Volumes r

Macroscopic Targets:
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Nanometric Target Volumes, a Challenge to 5
Current Radiation Dosimetry r

The greater part of radiation damage to
genes or cells starts with  the initial
damage to segments of the DNA

Iihe Problem: A transition from macroescopic target volumes
to those of sub-cellular structures requires a change of physical
guantities!

The damage to DNA segments!is::
determlned to/the greater part by ionizing| processes;




The Idea of Experimental Nanodosimetry

e

» lonization cluster-size formation inlnanemetric eviindrical
volumes of liquid water is represer

Definitions:

The cluster sizeiis the number:
v of ionizations produced by
a particle in a specified

piece of matter.

P.(T) is the probability
of producing/an
ionization cluster .
of size v. L

Principle of a Nanodosimetric Measuring Device |15
Based on Single-ion Counting e
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lonization Cluster-size Distributions of 5o
4.6 MeV a-Particles in Nitrogen r

0 Grosswendt and Pszona (2002)

(P)p) =180 Uej/enF

cluster size v

The Relation Between lonization Cluster-size )
Formation and Radiation Biology

The probability P, to create a
cluster size v = 1 should be
proportional to the probability
of SSB formation in the DNA

The probability F, to create a
cluster size v 2 2 should be
proportional to the probability
of DSB formation in the DNA




Cluster-size Probability P, in a Liquid Water e
Cylinder of Diameter D = 2.3 nm (I[5)

P(M,/ D) = [P, (M, 1 D)tz x (M, / D)
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Cumulative Distribution Function F, in a Liquid
Water Cylinder of Diameter D = 2.3 nm

F,(M, /D) =[F, (M, D)liGosey” (M, /D)
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Nanodosimetry, the Missing Link Between F B
Radiation Physics and Radiation Biology ? r

The greater part of radiation damage to. &
genes or cells starts with the initial £ =
damage to segments of the DNA =

Radigtion Quality:  The natural nanedesimetric parameters
to describe the radiation; quality’ of ionizing particles are the
probabilities P, and 5,

The cluster-sizerprobabilities P;
If di 5 are directly correlated with'therdamage:to D _A

Cross Section of Single-strand-break Formation of
SV40 Viral DNA
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Cross Section of Double-strand-break Formation |
of SV40 Viral DNA o)
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Radiobiological Effectiveness: Survival of V79 o)
Chinese Hamster Cells After Proton Irradiation |52

RBE =D, {SF)/D(SF)
SE =l exp(-aD-pD?)
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Radiobiological Effectiveness: Survival of V79 I
Chinese Hamster Cells After Proton Irradiation ['Fl=)

RBE = [Fz(palﬁcle)(T)/ M}pa'ﬁde)(T)]l[’:z(e'ecmm)(1 00keV)/M1(e'e°t’°")(1 OOkev)]
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Wilkens and Oelfke (2004)
SE = 505%
= linear LET model
Nanoedosimetric data
& % 8¢ clecirons and light ions
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From Macro to Nanodosimetry: The absorbed-dose |
concept breaks down in nanometric target volumes | IFI=

The probabilities P, andi F; of ionization
cluster-size distributions are strongly
related to the initiation of radiation
damage to the DNA

Visleghafifle BLitife:

Absorbed dose will be exchanged or, at least,
supplemented by nanodosimetric quantities




