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DNA Damage

= SSB > Single-strand breaks
= DSB -> Double-strand breaks

y

Cell death
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DNA Damage

SSB vs DSB
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DNA Damage

SSB vs DSB

[ SSB - Single-strand breaks
= ;f = DSB -> Double-strand breaks
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Microdosimetry

= Calculation of energy deposition
distributions in microscopic regions
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Microdosimetry

Calculation of energy deposition
distributions in microscopic regions

Stochastic
quantities
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Microdosimetry

= Calculation of energy deposition
distributions in microscopic regions

= Postulate: The biological effect can
be determined by the amount of
energy actually imparted to critical cell
structures (sites)
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Microdosimetry - MKM

= Biological effect can be determined by the energy deposited into critical cell structures:
domains

Energy absorbed

= Linealenergy YD = Mean chord length

~i|
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Domain volume
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Microdosimetry - MKM

= Biological effect can be determined by the energy deposited into critical cell structures:

domains

~i|

= Lineal YD = 2
ineal energy YD S

Energy absorbed
Mean chord length

Microdosimetric kinetic model

1 — exp|—(ao + f-12) L2,

prry ’ pTT,

|

aiOIl - YD
prry,

= | Q parameters for photons g
= Nucleus radius 7,

= Domain radius Td
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Microdosimetry - MKM
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= Biological effect can be determined by the energy deposited into critical cell structures:
domains

= Linealenergy YD =

~i|

—> Energy absorbed
—> Mean chord length

Microdosimetric kinetic model

oG + 28028

Mlion —

YD

2
pTTY,

Domain volume

= |LQ parameters for photons a9 B

= The domain size is associated with
the maximum distance two SSB
= Domain radius Td may become DSB

= Nucleus radius Tn
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Domain radius - MKM

= Fixed domain radius, based on

human salivary glands (HSG), > rq = 320 nm

assumed in the literature
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Domain radius - MKM

13
= Fixed domain radius, based on
human salivary glands (HSG), > rq = 320 nm
assumed in the literature
2
YD
1-— exp {_(O‘O -+ 5533 ) pg:;%] B ﬂ( PTTy )
Olion — U0 |:> rd —
prr? - log(l — aionpz_%) — O pz_l;Q
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Qlion —

Domain radius - MKM

= Fixed domain radius, based on
salivary glands
assumed in the literature

human

1 —exp[—(

(HSG),

YD

O‘O"‘B yDz)

PTTY
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PIDE database
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rq = 320 nm

p(72-)

T log(l - aiony_D2) — yDz

prry, prry

Cells CellClass CellOrigin  CellCycle DNAcontent PhotonRadia #PhotonExp lon Charge IrradiationCa LET Energy ax_paper  bx_paper  ai_paper bi_paper

V79 n r GO 5.6 220kVp 1 4He 2s 2.34 133.4 0.08 0.0361 0.06 0.04
V79 n r GO 5.6 220kVp 1 4He 2s 2.4 128.8 0.08 0.0361 0.09 0.029
V79 n r GO 5.6 220kVp 1 4He 2s 7.85 28.1 0.08 0.0361 0.14 0.04
V79 n r GO 5.6 220kVp 1 4He 2s 8.13 26.9 0.08 0.0361 0.19 0.032
V79 n r GO 5.6 220kVp 1 4He 2s 9.12 23.4 0.08 0.0361 0.15 0.04
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Domain radius - MKM
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= Fixed domain radius, based on
human salivary glands (HSG), > rq = 320 nm
assumed in the literature
y 2
_ _ YD YD D
1 eXp|: (Qf() + /B p7'("l"(21 ) ,07'("]‘% ] . /8( PTTy, )
Qlion = — ) Ta=
po— —log(1 — ajon -2 ) — a2
pTTy g on" 2 0 prr2

PIDE database
Cells CellClass CellOrigin  CellCycle DNAcontent PhotonRadia #PhotonExp lon Charge IrradiationCa LET Energy ax_paper  bx_paper  ai_paper bi_paper
V79 n r GO 5.6 220kVp 1 4He 2s 2.34 133.4 0.08 0.0361 0.06 0.04
V79 n r GO 5.6 220kVp 1 4He 2s 2.4 128.8 0.08 0.0361 0.09 0.029
V79 n r GO 5.6 220kVp 1 4He 2s 7.85 28.1 0.08 0.0361 0.14 0.04
V79 n r GO 5.6 220kVp 1 4He 2s 8.13 26.9 0.08 0.0361 0.19 0.032
V79 n r GO 5.6 220kVp 1 4He 2s 9.12 23.4 0.08 0.0361 0.15 0.04

Experiments with p, a
and C ions
S m
i
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Domain radius - MKM

16
= Fixed domain radius, based on
human salivary glands (HSG), > rq = 320 nm
assumed in the literature
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V79 n r GO 5.6 220kVp 1 4He 2s 8.13 26.9 0.08 0.0361 0.19 0.032
V79 n r GO 5.6 220kVp 1 4He 2s 9.12 23.4 0.08 0.0361 0.15 0.04
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distribution

In size

Doma

17

Human tumor cells
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Domain size distribution
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Rodent cells Human normal cells
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Impact of domain size on RBE
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Impact of domain size on RBE
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Conclusions

21

= This determination represents an approach to include further information on
the cell line-specific radiosensitivity.

= Qur results showed large variability among different cell lines, illustrating
the importance of intrinsic response to radiation of different biological
systems.

= The use of clonogenic data does not seem enough for accurate RBE
predictions.

Future...

Robust clonogenic assays for cell lines would be required to improve and
expand a domain radius database.
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