Unraveling the complexities of radiation damage

through Microdosimetric Kinetic Model: The role of
clonogenic data in clinical RBE

IGFAE workshop on technologies and applied research at
the future Galician proton-therapy facility

Santiago de Compostela
May 9, 2023
Daniel Suarez Garcia




SSB  DsB DSB

D. Suarez-Garcia (U. Sevilla) | IGFAE Workshop 2023 | May 9, 2023



DNA damage
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= SSB - Single-strand breaks :>
= DSB - Double-strand breaks
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DNA damage

Radiation

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

= |tis more relevant for high LET radiation
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Low LET
Homogeneous dose deposition
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High LET vs Low LET
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High LET vs Low LET
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High LET vs Low LET
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Linear-Quadratic model
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LQ model

= Phenomenological model

g — e—ozD—,BD2
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LQ model

Phenomenological model

g — e—ozD—,BD2

S = Cell survival fraction
D = Dose delivered

a and - Model parameters
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Linear-Quadratic model
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= Experiments to determine the corresponding a and 3
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Linear-Quadratic model

15

1.0 T

LQ model

Phenomenological model

g — e—ozD—,BD2

0.1 F

Survival Fraction

S = Cell survival fraction
D = Dose delivered

a and - Model parameters

0 s T—

= Different a and [ per each cell line and radiation
e I

= Experiments to determine the corresponding a and 3 datab
dlaDase

D. Suarez-Garcia (U. Sevilla) | IGFAE Workshop 2023 | May 9, 2023



PublicationN #lonExp
hillo4
antonellils
antonellil5
bettega09
bettega09
bettega09
beuve08
beuve08
beuve08
beuve08
beuve08
beuve08
britten13
britten13
britten13
britten13
britten13
britten13
britten13
britten13
britten13
britten13
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14
chaudhary14

Cells

7 xrs5

1 AG01522

2 AG01522

1CGl1

2 CGL1

3 cGlL1

15CCe1

2 SCC61

3 5CC61

4 5Q208

55Q208

6 5Q208

1 HEP2

2 HEP2

3 HEP2

4 HEP2

5 HEP2

6 HEP2

7 HEP2

8 V79

9 V79
10 V79

1 AG01522

2 AG01522

3 AG01522

4 AG01522

5 AG01522

6 AG01522

7 AG01522

8 AG01522

9 AG01522
10 AG01522
11 AG01522
12 AG01522
13 U-87

CellClass

n
n
n
n
n
n
t
t
t
t
t
t
t
t
t
t
t
t
t
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
t

CellOrigin

o |||z [Tz

=

x|z |||z (===

CellCycle
a

G0/G1
GO0/G1

L I R R R TR R R R U VR R TR R O R R R VR TR T R )

5.6 250kVp
6 137Cs
6 137Cs
6 15MV
6 15MV
6 15MV
6 250kVp
6 250kVp
6 250kVp
6 250kVp
6 250kVp
6 250kVp
6 120kVp
6 120kVp
6 120kVp
6 120kVp
6 120kVp
6 120kVp
6 120kVp

5.6 120kVp

5.6 120kVp

5.6 120kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp
6 225kVp

PIDE database

Particle Irradiation Data Ensemble = PIDE
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Microdosimetry - MKM

17

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

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

Domain volume

= The domain size is associated with
the maximum distance two SSB may
become DSB
i~
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Microdosimetry - MKM

20
= Biological effect can be determined by the energy deposited into critical cell structures: domains
: __ € > Energy absorbed
. | - -
Lineal energy  y [ > Mean chord length
o
Domain volume
= The domain size is associated with
the maximum distance two SSB may
become DSB
i
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Microdosimetry - MKM
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= Biological effect can be determined by the energy deposited into critical cell structures: domains
oo __ € - Energy absorbed
Lineal energy - vp I > Mean chord length
Microdosimetric kinetic model
o
Domain volume
= The domain size is associated with
the maximum distance two SSB may
become DSB
i
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Microdosimetry - MKM
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= Biological effect can be determined by the energy deposited into critical cell structures: domains
: __ € > Energy absorbed
= L | - -
nealenergy o [ > Mean chord length
Microdosimetric kinetic model
o
1 - exp| (a0 + A7) 2 |
Qion — YD
prry,
Domain volume
= The domain size is associated with
the maximum distance two SSB may
become DSB
i
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Microdosimetry - MKM

23
= Biological effect can be determined by the energy deposited into critical cell structures: domains
: __ € > Energy absorbed
= L | - -
nealenergy o [ > Mean chord length
Microdosimetric kinetic model
o
_ _ _YD_\_¥D_
Lo oo+ 822 28
Qion — YD _
prry,
= Photons parameters o 8 Domain volume
= Nucleus radius Tn o , ,
= The domain size is associated with
= Domain radius ry the maximum distance two SSB may
become DSB
i
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Domain radius

= Assumption of fixed domain
radius based on human salivary
glands (HSG)
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Domain radius

= Assumption of fixed domain
radius based on human salivary > 1rqg =320 nm
glands (HSG)
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Domain radius

= Assumption of fixed domain
radius based on human salivary > 1rqg =320 nm

glands (HSG)
1= exp| (g + B2 ) L2 |
Qion — "D _
prry,

D. Suarez-Garcia (U. Sevilla) | IGFAE Workshop 2023 | May 9, 2023

26

- o



Domain radius

27
= Assumption of fixed domain
radius based on human salivary > rq=320nm
glands (HSG)
2
L exp| (a0 + 5 2) 2 | B(7%:)
Ction = YD :> a = YD YD
pnr? T log(l - aionmr_rfl) — &0 o2
i
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Domain radius

28
= Assumption of fixed domain
radius based on human salivary > 1rqg =320 nm
glands (HSG)
2
1—exp| (a0 + 20 2 | 5(5%)
Hon = 4D d n :> T YD YD
ot ~Log (1~ aun 27) — a0 2%
PIDE database
'

D. Suarez-Garcia (U. Sevilla) | IGFAE Workshop 2023 | May 9, 2023 u@?



Domain radius

29

= Assumption of fixed domain
radius based on human salivary > 1rqg =320 nm
glands (HSG)

2
1~ exp| (o0 + . 257) 22 | 5(=)
Qion — D |:> Ty =

2 YD YD
pr2 o log(l _ aion_2) — Oy 2

n pTT, prry,

PIDE database |~ P @and carbon
lons experiments
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Domain radius

30

= Assumption of fixed domain
radius based on human salivary > 1rqg =320 nm
glands (HSG)

2
1~ exp| (o0 + . 257) 22 | 5(=)
Qion — D |:> Ty =

2 YD YD
pr2 o log(l _ aion_2) — Oy 2

n pTT, prry,

PIDE database |~~3| Pr@andcarbon | gy Calculating
lons experiments domain radius
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In size distributions
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Domain size distributions
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Impact of domain size on RBE
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Conclusions

34
= 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 when
determining RBE.

Future...

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

'
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