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[Ballarini, Carante, Radiat. Phys. And Chem., 2016
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Interface BIANCA - GEANT4
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12.5 0.324223249128924
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NTCP

Carbon ions 45 keV/um

18 fx

1.0 1

0.8 1

0.6 1

0.4 1

0.2 1

0.0 1

For other particles and LET values

(= 600 Mel)

0 3

T T T
10 15 20

Dose per fraction (Gy)

T
25

T
30

1.0 1

0.8 -

0.6 4

0.4 1

0.2 1

0.0

Helium ions 9.473C keV/um

(=90 MeV)

18 fx

—_—

:

6 fx

1 fx

0

T
10 15 20

Dose per fraction (Gy)

T
25

1.0 1
0.8
0.6
0.4 1

0.2 1

I —

0.0

Protons 2.7 + 0.1keV/um

(= 19 MeV)

18

[
fx

(

6f
X 1 fx

0

T
5

T T T T
10 15 20 25

Dose per fraction (Gy)

30

T
30




Validation on other data




Validation on other data

= Collected by
34 another
research group

[Leith et al., Radiation Research, 1982]
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Validation on other data
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[Leith et al., Radiation Research, 1982] 31
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Open Problems: Volume Effect
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Open Problems: Volume Effect

None of the existing

NTCP models can
describe this effect
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Open Problems: Volume Effect

None of the existing
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describe this effect
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Shirato model

Critical Element model

L
i
NTCP =1 — |1 — (1 — e~ na—pna?)|"

[Shirato et al., Radiotherapy and Oncology, 1995]
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Shirato model

Critical Element model
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[Shirato et al., Radiotherapy and Oncology, 1995]
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Shirato model

Critical Element model
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[Shirato et al., Radiotherapy and Oncology, 1995]
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Shirato model

Critical Element model

kN Lyt
NTCP =1 — [1 _ (1 _ e—and—ﬁndz)

!
n iy
\
% | I
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| ..

[Shirato et al., Radiotherapy and Oncology, 1995]
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Shirato model

Probability of Migration term
killing 1 cell \

NTCP =1 — [1 —[(1 - «fz“""d‘‘3’”“12)1"1(‘1)]le1

[Shirato et al., Radiotherapy and Oncology, 1995]
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Shirato model

Probability of Migration term
killing 1 cell \
L

NTCP =1 — [1 —[(1 - e“""d‘‘3’”“12)1"1(‘1)]le1

X [ from fit
X Validation limited to one dataset

X Multiple parameter sets fit the data

[Shirato et al., Radiotherapy and Oncology, 1995] 37
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Volume Effect: my ideas

Critical Element
model
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What is Hadrontherapy?

Proton Spread

Photons Out Bragg Peak

> 3 Beams » 2 Beams

[Image credit: H. Rocken, Vrian Medical Systems]



Lyman — Kutcher - Burman (LKB) model

1

V2m

f_too exp (

2

2

g

Phenomenological
NTCP(D,V) =
N o &= somseRe
TCP S
-y
vaime *° L

-
.
T s o

T "

i s i e, W ‘- -
. -

. e, A W
-

F—-—l"—.-d--‘#-ﬂ---d‘l - "

Dose (Gray)

[J. T. Lyman, Radiat. Res., 1985]




Relative Seriality model

Phenomenological /

Serial organ s = 1 Parallel organ s — 0
P(di)FSU; P(d;)rsy = .
i=1 i=1

[P. Kidllman, Int. J. Radiat. Biol.,1992]



1 T ]

_____ B . B .
0-9_ | ; raimm ; ; raimn ;
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3 071 single field - 12 mm § mm
E: 0.6 | 8 mm
O 0.5+ A A
~ | 4 mm
z, 0.4
0.3 .
0.2 = 1
0.1-
A | N u | | | 0.9+ Bath and
0 10 20730 40 50 60 70 0.8 Shower ,'
0.7 '
Total Dose (G
ﬁ Y) ; Brain ; —~ 0.6- :l
Brain Brain NN
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0O 10 20 30 40 50 60 70
[Bijl et al., Int. J. Radiation Oncology Biol. Phys., 2003] Total Dose (GY)




Shirato model

Critical Element
NTCP =1 — |1 —(1 — e~ md- B"dz) @

model

Prob. to kill 1 cell

NTCP =

=1 — [1 - [(1 — g~ omd —fnd®) (1 _ (=uid = Bna”®)N:1) k

//

Migration term

[Shirato et al., Radiotherapy and Oncology, 1995]



[A. Casali et al., Phys. Med. Biol., 2024]
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Monochromatic Field

[A. Casali et al., Phys. Med. Biol., 2024]
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MC simulation for p-values

1. NTCP simulated experimental data:

Binpmigl ==p b (X;N,P) — @ N@
distribution / \

NTCP with Critical
Element Model

Number of irradiated rats
for a certain dose level

2. N repeated extractions



MC simulation for p-values

3. x& between simulated NTCP and NTCP predicted with the model

2 2
4. Count XRsim = XRsperim (C)

5. Duvide c for the repetition number (N) = GvaluD




P-values | r-rvame>5% §‘I

Particella LET (keV/um)  p-values (%)
Particella LET (keV /um) p-values (%) 14 t 184
2.7+ 0.1 4 474
13 — 29 3.94+0.2 4 484
16 — 1.3 55116 t 590
21 4 185
36 t 56 : values (%
Toni carbonio Particella LET (keV/pum)  p-values (%)
45 4 206 26 4 309
66 + 6 - 33 9.4106 + 708
99 + 13 t 156 144111 4 233
125 + 25 4 59.0 20753 4 893




Clopper-Pearson
equations

X = n. rats with paresis

n = n. irradiated rats

Incomplete Beta Function

p1=7V1 — CL

Lx,n —x+1)=




. : 2 =0.49
Statistical analysis X

o
Photon fit

p-value = 89.5 %

glﬂo Gy g4.90 Gy £4.5 - 108 cell gﬁ - 10° cell

27 - 10° cell

/ Best-fit parameters



RBE

Carbon ions 1 fraction Carbon ions 2 fractions Carbon ions 6 fractions
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RBE (cfi LEM)

RBE

Carbon Carbon Carbon
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