icr=be_IT

Kick—off meeting

WP2 - linking MD to RB

Francesco Cordoni

University of Verona
INFN-TIFPA

3 February 2021



PHYSICAL REVIEW E 103, 012412 (2021)

Generalized stochastic microdosimetric model: The main formulation

F. Cordoni
Department of Computer Science, University of Verona, Verona, Iraly
and TIFPA-INFN, Trento, Italy

M. Missiaggia
Department of Physics, University of Trento, Trento, Italy
and TIFPA-INFN, Trento, Italy

A. Attili
INFN, Roma 3, Italy

S. M. Welford
of Miami, Miller School of Medicine, Miami, Florida 33136, USA

Department of Radiation Oncology, University
E. Scifoni
TIFPA-INFN, Trento, ltaly

C. La Tessa
Department of Physics, University of Trento, Trento, Italy
and TIFPA - INFN, Trento, Italy



The main motivation

Clear stochastic fluctuations in the number of DNA damages among cells.




Microdosimetric Kinetic Model (MKM)

dity(t) = ax + bx* %)‘((t) = —(a+ r)x — 2bx*

Average number of lethal lesions Average number of sublethal lesions

Generalized Stochastic Microdosimetric Model (GSM?)

Aup(t,y,x) = €72 [x(x — Dbp(t,y, )] + £ [xap(t, y, )] + £ [xarp(t, y, x)]

Probability distribution of lethal and sublethal lesions



Microdosimetric Kinetic Model (MKM)

d
E}_/(t) = ax + bx?, %)’((t) =— (a+nr)x

death

— 2bx?

death

Generalized Stochastic Microdosimetric Model (GSM?)

afp(ta Ys X) = 5_1’2 [X(X - 1)bp(t7 Vs X)] +

£ [xap(t, y, x)]

death

+ &% [xrp(t, y, x)]



Microdosimetric Kinetic Model (MKM)

%?(t) =ax+ bx* , dit)‘((t) =—(a+r)x— 2b%2

double death

double death

Generalized Stochastic Microdosimetric Model (GSM?)

6fp(t7 Vs X) =

£712 [x(x — 1)bp(t, y, x)]

+ &7 [xap(t,y, x)] + £ [xrp(t, y, x)]

double death



Microdosimetric Kinetic Model (MKM)

d d
Fty(t) = ax + bx?, Ft;(t) =— (a+tnr)x

repair

— 2bx?

Generalized Stochastic Microdosimetric Model (GSM?)

6tp(t7 Y X) = 5_1’2 [X(X - 1)bp(t7 Y, X)] + 5_171 [Xdp(t, Y, X)] +

% [xrp(t, y, x)]

repair
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Master equation - time: t1

Lethal lesions

0.0

20
Sublethal lesions




Lethal lesion - time: tO Lethal lesion - time: tO
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» no assumption on Poisson distribution;



» no assumption on Poisson distribution;

P> less sensitive to domains;

Ap(t, y,x) = €72 [x(x = D)bp(t, y, x)] + € [xap(t, y, )] + E™ [xrp(t, y, )] +

N N
+ Z xgi;1,1 [x,-/cl)-;(jp(t, 2 x)] + Z Yg;ff” [yin?:jp(t, v, x)]
ij=1 ij=1

domain interconnection



» no assumption on Poisson distribution;
» less sensitive to domains;

» general irradiation conditions;

ap(t,y,x) = €712 [x(x = 1)bp(t, y, x)] + E~ " [xap(t, y, x)] + > [xrp(t, y, x)] +

+ Et-i_y’_x [t'ip(t, v, x)]

protracted dose



» no assumption on Poisson distribution;
» [ess sensitive to domains;
» general irradiation conditions;

» encompass the linear—quadratic survival setting;

S(zn) = exp [—Ndj—z /0 b (z R e-XZ) ﬁ;d(z)dz} <1 + f:zgck(m)> "

k=1

M: moment generating function it considers the whole microdosimetric
distribution not only firsts moments.



oo e} Ny
S(z,) = exp [—Ndj—: /0 (2 —ehE e_’\z) ﬁ;d(z)dz] (1 + ZZL‘ck(M)>
k=1

Low dose: Linear—quadratic High dose: Linear

log S(zn) ~o —ao(M)zn — Bo(M)z? log S(zn) ~oo —too(M)zn

M: moment generating function it considers the whole microdosimetric
distribution not only firsts moments.



Thank you for your attention!
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