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& Uvod

Stereotakticka radioterapia
—(SRS/SBRT/SABR)

predstavuje sicasné maximum v technologickom vyvoji RT
dosiahnuteé :

- vysokymi davkami /frakciu !

- malym poctom frakcii ( 1- 5fr.) !
veduce :

- k vysokej biologickej efektivnej davke ( BED) na Tu

- k minimalizacii toxicity na organy v riziku ( OaR)

14.05.2024



& Uvod

Benefit SRS/SBRT je podmieneny zarukou

vysokej presnosti :
- pri fL’lzii zobrazovacich metod

-----

Ale v neposlednom rade:

- i odlisnost'ami v biologickej odpovedi Tu a OaR!

Tejto problematike je venovany nas prispevok !
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% Motivacie k prispevku

1. Vyzva
Z Reportu AAMP (101/2017) Guidelines to SRS/SBRT
s prioritou — Task Nr .1.:

Incorporation of bio-effect knowledge

Into the treament process !
2. Profesionalny a eticky prinos problematiky v odbore.

Nermam potencialny konflikt zaujrmov!
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Ciel’ prispevku

1 . charakterizovat’ parametre modelov zohl'adnujucich
radiobiologické poznatky o Tu a OaR

vo veli¢inach ;: BED/EQD2, TCP/NTCP
a) pri planovani SRS/SBRT vs CF

b) pri re-ozarovani s vyuzitim modelu REGgap

2. Demonstrovat’ postupy na klinickych pripadoch
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Preco 0 “5. dimenzii RT ?

Sucasna RT disponuje technologickym arzenalom :
- pre vypocty fyzikalnych ozarovacich planov v 3D priestore
- k zohPadneniu zmien v intra a inter-frakénom case

(3D+T)=4D
( IGRT + ADRT)

SW TPS vsak, nateraz, nezahriiaju = “5.“ dimenziu RT

— radiobiologické ucinky na “biologicky objekt* — pacienta
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pristupy posudzovania uc¢inku z DVH

A

—_— 2 Cumulative
Discard % vaz 23
spatial, § DVH
anatomic, =
physiologic ;2 \ —
data 32 N\ .
3D dose distribution 20 Gy
Extract unambiguous data Compute model-
-Single Point: e.g. V20 based NTCP
-Global: e.g. mean dose estimates

@ VGy,D__
& globalD,_..,6 EUD

® NTCP = F (BED, DVH) *
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Preco je uzitocné s “TD“ simultanne uvadzat’
biologicku veliéinu BED resp. EQD. ?

TD (Gy)

je fyzikalna veliCina,
nezahrnuje

rozdielnost’ biologickych
ucinkov od -
rezimu frakcionacie, -
boostu, OTT, D/t -
pauzy v RT etc.

- TD je neaditivhou

velicinou !
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BED resp.EQD2
zahrna : “4R“ R.Withersa :

- Reparaciu

- Repopulaciu

- Reoxygenaciu
- Redistribuciu

+ Radiosenzitivitu ([1) |

- Je aditivna veliCina !

- Z listu prof. J.Fowlera, 2016
- z listu prof. R. Dale, 2024



Prof. J.Fowler a prof. R.Withers Gliwice
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Prof. R.G. Dale, 2005 (Charing Cross Hosp.,London )
pri inStalacii SW Biogray.




Na pripomenutie :
% Biologicky efektivha davka (BED) ?

E/o=BED=Nd| 1+ y
- alp
Biologically
effective dose
Total dose Relative

effectiveness
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Zngjodvodena  velicina
EQD, = NTD=BED/RE

% }

EOD?2 = BED/RE = N.a 2+ %/P)

(2+a/ )

Relativna efektivnost’
RE =(1+2/(11I"))
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Opominana realita (omitted) -
| Zahrnutie repopulacie tumoru

Y d 3 —
BED—n.d.(l+—a/ﬁ) BT =T,

=In2/(0.Tet) (0,3-0,9 Gy/den)
Toot = potencialny zdvojovaci ¢as v diioch (5-7 dni)
T = dPzka ozarovacieho ¢asu v dinoch

T« = ¢as nastupu repopulacie v dinoch (14-21 dni)
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Poisson model TCP inkorporovany v
SW BioGray

v, = i- th volume element T.= kick off time

TCP = %zv,. exp|2y.,(1—(BED, - K(T T, ))/ BED.,)/ In2]

¥sp=slope on 50% TCP
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Zovseobecneny model LKB pre NTCP
pouzity v SW BioGray

1 | — 17
NTCP=— |ex dt
>3} p( = )

Matula, & Durovec, ESTRO, Prague, 1995




Graphical mterpretation BED=F(N;)
(acute vs late reactions) ~ BINGO !!!
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Graphical presentation BED=F(N,)

(acute vs late reactions)
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Graphical presentation BED=F(N, )

(acute vs late reactions)
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‘* mee Algoritmus LQ-L modelu v BED

BED, =D +[D*(a/B)] for D < Dy

BED, = D+ [D7/(a/B)] +[(y/a)(D-D;)] for D= Dy,

_—

y/a=1+[2D,/(a/B) Dr=2(a/p)
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asus: SBRT na NSCLC 1
4 Gy/3F versus 54Gy/5F

n1-RTDO L -RTDO!

-44.9mm



54Gy/5F
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Druha vyznamna modalita aplikacie
SRS/SBRT/FSRT

Re — ozarovanie

Manazment re-ozarovania podstatne narocnejsi!
Radioterapeut je konfrontovany s otazkou:

- K akému stupnu toxicity OaR by dosSlo v sumacii I.+II. série ?

V podstate ide o stanovenie hodnoty multi-parametrickej funkcie :
NTCP=F (BED, ,BED,,DVH, ,DVH,, pauza ..

)

Pre re-ozarovanie neexistuju tabulky typu Timmermana !
Bez radiobiologického modelovania a vhodného SW nastroja
stale:pdjde (;,v japonskej skutediveiotlvazne rozhodnutia !



&Ako nato 7

Nas postup K re-ozarovaniu sme publikovali :

- v Klinickej Onkologii v r. 2019

- v Cancer Research Journal v r. 2021

- prezentovali na konferencii 27. 10.2023 Bory PH

Dnes - ukazka procesu pripravy optimalneho planu
druhého re- ozarovania pomocou SBRT
u pct. s

“metastatickou spinalnou kompresiou“
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Historia

Pacientka s dg. C77.9 (MTS) absolvovala I.sériu
na Th9-12 a L1-5 v roku 2018 v istom RT centre

Koncom r. 2023 bol opat’ zisteny nadlez-recidiva na Thl1.

PoZiadavka k reoZiareniu nasmerovana na Odd.rad.onko. PH Bory.

Zvolena indikacia : SBRT na Cyber Knife.

Otazka : Aky frakcionacny protokol (bezpeny na miechu) vzhl'adom

na uz aplikovanu L.sériu so schémou 10F/3Gy/die 1 PP

a casovom intervale 5,3 rokov ?
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DVH z 1. série 10F/3Gy/die z 1PP

Scheme SE retr. Bory_fin
Start 01.10.2018

07.10.18

Plan S.E.1pp

Spinal Cord

Plain DVH: :EXT 10fr/3,0Gy/#1 [30,0] (Cumulative)

|— Esophagus — Heart — petTumor <= Spinal Cord I

Volume [%]

14.05.2 Differential DVH [l

Dose [Gy] §
TisBintdax100% N




Protocol from Royal College of Radiologists,
ondon 1V.ed.2023

Recommendations for Metastatic spinal cord compression:

|. serie of re-irradiation
(after 8 Gy single dose or 20 Gy in Sfractions) :

Il. serie of re-irradiation

a) Conventional radiotherapy prescribed at depth:
8 Gy single dose or 20 Gy in 5 daily fractions;
maximum cumulative BED <135.5 Gy>

b) Using SBRT, defined at

Dmax: 9 Gy in 1 dose

12.2 Gy in 2 fractions
14.5 Gy in 3 fractions
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DVH zII. série 3F/4,8 Gy (CK)

Common Dose Factor

VoccmF
Spinal Cord

3
DVH files mask DVH file browser ‘|

Plain DVH: :EXT 3fr/4, 8Gy/#1 [14, 4] (Cumulative) D =
dvhBory5x6Gy.ixt e = = %
dvhOUSA10x3Gy_1pp.x — Esophagus — Heart — Lung Left — Lung Right petTumor I

= Spinal Cord

dvhSuma.ixt
S.E.ixt

Yolume [%]

- t +

0 5 10 15 20
Dose [Gy]

Differential DVH [l
TisBinkdax100% M

D Open
—
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Model Reggp pre stanovenie regeneracnej kapacity OaR
Casus: EQD, EQD: (gap=5,3r.) EQD: EQDcum
= 33Gy/48Gy. =33,6Gy. =14,4Gy/3,4Gy. =37 Gy
=>> NTCP spincora= 0,0 % !

' ) ' | L J
204 e | 2 e e 2 1 r e R | r - - | 1 L el -2 2 N . | foesagp 1 ' s

\ 1 L ) 4 )

' ] ] 1] L] ’
184 [ J vk sdsoohoontkordhocdonddoaelagiledes s dive s Soovhoaatng

' ' ' . ' '

L} 1) ] L] ’

L) . . . .
‘6'7'-~r°'ﬂ'-- L s ad i SRR S e ey b o i Rt e amade, St S e S e et o o S B D e S e

' . )

' ' ‘
‘ Y - ' '
1 e e . T e e S N Y S

L » 1 L

J . '
124 - ~ o slonulen e

L} . ] ]

] . ' ,

' . ' ’
'O‘ ) A By L ol A

' ' L}

‘ ‘ \
L R : DRGNS

L \ L}

. . L}

\ \
[ R . e e L e L R -

' |

L L

L) .
T8 SRR Rl A S

' '

| | ' " \
2.. PR ASONFET P 2R Vocasbeoiicadl eriecosshecslbasdesniloss beechsodans dse sleee st aliile oo l---L--.L. .................

’ A . 1 . ] ' . ‘. '’ ‘

'
» ) . o 1 .

0- : - e —

0 30 &0 N 120150 180210&0270300330380390&0‘50480S105405706006306606907207507808108‘0876900930

o Poisson's || Lamda’ MEIE [TF: || Siart (day) Cum Retr % I _—

Modul M L T NTD [Gy) — [

Gip MW7) || RF(Gy/d] Calculated RF[Gy/d)

& Fakior




TCP/NTCP V)I/Stu ( NTCP spin cors= 0 %)
z . serie (10F/3Gy) + Il. séerie (3F/4,8 Gy)

Bookmark Scheme SE retr. Bory_fin
project Start 01.10.2018 Stop 17.01.2024

07.10.18

TCP / NTCP SE retr. Bory_fin (LKB) m TCP/NTCP
0 TCP MTS Thorax @PTVL ~—o— NTCP SSOPHAGUS Chapet @QUA WH ——
-4~ NTCP KIDNEY L @QUA L. ¥ NTCP KIDNEY R @QUA R. Gy Date
~@—NTCP LUNG 1.dx @QUA R. —+—NTCP LUNG 1.sin @QUA L. TCP / NTCP opt.
——NTCP HEART @QUA WH NTCP SPIN CORD 0,12 @QUA WH dJ
~»—NTCP SPIN CORD 0,12 § @QUA WH —— BF MTS Thor~:SPIN COR~=84% @eF M'Tu mEp
510 | Prs | New
--------- b b Bt (o bt e e ol BED model
_________ ; 3 AR SRR Iy ot TR —
......... | 1- S|
' : pt STD  CAR
o
Gyl
Current scheme ' TPS: DVH Std. scheme |
!I Tissue Fz:l Ds | Gy IBBDIEQD?.IVpaIN/ICP VpclVefIDmaxlnmedl EUD [mg) rzlnslcy[ BED A
L KIDNEY L @GQUA L. 13|1935| 18| 17 10 10 0,0 10 1 0,0 15 22 35,5
L KIDNEY_R @QUA R. 131335 8 3 €| 10 15|22/ 35,5
L|LUNG 1.dx @QUA R. 13(1935| 37| 58| 37| 2 11|18| 27,7
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Graphical mterpretation BED=F(N;)
(acute vs late reactions) ~ BINGO !!!
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Vysledky

Posudzovanie uéinnosti a bezpe¢nosti planovanych protokolov
re-ozarovania s liecebnou modalitou SRS/ SBRT
pomocou radiobiologickych modelov:

- BED/EQD2 , TCP/NTCP a Reggap

bolo vykonané u 18 pacientovv PH Bory
s odporucanim/potvrdenim planovaneho protokolu resp. jeho modifikacie.

Whodnotenie klinickych vysledkov bude vykonané
po pozadovanom c¢asovom odstupe.

Predbezné zavery su zhrnuté v nasledujucom diap.
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Zavery

Radiobiologické modelovanie v procese planovania
SRS/SBRT a re-ozarovani predstavuje :

- vyznamny kvalitativny prinos do programu QA
- poskytuje kvantifikované nastroje pre klinicky vyskum

- umoznuje odhad ,,rezervy v tolerancii ““ OaR
pri re-ozarovani

- Napl'na vyzvu Nr.1 z Reportu AAMP
o SRS/SBRT!

Incorporation of bio-effect knowledge into the treament process !
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Prezentacie v zahrani¢i  (Lambert r.2018)

Physical treatment planning systems in radiation oncology, in spite of high
technology, do not provide quantitative predication about biological
response of tumours and adjacent normal tissues. Mathematical modelling
biological effects (comprising physical parameters and radiobiological
processes during and after therapy) offers a new paradigms into
optimisation of treatment planning radiation therapy. Biophysical models
BED, TCP and NTCP for external therapy, stereotaxy brachytherapy and
proton therapy with with dinical cases and Wustrative outcomes are
described. For radiobiological optimisation imaging techniques (CT, MRI,
PET), 3D-treatment plans and dose volume histograms (DVH) are used.
Good news The rare reader can become a user of a stand-alone program
BioGray, to simulate his clinical cases and confront them with his dinical

expenence.

Pavol Matula « Jan Konéik

o Key to Radiobiological

* Ass prof. Pavol Matula, PhD. institute of Oncology . .
B s Sn wac oy Modelling Effects in
Radiation Oncology
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Ocenenie
Bookauthority New York, r.2019

%OOkGUthOrity Books  Categories  Experts  Reading List Sign Up Q

Congratulations!

Your book "Key to Radiobiological Modelling Effects
in Radiation Oncology" made it to BookAuthority's
best new Radiation Oncology books!

Key to Radiobiological Modelling Effects
in Radiation Oncology
By Pavol Matula e Jan Konéik

Sookauthority

BEST NEW
RADIATION
ONCOLOGY BOOKS




Pod’akovanie spoluautorom prispevku

za zapojenie do spoluprace v nemocnici Bory PH
prim. M. Pobijakovej a M. Palugovi

- pri radiobiologickych analyzach protokolov SRS/ SBRT
a re-ozarovania.

Dalo to zmysel pokracovaniu v nasej vyskumnej praci
- predikovat’ optimalne/bezpecné protokoly

pri druhej Sanci pacientov s recidivou !
Vd’aka patri i d’al’§Sim kolegom z RT centier SR a CR i EU , ktoré vnimaju

tuto profesionalnu a etickQ nutnost’ a posielaju casusy s re-oZarovanim na posudenie.
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ZvySok c¢asu mozno stravit’ na chate !
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Odpoved’ na otazku z diskuzie

Otazka :

Aka je validita pouzivanych modelov v programe BioGray Plus ?

Odpoved’ .
Validita modelov je zhodna s validitou sicasnych klinickych poznatkov EBM

s nadhodnotou

— s vyuZitim nastrojov, ktoré poskytuje kralovna vied — matematika
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