+

Porovnanie predikcie NTCP s klinickymi vystupmi
hypofrakcionacie v stereoradioterapii a HDR

brachyterapii pri pouziti LQ versus LQ-L modelu

Matula P., Koncik J., Jasen¢ak M.
VOU a.s. Kosice, SR



Uvod

= Stereotaxia sa stava rutinnou lie¢cebnou modalitou u vybranych tumorovych
entit.

= Koncept biologicky efektivnej davky (BED) je UspeSne vyuzivany po 3 dekady
pri porovnavani roznych rezimov nekonvencnej frakcionacie a predikcii
neskorych Gc¢inkov RT na normalne tkaniva.

= Pokrocilé (konformné) technoldgie TO vyvratili paradigma o nevhodnosti
hypofrakcionacie (HF) a vyvolali zvySeny klinicky zaujem o radiobiologické
modelovanie HF s vysokymi d/frakciu

Zistenie diskrepancie !

Pri SRT sa ukazuje nizSia frekvencia toxicity oproti predikovanym
hodnotam BED , NTCP podra LQ modelu!



Biologicky efektivna davka

i Linearno — kvadraticky model

SF =exp(—aD - 8 D?) ..

E=Nd(a+pd)

E/a=BED =Nd
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V ¢com LQ model zlyhava?

Experimentalne data in vitro i klinické vystupy
pri hypofrakcionacnych rezimoch SRT

pri d/fr vyssich ako 6 Gy
odhalili nesulad

s vypocitanymi BED a NTCP !l



‘L SF (exper.data) versus LQ model

data from Flkind MM Sutton K. X-ray damage and recovery in mammalian cells in culture, Nature 1559,184:1353-1248
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Graficka prezentacia SF

data from Flkind MM Suttan H. X-ray damage and recovery in mammalian cells in culture. Namre 1585:184:1353 1248
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Navrhy na riesenie —
modifikacia modelu LQ na LQ-L

= M. Guerrero, X.Li (2004)
= Park C. (2008)
= Astrahan M. (2008)




i Ciel’ prispevku

1. Popisat’ novy model ,,LQ-L*

2. Kvantifikovat’ zmeny v predikcii
neskorych ué¢inkov na normalne tkaniva
v modalitach :

- stereochirurgie SRS

- frakcionovane] SRT
- HDR brachyterapie



Metody a material

i SF v LQ-L modeli

SI: — e_(aD'I',de) D<D,

SI: — e_(aDT +IBDT2+7/(D_DT )) D =Dy



‘L Algoritmus LQ-L modelu v BED
BED =D +[D%(a/B)] for D <Dy

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

_—

yloa=1+[2D; I(a/ B)] D;=2(alpB)



i Zhoda LQ-L modelu s experimentom
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4 .. =
] .

1.0e-1:

Surviving Fraction
®
~~

1.0e-34

Chinese hamster cells

} r
0.0

Chinese Hamster cells

Experimentalne vysledky
tesne fituju krivku SF

do 6 Gy

potom (3. komponenta)
fituje krivku do linearity



Davka/frakciu /Gy/ pre konstantnu
BED,yg, =72Gy =» LQD,=60Gy
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Davka /frakciu pre neskore U¢inky NT
pri konstantnej BED,yg, =72 Gy

i => L.QD,=60Gy
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i?orovnanie d/f pri skorych a neskorych
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Biologically Effective Dose (BED) leﬂ

Y100

Graficka interpretacia BED=F(N¢,,ii)
(acute vs late reactions)
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i Testovanie modelu LQ-L

Algoritmy modifikovaného modelu boli
testované na odporucanych limitoch

- Z prace : R.Timmerman:
Seminars In radiation Oncology Oct. 2008
- Report AAMP

Int.J.Rad.Onc.Biol.Phys. 2010



Serial Tissue

Volume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)

THREE-FRACTION TREATMENT

Optic pathway <0.2 15 (5 Gy/fx) 19.5 (6.5 Gy/f Neuritis

Cochlea 20 (6.67 Gy/fx) Hearing loss

Brainstem <1 18 (6 Gy/fx) 23 (7.67 Gy/f) Cranial neuropathy

Spinal cord <0.25 18 (6 Gy/fx) 22 (7.33 Gy/fx) Myelitis

<1.2 11.1 (3.7 Gy/fx)

Cauda equina <5 21.9 (7.3 Gy/i) 24 (8 Gy/f Neuritis

Sacral plexus <3 22.5 (7.5 Gy/f) 24 (8 Gy/f Neuropathy

Esophagus® <5 21 (7 Gy/fx) 27 (9 Gy/f Stenosis/fistula

Ipsilateral brachial plexus <3 22.5 (7.5 Gy/fx) 24 (8 Gy/f Neuropathy

Heart/pericardium 15 24 (8 Gy/k) 30 (10 Gy/i) Pericarditis

Great vessels <10 39 (13 Gy/k) 45 (15 Gy/fx) Aneurysm

Trachea and ipsilateral bronchus* <4 15 (5 Gy/fx) 30 (10 Gy/fx) Stenosis/fistula

Skin <10 22.5 (7.5 Gy/fx) 24 (8 Gy/H Ulceration

Stomach <10 21 (7 Gy/f) 24 (8 Gy/f) Ulceration/fistula

Duodenum* <5 15 (5 Gy/fx) 24 (8 Gy/f Ulceration

Jejunum/ileum* <5 16.2 (5.4 Gy/i) 27 (9 Gy/t Enteritis/obstruction

Colon* <20 20.4 (6.8 Gy/f) 30 (10 Gy/fx) Colitis/fistula

Rectum* <20 20.4 (6.8 Gy/fx) 30 (10 Gy/&) Proctitis/fistula

Bladder wall <15 15 (5 Gy/fx) 30 (10 Gy/i) Cystitis/fistula

Penile bulb <3 21.9 (7.3 Gy/fx) 42 (14 Gy/f) Impotence

Femoral heads (right and left) <10 21.9 (7.3 Gy/fx) Necrosis

Renal hilum/vascular trunk <2/3volume  18.6 (6.2 Gy/x) Malignant hypertension

Parallel Tissue Critical Volume (mL)  Critical Volume Dose Max (Gy)  Endpoint (=Grade 3)

Lung (right and left) 1,500 10.5 (3.5 Gy/f0 Basic lung function
Lung (right and left) 1,000 11.4 (3.8 Gy/f Pneumonitis
Liver 700 17.1 (5.7 Gy/H0 Basic liver function
Renal cortex (right and left) 200 14.4 (4.8 Gy/f Basic renal function




Serial Tissue

Volume (mL) Volume Max (Gy) Max Point Dose (Gy) Endpoint (=Grade 3)

FIVE-FRACTION TREATMENT

Optic pathway <0.2 20 (4 Gy/f) 25 (5 Gy/f) Neuritis

Cochlea 27.5 (5.5 Gy/fv) Hearing loss

Brainstem <1 26 (5.2 Gy/i) 31 (6.2 Gy/f) Cranial neuropathy

Spinal cord <0.25 22.5(4.5 Gy/fd) 30 (6 Gy/f) Myelitis

<1.2 13.5(2.7 Gy/fx)

Cauda equina <5 30 (6 Gy/f) 34 (6.4 Gy/t) Neuritis

Sacral plexus <3 30 (6 Gy/fx) 32 (6.4 Gy/f) Neuropathy

Esophagus® <5 27.5 (5.5 Gy/fx) 35 (7 Gy/f0) Stenosis/fistula

Ipsilateral brachial plexus <3 30 (6 Gy/fx) 32 (6.4 Gy/f) Neuropathy

Heart/pericardium <15 32 (6.4 Gy/i) 38 (7.6 Gy/k) Pericarditis

Great vessels <10 47 (9.4 Gy/i) 53 (10.6 Gy/fd Aneurysm

Trachea and ipsilateral bronchus® <4 18 (3.6 Gy/fx) 38 (7.6 Gy/t) Stenosis/fistula

Skin <10 30 (6 Gy/fx) 32 (6.4 Gy/&x) Ulceration

Stomach <10 28 (5.6 Gy/ix) 32 (6.4 Gy/f) Ulceration/fistula

Duodenum® <5 18 (3.6 Gy/fx) 32 (6.4 Gy/t) Ulceration

Jejunum/ileum* <5 19.5 (3.9 Gy/x) 35 (7 Gy/t) enteritis/obstruction

Colon* <20 25 (5 Gy/fx) 38 (7.6 Gy/h) colitis/fistula

Rectum® <20 25 (5 Gy/fx) 38 (7.6 Gy/k) proctitis/fistula

Bladder wall <15 18.3 (3.65 Gy/f) 38 (7.6 Gy/f) cystitis/fistula

Penile bulb <3 30 (6 Gy/fx) 50 (10 Gy/fx) Impotence

Femoral heads (right and left) <10 30 (6 Gy/fx) Necrosis

Renal hilum/vascular trunk <2/3volume 23 (4.6 Gy/i) Malignant hypertension

Parallel Tissue Critical Volume (mL)  Critical Volume Dose Max (Gy)  Endpoint (=Grade 3)

Lung (right and left) 1,500 12.5 (2.5 Gy/fx) Basic lung function
Lung (right and left) 1000 13.5(2.7 Gy/f) Pneumonitis
Liver 700 21 (4.2 Gy/t Basic liver function
Renal cortex (right and left) 200 17.5 (3.5 Gy/fx) Basic renal function




L NTCP .. (Emami vs QUANTEC)
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Nadstavba udajov z DVH v BioGray

Scheme “"Ruz 3FM2.5Gy65% SBRT LG_

Start 21.10.2011

Stop 26.10.2011

23.10.11

Plan RUZ Stereo_ahs
OHCENTRA W rebra

DVH files

Refresh list
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CDVH pre SBRT 3F/ 12,5 Gy/65% PTV
#57,7Gy V 1zocentre) NSCLC I.
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Scheme “"Ruz 3FM25Gy65% SRT LG_L
Start 21.10.2011 Stop 26.10.2011

231011

TCP/NTCP **Ruz3F/12,5Gy65% SRET L} L TCPINTCP
O TCP LUNG NSCLCa RCUR Tl CTV RF=0,45 (Gy=58)
#—— NTCP SPIN CORD @MID EMA WH BF=0,15 (Gy=6 W=39%) Date
¥ NTCP ESOPHAGUS @EMID QUA GII WH RF=0,3 (Gw=7 W=44%) TCP ¢ NTCP opt.
—@— NTCF RIE CAGE EMID EMa GII+ WH RF=0,Z (Gy=33 V=253
—+——HTCP HEART @EMID Q& WH BF=0,2 (Gy=54 W=13%) [ Show benefit factor
—— NTCF LUNG-PTV REMID QUA RFNE WH RF=0,3 (Gy=37 ¥=10%) W Show all tumour

1004 [ End - point values
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[ E=RTW  Export chart
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Porovnanie NTCP s limitmi pre
toxicitu Gr.lll. v 3F rezime SBRT
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Zlomenina rebra predikovana z
retrospektivneho modelovania NTCP
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i AKky je dopad v gyn.HDR brachyterapii ?

= Vplyv je zanedbatel'ny !
davky na kriticke organy pri HDR -
frakcionacii 4-5F/5-7Gy/ na AICTV
(= 60-80% )
= Vyznamny dopad sa prejavi az pri davkach
10Gy/frakciu



AKy dopad pri EBRT+HDR u Ca prostaty ?

TCP/NTCP NJ LowR _2HDR

o TCP PROSTATE testowaci @CUR T3 HR CTV RF=0,046 (Gy=54)

w NTCP BELADDER RBMIL QUA GIII WH RF=0,1 (Gy=51 V=58%)
~—@—— NTCP URETHEAL BMID ZEL WH RF=0,3 (Gy=65 V=353%)
=—t=——NTCP RECTUM @MID QUL GIT+ CCE RF=0,Z% (Gy=G6Z V=6Z%)
Benefit [PROSTATE £~] wvs [URETHRA @M-]=73%

TCP/NTCPNJ LowR _2HDR

o TCP PROSTATE testovaci BECUR T3 HR CTV RF=0,046 (Gy=54)

T NTCP ELADDER EMIDI QUA GITI WH RF=0,1 (Gy=51 W=35B5%)
~——@——NTCP URETHRA EMID' ZEL WH RF=0,3 (Gy=65 W=53%)
=t=——MNTCP RECTUM EMID QUA GIT+ CCZ RF=0,F (Gy=6Z W=AF%)
Benefit [PROSTATE t~] ws [URETHRAL @M~]=383%

TCP/NTCP TCP/NTCP PoklesTCP / NTCP

Ca prostaty 98,5 % 94,9 04 %
Uretra 26,0 % 12,4 % 054 %



i Ako sa LQ-L prejavi v Kklinike ?

Surviving Fraction

High a/f (LQ)

Low o/ (LQ)

i

Low a/ff (LQ-L)

Dose

U nizkych o/f3
( napr. Ca prostaty a/p=1,5Gy
TCP 0 4-5% nizsie!)

Pri o/ >= (Lung Ca)
(a/p =10 Gy)
TCP sa znizuje zanedbatel'ne

Late effects znizuje
o/B=3 Gy
0 10-50 % bodov !



i Diskusia

= FSRT sa Uspesne vyuziva pri lieCbe inoper.
NSCLC l.a Il.st. , HCC 1 inych lokalitach

Pozorovane late efekty Ill. gr. pod 3 %
Lagerwaald et al. 219 pct. Cerv.Cas. 2008

= Radiobiol. simulacie BED/EQD, a NTCP
umoznuju vyltcit’ chyby pri vyuziti dat DVH
a zvolenej frakcionacie.



Zavery z modelovania
1$Roz§|’renie algoritmu LQ-L pre hypoF v SBRT
spresnilo vypocty BED a NTCP pri d/fr >=6 Gy.
2. Dopad fenoménu na predikciu NTCP sa prejavuje
ori <= 3F vyznamne !
ori N >= 5F je nevyznamny.

3. Vgyn. HDR brachy pri N >= 4F sa neprejavuje

4. Pri 2F/8Gy HDR brachy u Ca prostaty model
predikuje znizenie BED 014 Gya TCP 0 3-4 %.




i Overall message

,,In spite of advanced technology
,,golden tool"" of good radiotherapy
still remains - radiobiology!

Prof. J. Overgaard
ESMO/ECCO/ESTRO Congress
Stockholm 2011






i Ponuka

= Radiobiologicke modelovanie Ué¢inkov RT sa
stava sucast’ou procesu optimalizacie
planovania modalit RT a QA

= Na tuto problematiku (vratane SBRT ) bude
zamerany planovany workshop :

,Putovanie v ,,5. dimenzii radioterapie*
11.-12 .10.2012 v MOU Brno



