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J.Fowler: 7 stepsto,,RB-Heaven

1. SF=e*t

2. E=n(ad+pd?) |

3. E=nd (a+pd)
4, BED =E/o= nd (a+pd)/a

5. BED=nd(1+d/(a/B))=TD . RE



Biologically Effective Dose (BED)

S.F. = e €= g(D*D?)
E = nd(a + Bd)

E/o. = nd(1+d/,5)
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Graficka interpretacia LQ

SF =et

E= n(ad+pd?)




Co vyjadruje o/p ?
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Fowler: 6. krok v LQM

Zahrnutie reparacie zo subletalneho poskodenia

BED =nd(a +GAd )

=(In2)/T
G:i H ( ) 1/2

H 11 = 0,46hod



Fowler: 6. krok v LQM

Zahrnutie reparacie zo subletalneho poskodenia
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Fowler: 7. krok LQ modelu

Zahrnutie repopulacie :

E(rep) =nd(a+pd) — (T-Ty) x I:rep'

T - o0zarovaci c¢as
T, - ¢as nastupu repopulacie \
BED =nd (L+d/(w/B)) - (T-T,) x In2/aT,

T, = potencialny doubling time



Fenomen - Repopulacia Tu
Dosledky prerusenia RT

- vedie k predizeniu ozarovacieho ¢asu T

-> sposobuje signifikantnu stratu
v tumorovej kontrole (TC)

+ Tu H&N LC =2 1-2 % /den
+ Tu plruc LC 2> 1,6 % /den
<+ Tu Cerv. ut. LC -2 0,8 % /den



Udaje z literattry

Kompenzacia straty tumorovej kontroly LC
vyzaduje aplikaciu ,extra‘ davky

elU H&N 0,9 Gy/den CI195% :0,8-2,2Gy
eTu pluc 0,6 Gy/den  Cl195% :0,5-1,2Gy
elUCerv.ut. 0,5Gy/den Cl195% :0,3-0,7Gy

Nastup repopulacie
UH&N: T = 28dni uCCU=19dni



a) Nastup repopulaciea TD k TCP
b) ,,Extra‘“ davka po nastupe repopuléacie
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Dopad prolongovanej RT na LC
Tu H&N (63 pct. — Dubinsky,Matula)
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TCP pre standard 35F/2Gy/47d
BED= 66,9Gy, TCP=87 %

@ Scheme AHSN 70 Gy standard
| J Scheme start 2.10.2006 Scheme stop 4.12.2006
TCP/NTCP AH&EN 70 Gy no compens. BED | TCP!NTCP
= TP HEMTAE, MO * (Gy=T0) T MTCP SPINAL CORD CERWIC, (Gy=45 W=54%] |
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T HENT2#3,H0 22 45 BED B29 35 47 7T0,0 669 53,75 100 g7 95 87 68 -
Main menu Schemes DVH Courses || Diagrams Protocol |

Capture actual windows and save to 3 file Info Help Debug




TCP/NTCP bez kompenzacie
LC klesne z 87% na 72% (pauza 1w)

ﬁ] Scheme H&N 70 Gy no compens.
| J Scheme start 2.10.2006 Scheme stop 4.12.2006
TCP/NTCP H&EN compens. by C - HF 2F/d BED | TCPINTCP
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Main menu Schemes DVH Courses || Diagrams Protocol |

Capture actual windows and save to a file Infe Help C=1




Kompenzacia metddou B

Po pauze 7 dni - 10F/2,43 Gy/F
@ | Scheme AHaN compensation of gap 7 da

J Scheme start 2.10.2006 Scheme stop 4.12.2006
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&

J Scheme start 2.10.2006

Scheme H&N compens. by C - HF 2Fid
Scheme stop 4.12.2006

TCP/ NTCP H&N compensation B - HF 2F/day
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Zhrnutie: ., 4+1R*“ Whithersa

@ Repopulation * v K=1In2/o. T
@ Repairing * Vu=1In2/T g0
@ Reoxygenation v 0= (gg-1)est+1
@ Redistribution v ® —> BED

@ Radiosensitivity * v (a/B)



Izoefektivne schemy v LQM

BED, = BED,

TDy0r /26y = TDgop 36y = 60Gy

2
BED ¢ 36, = 20X3Gy(1+ j(};; )=78Gy,, BED;)r 56, =30x2Gy(1+ ol ) =T12Gy,,



|soefektivnost’ v priklade

BED , = BED,

e Pretumory o/p=10 Gy

Dk /26y = TDooe 136y = 60Gy

3G

BED ¢ /5, = 20x3GY(1+ -

?; ) - 78Gy10

BED;yr 56, =30x2Gy(1+

y ): 72Gylo

2.81G
BED, ¢/, 656y = 20X2,81(1+ — ﬁy )=12Gy,,



Isoefektivnost’ pri ,,late* efektoch
BED, = BED,

e Pre NT s neskorou
odpoved’ou a/B= 3Gy
TDy0r /26y = TDgop 36y = 60Gy

3
BED,; )50, = 30X26y(1+§) ~100Gy,  BEDyye 50, = 20x3Gy(1+ ) =1206y,

BED,or 5 650y = 20x2,65(1+%) =100Gy,



Co je NTD (=EQD,)?

NTD = Normalizovana Totalna Davka

odpovedajuca biologickym uc¢inkom verkosti
konvencnej frakcionacii pri 2 Gy /frakciu.

Pre Tu o/=10GYy, pre NT o/f=3 Gy

NTD = £QD, =D, (Gt @/ 5)
(24al B)



Priklad :
? EQD, pr1 3 Gy /fr. a TD=60Gy

Pre Tu o/=10Gy,

(duy 1 B) _ o, 3+10

" (2+al B) 2+10

EQD,=TD = 65Gy

pre NT o/f=3 Gy

£QD, =TD,, (e T2/ ) g5, 313 _ g0y
(24+al pB) 2+3




Prevod BED,,, do NTD(=EQD.,)

NeEw

BED.. = BED._,

BED.. =BED_ . =TD_ .(1+ D )
CF new new OC/ﬂ

2 d

BED: = NTD.(1+——)=TD,,,.(L+ ﬁ)
d
(1+ new )
NTD =TD alf” _1p (Getalp)

new'(1+ 2 ) new (2—|—a/ﬁ)
al B



Graficka prezentacia klasického
LOQM - pri konvencnych davkach

BED, =D+D’/(a ! B)




data from Elkin ray damage and recovery in mammalian cells in culture
Nature 1959:184: 1293-1295
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Fenomén — biologicky ucinnok pri
vysokych davkach vs LQ model !
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Zohrava vyznamnu rolu

pri :

o Stereo-chirurgii TS

e Frakcionovane] SRT
 HDR brachyterapii

kde davky/frakciu > 6 Gy



Experimentalne data mammalian cells —
linearny priebeh SF korespondujuci

s modelom LQ -L




Prezivajuca frakcia SF

SF=¢@*AD) for D < Dy

SF= ¢ @PrtA0rnD-Dr) for D = Dy.



Dvojdielny model LQ-L

data fro| Pl. Action of x-rays on mammalian cells. J Exp Med 1956;103:653-666
1.0e+1.
D, 2
alp  2ap =D+ (0
T

D, <D

yloa=1+2D; [(al )

BED =D, +D; /(! B)+(y!a)(D-D;) D, >D



Zavery |.
ku kompenzaénym metodam

@ Kompenzacéne metdody u prerusenej liecby sa
stavaju sucast’ou programu QA
@ NereSpektovanie repopulacie moze znehodnotit’

Ina¢ dokonale aplikovanu 3D-CRT, ¢i IMRT
liecbu a mOze sa stat’ pre doty¢éného osudovou

@ Metoda (Al) - kompenzacie na konci lieéby je z
biologického hPadiska i nakladovosti
najnevyhodnejsou !
@ Odporucané metody 2F/den resp. vyssia d/f. pre
zvysok frakecii



Zavery k modelu LQ-L

RozsSirenie modelu LQ na LQ-L umoznilo
odstranit’ diskripancie zistene

e v stereo chirurgii

 frakcionovanej stereo RT ( FSRT )

 HDR brachyterapii pri vel’kych d/frakciu

* Pouzit’ relevantne BED pri predikcii NTCP

Poznamka : Bude podrobnejSie v samostanej
prednaske (z 9. kongresu N.Jicin)



Vyhody a limity BED

Vyhoda :
Na vypocty BED a EQD2 staci kalkulacka
Limity :
BED nezohl'adnuje - oziareny objem - DVH
z DVH statistiky — parametre :
VGy’ Dmed’ Dmax
(z projektu QUANTEC su nedostatocne)

Vypocty TCP a NTCP - vyzaduju vhodny SW



Rad.& Klin.
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{mnizte

Zakresli OaR - (Organs at Risk)

Nezakreslené OaR:
# NeviditePné v DVH =, ,neSetrené ““ |
= ,.,nehodnotitePné“= NTCP

14 Brainstem




Zaver

@BioGray s vyuzitim individualneho DVH
z TPS a realneho timingu sa stava
uzitocnym nastrojom v procese
planovania lie¢by

@ Simultanne modelovanie TCP a NTCP sa
stavaju nevyhnutnou podmienkou
objektivneho posudzovania lie¢by



