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BIOAOI'IKEXZ ENMIAPAZEIX

H amoppoenon ¢ ovtiCovoog aktivoPoriog amd to
Blroroyikd vVATKA OnuiovpyEl LLE
ATOTEAEGLLOL T ONULOVPYIN OPIGUEVOV GYTLOTIO LMV, TOV
ovoudacovtot

O ede0Bepec piCeg etvarl atopa | LOPLO NAEKTPIKA
OVOETEPQ, LE TGOV OPLOUOVC TPOTOVIMV KOl AEKTPOVIOV,
aALG Eva NAEKTPOVIO TNG EEMTEPTKNG OTIRAOOS OEV
oynuatiCer Cevyoc (acVLEVKTO NAEKTPOVIO), LE
amOTEAEG O O1 EAEVOEPEC PILEC Va. ETval EEOPETIKAL

YN UKD . Ene1o1) to noplo mov kvprapyet
TOGOTIKA 0TO BLOAOYIKA VAIKA £lvol avTO TOL VOAUTOC, EIvOl
QVTO TTOL KLPLWGS OEYETOL TNV ETLOPACT] TNG OKTIVOPOALNG.



AANNNAETTIOpACN AKTIVO[BOAIQC-
BloAoylKwyv UAIKWV 1.

H npotn avridpaon yivetal oe ypovo 10718 sec:
H,0—H,0™+e-

OOV 0 KUKAMOKOG 6TO 0€ELO UEPOC TOL YNULKOV TOTOD,
ocvpporilet éva acvlevkto niektpovio. I'vpw oto 10712
OEVTEPOAETTA OPYOTEPD, TO NAEKTPOVIO GUVOEETAL (L€ LOPLOL
vepoL ["evudatmuévo nAektpovio”, e(aq)], evo
totoypova 1 e€apetika dpaotiky piCa H,O* diouondron:
H,0™ —» H* + OH°

Emniong unopetl va mwapayOei pia piCa eAedOepov
VOPOYOVOVL:

e(aq) + H+ - H°

aAAG KO

OH° + OH° -> H,,0,



AANNNAETTIOpACN AKTIVO[BOAIQC-
BloAoyIKWV UAIKWV 2.

2VVOTTIKA, 1] PAOIOAVGT) TOV VOOTOC TEPLYPAPETAL ATTO
Vv e€lomon:

O edebBepec piCec OH®, eivan actabeic Kot eEopeTiKa
OPOOCTIKEG, YU aLTO Kol 1 EUPELEID TOVG EIVOL LLIKPOTEPT) OTTO
100 Angstrom. Eav éva opyaviko uopio, RH (m.y. DNA),
Bpebel péoca otV Tpoy1d TV EAELOEP®Y piimv, Oa cuuBovy
AVTIOPACELS TNG LOPPNG:

RH+ OH° - R°+ H,O

Oa mapaybovv onAaon opyavikeg piCeg R®, mov g acsw@atg
KOl LLE DYNAO EVEPYELNKO TTEPIEYOUEVO, Ba LETOGYMULATICTODV
YpYyopa npOKaMovwg uetafoAn-PAaPn oty dour tov
OpYaVIKOD LOopiov.



O POAOZ TOY O=YI'ONOY.

To poprokd 0&vyovo 1o TEPIPAALOV TV
AKTIVOPOANUEVOV KUTTAP®V, ONUIOVPYEL
TOAAEC EAV0epPEC pilec VO TO TOEIKO LOPLO
H,0,, evovetal pe popra-00otec H ko
"wovipomotet" Tic PAAPEC oTa OpyOVIKG
Lop1aL.

To 0Svyovo €ivol 0 KVPLOTEPOS
OKTIVELULGONTOTOLOS TTUPAYOVTUS




DuoikoxnuIKo oTddIo Kal BIOAOYIKNA
eTTiOpaon akTivoBoAiag (CuvoTITIKA)

P0o10Avon V00 T0C — APUGTIKES PICES —
Brapn DNA

H,O + hv —» e(aq) + OH° + H°+ H, + H,0;
H° + O, > HO,°* (OEYT'ONO!)
HO.,° DNA — BAdfn



O POAOZ TOY O=YI'ONOY 3.

Tomikéc In-[06onc-emPBimong] kaumvieg yio
TOPOVGT (LOVPO KAEIGTA TETPAYWOVA) KO
otnVv anovcia (kevd tetpaymva) O2.
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H YITO=IA 2TOYZ OI'KOYX

H avénon tov ueyebovug tov dykov mpovdmobitel avEnon
TNG OLLLOTIKTC TPOPOO0GTaC. AVTO emTEAEITAL LE TN
ONUIOLPYiN VEOTAACT®V ayYEI®V Kol OVOUACETOL
, LOVO TTOoL TOl ayYEia, vt GLVNOWES Elvon

LOPQPOAOYIKE KO AELTOVPYIKE KOl OEV TPOPOOOTOVY
LE EMAPKELN OAEC TIC TEPLOYES TOL OYKOL UE 0CLYOVO KO
OpentiKd cvoTaTIKA.
Kvttapa mwov Bpickoviar oe anodcstacn 100-180 um oo
KOO0 ayyelo eivan ouvatd va tpocsAdfouy 0Cvuyovo ue
otdyvon. Kottapa mov Bpickovton e peyalutepn
ATOGTAGT] OO QLLOPOPO OYYEID OEV AVOATVEOLV KOl
KOTOGTPEPOVTOL, CYNUATICOVTUC TEPLOYEC VEKPMGEMC GTOV.
O0YKO. 2T0 OP10L VTV TMOV TEPLOY MOV VTTOPYOVV KOTTOP
Covtova aALd KOl ETOUEVOC, GYETIKMC



YIO=IKO KENTPO (Steel et al.)

MEPIKQX
YIIO=IKO




TPAMMIKA ENATNOTIOEMENH ENEPTEIA
(LINEAR ENERGY TRANSFER, L.E.T.)

‘Eva popTicpévo copatiolo katd Ty mopeia, Tov
LEGO GE KATO10 DAIKO, moOETEL TNV EVEPYELD TOV
GTO LOPLOL TOV DAIKOD 0VTOV, KOTA UNKOG TNE
TPOYLAG TOV.

H péon avomorthuavn EVEPYELN AVA LOVAOO!
LNKOVG TNG TPOYLAS TOV W uomﬁlou ovoudCeTon

YPOULIKA evamoTifEpevn evépyeta, (Linear Energy
Transfer, L.E.T.) xou petpiéran oe keV/um.

Emopévac, vynAn LET, onuaivel mukvong
LOVTIGLOVC KO KOTOL GUVETELN, UEYUAVTEPN

Broroyikn BAapn.




LET

Koumoies empPiwonc yia orapopo. ion axtivopfoliac. Ooo avldvetor n tiun
tne LET, avldveron kar o opiOudc twv kottapmv. oo KoTaoTpepoviol, v

Ol KOUTTVAES EMPLIOTEWS YEVOVY TPOOOEVTIKG, TOV "@io" Kou amoKkToDV
UeYOLDTEPN KAioN
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KUTTOPIKOG KUKAOC (OX. 4)

Mitwon




KUTTOPIKOC KUKAOC

H axtivogvaicOncio
etval UeyloTn otn eaon
G,-M kou ehayiotn ot
edon S.

15 min
hyperthermia
at 455°C

CELL—SURVIVING FRACTION

S 8 10 12
HOURS AFTER PLATING MITOTIC CELLS



H BAaBn rou DNA

To DNA &ivai To onuavtikotepo K0TTOPIKO GCVOTOATIKO TOD
UTTOPEL va, TANYEL, 0.POV UETAPEPEL TO YPEVETIKO KMWOIKA. LG TO
7o evaioclnto Tunua tov Oea)pov'vrat o1 ﬂo'zaslg TG

. Alla an,uavrma HOpLa. TOD lcvﬂ'apov oV &Eival
ovvaTo va. mlmfovv ano Ty am'zvoﬂolla gval To. Kal
o1 TV KOTTAPIKDY UEULPOAVOY. 2TIC TPDTEIVEG,
gvaicOntos oty axtivofoiia gival o

H axtivofolia empépel molimv 10V frafes 6TO HOPLO TOD
DNA, moliléc ano tic omoicg To kvTTapO TIS £MIO10pOIVEL,
AAAES TIS ueTafifdlel 6TOvS AmOYOVOVS TOV (EQOGOV EIVAL
frocyuo ueta Ty axtivoffoincn) v Uikpo, GYETIKI,
0G00TO fLofidv, 00nYOVY 6TOV KVTTOPIKO BavaTo.
Extog amo to

T OTT0L0. HETA OTTO OKTIVOLOLN G
KATOOTPEPOVTAL KATA T HEGOPAGCH, OAC, TO AAAO. ELON TV
KOTTAPWY TOV ONlo6TIKOY, VPICTAVTAL AVTO TOV OVOULLETA
"mtwtikog Oavaroc'




MITWTIKOC BavaTocg

Ta kOtTOpa 0ev mwebatvouy auecmS, aAAQ
LOALG ETLYEPTICOVV TNV ETMOUEVN M) TIGALYEC
ETMTOUEVEC UITMOOELC.

MadAlota Katd cOpBacn, To KPLTnplo NG
AKEPAOTNTAC EVOC KVTTAPOL, EIVOL VU
omoel S0 vEéa KutTapo, ONAooT v
OAOKANpGEL 5-6 urtwoelg (25=32, 26=64).



XPOMO2QOMIKEZ BAABEX

TYNOI XPOMOZOMIKON BAABON AMNO THN AKTINOBOAIA

. TeMiko EvbiGpeao AakTOMog Xwpig AvGoTpopn
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MeTall Xpmpooa)pdva




Auvnrika 6avarneopa BAaBn

‘Exel mapatnpnOei, 6011 n kuttapikn emPimon spueaviCeton
CYETIKA YNAOTEPN GV TO aKTIVOPBOANUEVA KOTTOPO
tomo0eTnOovv 6e cLVONKES OLUTPOPIKN G OMTOGTEPNGNC,
VTOEI0G, GE TOAD TUKVEC KOAAIEPYELEC 1] AVOCTOAEL M
TPOTEIVOGHVOEST LE KUKAOECOUION.

H avénon g emPimong opeiletor otnv oG
aKTVIKNG PAAPNGC Tov Adyetan , APOV
etvarl Qovatneopa Lovo v 0ev 000el 6T0 KLTTAPO O
YPOVOC Yo TNV emoopbwon tnc. H evon g BAGPNC avtig
KOt 01 Unyavic ot exotopfmonc e etval avaroyol Tng un
Oavatneopag BAGPNC.



KYTTAPIKH KINHTIKH TQN
DOYZIOAOIIKQN IZTQN

2TV KMVIKY paétoﬁtokoytoc gtval ypNouo vel 6tou<pwoth ol
(QLOLOAOYIKOL 16TOL TOL EVIAIKA, owakoyoc LLE TO GIV.1] AVOVEDCT]
Kol 1 AELTovpyio TOVG, EXTELOVVTOL OO TOVE 1010V KLTTOPIKOVG
tAnvcuovg.

O1 16701 GTOVG OTOIOVE 1) AVAVEMCT] KOl 1| AEITOVPYio YIVOVTODETO
OLOPOPETIKOVS KLTTOPKOVC TANOLGLOVC, ovoudlovTol

tomov (Hierarchical-H) Loym ¢ "epapyiknc" dounc tove.
Tétowot 16701 elval Ta emONAia (Evtepo, OEpUA K.A.TT.), O

QOO TIKOC 16TOG, K.A.TL.

Avtifeta, avTol GTOVS OTOIOVE 1N AVOVEMGT KOt 1] AELTOVPYiok
EMTEAOVVTOL OTTO TOLG 1010VC KLTTUPIKOVE TANOLGLOVS, 0100ETOVY
onAaon uia "eveAi&ia" otn ProAoyikn Tovg cuuTEPIPOPA,
ovoualovto (Flexible-F). [Tapadsiypoto opydvmv mov
ATOTEAOVVTAL OO TETOLOVS 1GTOVE Elval TO NTOP, O TVELLOVOC, Ol
VEQPOL, O VOTIOMOC UVEAOC



loTol TUTTOU H, F

IZTOITYNOYH IZTOI TYNOY F
lepapxikn dour EOKQUITIN OOMN

Apx€yova kuTtTapa Apxéyova
(stem cells) KUTTGpAa
autoavavéwon l I

l

MeTaBatikd karrapa Qpipa
(precursor cells) KUTTapa
evioxuon

l

Npipa-AciToupyIka kiTTapda
(mature celis)
Agttoupyia




AVTATTOKpPION TWYV ICTWYV TUTTOU
H ornv akrtivoBoAia

H axtivoPoAia 6Tovg 16006 Tomov H PAARTEL TOVG KVTTOPIKOS
n?m@ucsuoug LE TN UEYOAVTEPT pm:wrum OPOCTNPLOTNTO, Snkaﬁn
KVPIOG Tol UETAPATIKA-OLOLPOVUEVD KOTTAPA. AVTO ONHaiVEL OTL Tl
OPLULO-AEITOVPYIKE KOTTOPO TOV PLGIOAOYIKA KOTOGTPEPOVTOL LLE TO
pLOUO oL yapakTnpilel KAOE 1610, dev aviikabictaval Erapkns. H
LEIMON, EMOUEVIS, TOV MPIUOV-AEITOVPYIKOV KLTTAPOV. OLEYELPEL
EULECO KOL TOL aPYEYOVO-TTOAVOVVOLLO GE QOENGT) TNG UITATIKIG TOLS
OPUCTNPLOTNTOC, LE OTOTEAEGLO VO, EKONAMVETOL KOl GE QLT T
amwmﬁ BAGPN Tov éxouv vrootel. H peiowon tov Kenovpyu«b\/
KTTapV Ba cuveyoTel, o ekonAwbel kKhvika n aktvikn PAPN

(ov HITTE LLOTOAOY10 Ko OLVTIKEYLEVIKO EVPT LLOTOL) GTOV aKrwoBoM] LEVO
16TO Ko avaAoya LE T 006N, elvan Thavr|, TEAIKA, 1 KATAPPELGT TOL
16TOV.

Emouévmg, o



O=.A.l

Eme101), puoloAoyikd, ot ypdvotl (ong Tmv
KUTTOP®V GTOVC 16TOVG TUTTOL H, givail tnc
TACEMC NUEPOV N AlY®V EROOLUAO®V, GTNV
KAWVIKT] aKTIvoOEPATELD O1 OVTIOPAGELS TOVG
TOPATPOVVTOL OGO OLopKEL N aywyn. It
aVTO TO AOYO OVOLLACOVTOL OEELES
OVTLOPAGELS Kol 01 16Tol TOTToV H, cuyva

OTTOKOAODVTOL 0EEMS UVTLOPMOVTES 16TOL
(OE.A.I) [ |



AVTATTOKpPION TWYV ICTWYV TUTTOU
F ornv akrivoBoAia OW.A.I

Etovg 10100¢ TOmOL F 0 puOUOC KUTTOPIKNG OVAVEWDGTG
etval Bpadvg kot y1' owtd N akTivikn PAGPN sxkdnAmveTon
LETA OO LOKPO YPOVIKO OLAGTNLLOL, TTOV UTOPEL VOl
EKTEIVETOL £M0C KO YPOVIOL LETA TNV aKTIVOOANON.

IV avtd 01 aVTIOPAGEIS TV IGTOV AVTOV, OVOULALOoVTOoL
OWYLLEC OKTIVIKEG AVTIOPAGELC KOl OVTIGTOLYO Ol 1GTOL 0 TOL
ovoudovtal oyiua avtopwvteg totol (OW.ALD).
2ouPatikd, OWILES aVTIOPAGELS, BemPOoVVTUL AVTES TOV
TOPATNPOVVTAL TPELS (1], COUPOVA UE AAALOVG) £CL UNVES
HETA amd TO TEAOC TNC akTivoDepameiog.



O=IMEZ ANTIAPAZEIX

Ot dyueg mapevepyelec e aktivolepameiac yevikd
CLVIGTOVTOL GTN VEKPMGT 1)/KOl AVTIKATAGTAGT TOV
(PLGLOAOYIKOV AEITOVPYIKOV 1GTOV atd OVAMON 16T0. Ot
OYILLEC TTOPEVEPYELEC TTOV TTOPATIPOVVTIOL GTO OEPUOL ELVOLL:
OKATPLUVOT], TNAQYYELEKTACIES, VEKPWOOT, ECEAKWMOT] KO
onuovpyia cupryyiov. I'a To vevpikd 1610 ivou 1
QTTOLLVEATVOGT], VEKPMGT] KOl OT|LLIOVPYI0t OLAMOOLE 1GTOV.
ApapLoTiKn) KAIVIKN EKQPOoT) dVTOV ivor 1 €YKEpG1ol
LVEALTION0 OTO VITEPOOGOAOYTGT TOV VIOTLAIOV HVELOVD.
[0 TOV 06TITN 16TO oYU TAPEVEPYELN EIVOL 1] OGTEO-
VEKPMOT], Y10 TOV TTVEVLLOVO, 1] TVEVUOVIKT] IveGoT K.A,TT.

OvG1a6TIKO KPITHPLO EMLTLYIOS TNG OKTIVOOEPUTEVTIKNG
AYWYNG EIVOL 1] ATOPLYT TOV OYILMOV TOUPEVEPYELDV, QLPOV
QUTEC ELVAL U1 OVOCTPEYIUES Kol Uopel va 0EGouy o€
KIvOuvo tn Con 1 TNV aKePOOTNTO TOV AcOEVONC.



KEPMATIXMOX AOXHX
(fractionation)

AEN YTIAPXEI
TINOTA
MATI'IKO!



H Bswpia Tou oroyou

H Bewpia Tov ot0)0VL Baciletor o€ ovo vrobécelc. H mpmtn apopd
oTn PVUOo™ TG aKTIVOPoAlac, M¢ TopdyovTa.Tov opa Le "acvveyn"
evamofeom EVEPYELNG GTO UEGO, TEPITOV OTTMS OPOLV Ol GPOIPEC
TOAVBOAOV, ONANON LE OLOKPLTE TATYLOTO (IOVTIGHOVC).

H oe0tepn vmoBeon £yel oyéon pe to PLoA0YIKO GVTIKELLEVO, TO
KOTTOPO, MG Lo TOADTAOKT OOUTY], TNG OTO10C KATOL0 QOUIKEL
otoyeia (0€oec-6TOY01) Olakpivovton ard TOAD UEYAAVTEPT
evaietncio ota "TANynata" T aktivoPoiiog.

210 TAaicla TG Bemplog Tov oTOYOoV, LVITAPYOLVY EvaicOnTEG DEGEIC-
oTOYOl LEGH GE KAOE KOTTOPO, TOV TPEMEL OLEC VO KOTAGTPOPOVV
v, va, Qavatmbel to kotTapo. Kabe O¢omn, uropel va katacTpa@Et
amo £va, 1] TEPIGCOTEPO TANYLOTO, EVD OV KOTAGTPOPOVV V-1
O¢oelg, To kOtTOopo emPravel kal emolopbavel Tic PAGPeC, av
QLOIKA 0EV AKOAOVONGEL AAAN OKTIVOPOANGT GTO HETAED

Oldo TN



KoumoAn eniPioonc Onlactikwv
(Puck-Marcus, 1956)
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o \-\\ Multitarget single hit
: — o «Bewpio TOL GTOYOLY

KAGopa emifiwong




O poAog TNC GLVVOMKNS 000NS Kol TG Bemplag ToOv 6TOYOVL GTNV
emPiowon TV KLTTApmV.
multitarget single hit (MTSH) equation:

P=1-(1-¢eKPN

where P is the surviving fraction,

K is the radiation inactivation constant,

D is the radiation dose and

N is the number of target.
H xopumdAn avt aroteleiton amd 000 TUNUOTA.

To ﬂ:po’no (x(popd OTNV TEPLOYT TOV YOUNADV O0GEMV KOl EYELTN
nopon "dpov" (shoulder), Tpdyuo mov onuaivel pelmwuévn
omorskscsuatmomw NG aKTWVOROANC oTIC rounAéc SOGEIS Kot TO
681)1?800 gtval 81)91)YDOLLLLLO ekOetucod. Eav EYOVHE 100, 7.y,
KOTTOPO, KoL G' AVTA KoTovepndovv He Tuyaio TpOmTo 100
Oavatneopa TAyrata, 10te 10 37% (=e-1) tov xuttdpmv-
oTOY OV Bo amo@UYEL 0OTO1001TOTE TATY LA Ko Oa eTProcet.

Edv n 00on yia va emProcel to 37% tov kuttdpov eivor Do, '0
aptOuog Tv BavatnEop®V TANYUAT®V ava KOTTOPO UETE oo
ooon D, Oa eivon D/Do.




Turmmikn o1adikaoia tng EmdI0pBwaong TS Un
Bavarnpopac BAGLNES, OXNUATIKA.

KaraoTpogr
paong

NoAuvoukAeoTIOIKA
Arykdor
————-

I Emravépawon

AigoTraon
aAvoibag




KAaouaToTToinon 000N¢
(fractionation)

SURVIVING FRACTION
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H Aion ¢ KaumOANG
emiPimong ennpedleTon
TOAD TEPIGGOTEPO Ao TO 3
GULOTOTIKO, OTOV TO
GLOTOTIKO OLEIVOL LIKPO
(Lkpn) KAlon). Ozav N
KALoT TNG YPOLUIKNG
BAGPNC etvon peydin, n
mpoctnkmn g P-
GUVIGTMGOC OEV EMTPEALEL
GNUOVTIKA TN CUVIGTOUEVT
o 10 12 14 16 KALGT TNC KOUTOANG

- emProcenc.




AOCEIC avoXNC PUTIOAOYIKWYV I0TWYV

2repUoTo/mokvTTapo, Pokog 10 Gy
Neppog, IIvedpovac 30.Gy
Hnop, poedog ootmv 40 Gy

Kapoid, I'notpeviepikd, Notioiog pverog |50 Gy

Eyképarog, op00, ovp. Kho 60-70 Gy




[ PAUUIKO TETPAYWVIKO TTPOTUTTO
Linear quadratic model (LQ)

BAaPec tomov a eivon BAAPec ovvntika

EMOVOPHDOGIUES

BAaPec tomov P oev eivar emavopbwoiues

Iotoil Tomov H (1epapyikn ooun) pe toyeio

OVOVEDOT KUTTAP®V: 0&eiec PAAPeC
Aépua, BAevoyovor, ...

Iotoi Tomov F (edkoumtn ooun) ue Ppaocia

AVOVEMGT KUTTAPWV: OYLUEC BAAPEC

Nevpikog 16T0¢



MaBnuaTiIKOC @OPUAAICUOC

To ProAoyiko amotéAeoua TG 00ong D e
nuepnoto 66on d, N cuvedpieg ko Adyo o/
TEPLYPAPETOL OO TNV BLOAOYIKA OPAGTIKY 0061
=1=ID)

BED=nd(1+d/(a/p))

O Aoyoc o/P €xer ueydhec tipnec (=>10) yio tay€mg
OVOOLTAOGIOCOUEVOLE 16TOVG (PAevVvOYOVOC Kot
KOKOMOELS OYKO1), EVOD £Yel LIKPEC TIUES (<5) Y
BpaoEme avaotmAactalonevous 1otovg (VELPIKA
KOTTOPO, YOUNANG KakonOeiog OyKot)



[Tapaodelyua

AcBevic aktivofoAndnke ue ooon 2X4Gy.

[16cec ovveopieg ue 3GY avd cuvedpia
UTOPEL Vo TAPEL 0 GOEVIIC 0lGPAAMDC YOPIS
va tdel BAAPN 0 votioiog HueAog?

o/} =2




KEPUATIOUOC

A0GT 0VO GVVEOPLO. OYL TAV® OTTO TO
A0Y0 /P Y10 TOVS VYLELS 16TOVS TOV
oKTIVOoAovvTOL.

A0OGY avd GVVEOPLO TAVO OT0 o/} Yo
TOVS KOPKIVIKOUS LGTOVGS TOV
oKTIVOoAovvTOL.






T1 eival AKTIivoBepartreia

AKTIVOTEPATELD EIVOIL 1] XPNOM
axtivoBoliiog (X, €7, v, B, o, K.A.1T.) yre T
Oepameio O10pOp®V TOONGEMV Kol EIQIKK
VEOTAUGLLOTIKOV.

Kakonbeic: Kapkivol, Zopkouarta,
Melavouato, I'Aowoporta, K.A.T.
KaAonOeig: opayyeropata, apdpomnddeiec,
K.A.TT.



Eidon AKTIVOBEPATTEIOG

ECoTepikn): YIVETUL LE YPOUKOUC ETLTAYVVTEG
(LINACS) KOBOLMLO Co%, kéo10(Cst3’),



http://www.nucletron.com/upload/applicators/big/084050ring.jpg

[ PAUUIKOC ETTITAXUVTNC
|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Treatment
Modulator g==% Magnetron

Power supply

HAextpovia emitoydvovTol Ko
TPOGTITTOVYV GE GTOYO GTNV
£€000 OTOV EMPPaovvouEVa
Topyovy oktivooAia X.



Alodikaoia 1. (KaBopioudc)

KaBopiopoc oykmv aktivooinenc: e
AEOVIKEC TOLOYPOPIES TNS TEPLOYNG
EVOLUPEPOVTOC, GYEOLALOVTOL TO TEPTYPOULLLLOL
T0V 0.60EVONC, 0 LOKPOGKOTTIKOC OYKOG
(gross tumor volume-GTV), to kKAvikoc
oykoc otdyov (clinical target volume-CTV),
0 oyedtaopov oykoc otodyov (planning target
volume-PTV) kot ta 6pyoava o€ kivovuvo
(organs at risk-OAR)




CTV: Clinical Target Volume
PTV: Planning Target Volume

B IRV,

ICRU 50: International Commission on Radiation Units and
Measurements.

Prescribing, Recording, and Reporting Photon Beam Therapy (1993)




Aladikaaia 2. 2Xe0I00UOC

Me T ¥pM61N NAEKTPOVIKOD VTOAOYLIOTI
oYEO10COVTOL TOL TTEDTOL AKTIVOBOANGNC, N YEOUETPLA
TOV TENIMV KO 01 IGO00CIUKES KAUTVUAEC.

2-A\ 6TO KEVTIPIKO EMITEOO aKTIVOPOANGNC
oYEO10LETAL 1) OKTIVOPOANON

3-A 6€ OAEC TIC TOUEC TTOV nsptkapﬁowouv oV O”YKO
oyeO10LETOL 1) oKTIVODEpPOTTELQL. - '




Ioéoclou(ég COMTTUAEC 2.
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Head First-Supine



Dose volume
histogram
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Aladikaoia 3. Ecopoiwan

€ EOIKO UNYAvN Lo TOV Gav AElTovpyia
OEV OLOUPEPEL OTTO EVOL OKTIVOOKOTIKO,
eCopolmveron n Oepameio Tov AapPavel o
acOevnc. EAEyyeton n Oepameio pe
UKTIVOOKOTIIKO TPOTO Y10 KAOE meEdio Ko
AopPBavovron euiuc. XYMBATIKH
EEOMOIQYXH

2.€ E0IKO ACOVIKO TOUOYPAQO AapPdvovtot
TOUES Kol TOTofeTOVVTOL GNUAOLO. ETTL TOV
OEPUOTOC KOl kOAOVO®E apov 0 Tatpog
GYEOLAGEL TO GTOYO KO TO OPYOVQ CE
KIVOLVO, UE AOYIGUIKO TPOTO (EIKOVIKQ)
tomofeTovvTon TO TEOTOL AKTIVOPOANGTC.
EIKONIKH EEOMOIQXH



http://www.siemensmedical.com/webapp/wcs/stores/servlet/ProductDisplay?productId=17253&storeId=10001&langId=-11&catalogId=-11&catTree=100001,12789,12757*352847119&level=0
http://www.siemensmedical.com/webapp/wcs/stores/servlet/CategoryDisplay?productFamilyName=Simulation&storeId=10001&langId=-11&catalogId=-11&categoryId=14391&catTree=100001,12789,12757&level=0&pageName=Simulation

Aladikaoia 3. Oepartreia

® O acOevnc TomoOeTEITUL GTO PUNYOVTILLOL KO
KLV TOTTOLELTOL.

® H nopta acpareioc KAEIVEL Ko O 0.
OEYETOL TNV UKTIVOOALL.



http://www.siemensmedical.com/webapp/wcs/stores/servlet/CategoryDisplay?productFamilyName=IGRT&storeId=10001&langId=-11&catalogId=-11&categoryId=14305&catTree=100001,12789,12757&level=0&pageName=IGRT

Conformal radiotherapy
2 UJPopP@N OKTIVOBEpATTEID
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Dose volume histogram
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Radiation Fields

CXR Portal Film




[Tw¢ Ba akTIvo[FoANCOUUE TOV
OTOXO Kal Ol TOUG UYIEIC I0TOUC?




Intensive modulated radiotherapy (IMRT)
AKTIVO[SOAIa dlaopPOUPEVNG EVTAONG
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Restrictions (ASTRO 2004)

Normal Tissue Constraints

» Spinal cord: maximum dose of 50 Gy
e Total Lung: Mean dose <20 Gy; V20 <37%

— Solutions include beam weighting, reduce CTV to minimum,
reduce PTV through gating, IMRT

— Not an absolute requirement
* Brachial plexus: <66 Gy maximum

* Esophagus: mean dose optimally < 34 Gy

— Not an absolute requirement

Heart: <1/3 at 60 Gy; <2/3 at 45 Gy; 3/3 <40 Gy



Guidelines (ASTRO2007-RTOG)

When the total lung , we might be comfortable
with tumor dose escalation and the very low risk of
pneumonitis. These plans are considered."acceptable."

If a plan has a total lung , alternative
plans should be made with an attempt at reducing.the V20.
If a treatment plan gives a , we do not use

that plan for treatment. All fatal pneumonitis occurred In
patients with a V20 35%.

Similarly, all high-grade pneumonitis occurred in patients with
a V20 of The risk of pneumonitis seems too great:
Options for treatment then include: (1) changing the plan, as
outlined above, (2) administering neoadjuvant chemotherapy.
In an attempt to reduce the volume of the tumor and treat the
postchemotherapy tumor volume, and (3) treating the patient
palliatively with lower doses.



Pneumonitis. and V20

ACTUARIAL INCIDENCE OF
PNEUMONITIS BY V20
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Pneumonitis and chemo-
radiotherapy

Predicting RP from chemoradiation?
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Tsujino et. al. IIROBP 2003



ASTRO 2007, Munger et al.

Mnyaviouog: TGFB etvon pia Knom\/n KAELOL TOV
moilel on uowruco POAO OTNV EMAYWYT TG
LETOKTIVIKTC TVELLOVITIONG.

TGFB pvOuiel pAeyuovmon Kot Tpo-tvoTiKQ
OTOLYEL YIOL TNV ETAY YN TNG PAAPNC

2TOV TVEDLOVO O ETOYDYENC TNG OVTIOPOCTS TOV
TGEFB givon o mapdyovtoc avl36

H un evepyomoinon tov napdyovia avll6 otnv
aAVG1OMTY avtiopacn ue v Kirtokiv TGFER oonyét
GTNV U1 ONUIOVPYIC IVOGEMG KOl OLAECTC
TVELLOVIKNG PAGPNC.



EkonAwaon

Avcrvola

KotapoAn

‘Eviovog mapoluouikoc Bryyog
[Tvpetoc

AKTIVOAOYIKG GTLELN, OTAUECTC
TVELUOVIKN G TVOONG

[Itoon FEV1 kou PO2.



EORTC/RTOG, lung trials 90s. MeanVV20=32




Oepartreia

BpoyyooloctaAtikd
Koptikootepoeion (Makpoypovia > 6€30)

OeTikN TEGT 0CLYOVOV (0EEIEC
TEPITTMGCELG)

AvtifioTtikd (o€ TapdAAnin Aoipmén Kot
TUPETO)

KAwvnpnc acBevnc
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[Tw¢ Ba peiwooupe TNV 000N OTO

TTVEUUOVIKO napéﬁuua XWPIC
VEWYPAPIKN OTTWAEIN TOU @TOXOU?
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The target Is not always visible

FDG-PET/CT







ith PET-CT
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Key differences between:

« Conventional radiotherapy
(RT)

« Conformal radiotherapy
(CFRT, CRT, 3D-CRT)

* |ntensity-modulated radiotherapy
(IMRT)

(From: Steve Webb, Intensity- Modulated
Radiation Therapy, 1oP publishing, 2001)
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Movement of target

Respiratory gating ~ Motion inclusive




Gating

Bellows Device

BR:18 bpm




Gating
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Varian RPM system
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Planned Adaptive Put to Clinical Use

[ DVH Tool Plan ROIs Verification ROIs
ady

Per-fraction
DVH

Re-calculated plan with shifted target

Patient courtesy of St. Agnes Cancer Center Baltimore, MD



Tumor Shi e Week Into Early Treatment
due to dral e of pleural effusion

8l TomoTherapy Operator Station -- University of Wisconsin

patient: STA_Lung
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5 TomoTherapy Operat... |

Clinical Example 2

Patient courtesy of St. Agnes Cancer Center Baltimore, MD



Final result: dose delivery only to

the target
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SUMMARY OF RECOMMENDATIONS

1. Routine Includes history and physical examination, CBCs and
comprehensive chemistry panel, CT of the chest.and abdomen or CT of
the chest with cuts going through the entire liver and adrenal glands, CT
or MRI of the brain, and bone scan. Grade of recommendation, 1B

2. PET is not recommended in the routine staging of SCLC. Grade of
recommendation, 2B

3. After chemotherapy, patients achieving a CR outside the chest and
complete or partial response in the chest could be offered
In the chest. Grade of recommendation, 2C

4. Patients with NSCLC should be treated with combined

. Patients require referral to a radiation oncolagist
and a medical oncologist for the consideration of combined modality
treatment. DOSE>60Gy. Grade of recommendation, 1A

5. Patients with limited-stage SCLC should be treated with combined

. Patients require referral to a radiation
oncologist and a medical oncologist for the consideration of combined
modality treatment. DOSE=60-66Gy. Grade of recommendation, 1A



SUMMARY OF RECOMMENDATIONS

6. If the PS and comorbid ilinesses allow, patients with limited-stage
disease should be treated with chemotherapy and radiation therapy

administered . Grade of recommendation, 1C
7. In patients eligible to receive chemoradiotherapy,
patients should be treated with radiation therapy

concurrently with platinum-based chemotherapy. Grade of
recommendation, 1B

8. Patients with -stage SCL.C achieving a complete remission or
patients with stage | disease who have had resection should be offered
. Grade of recommendation, 1B

9. Patients with -stage SCL.C achieving a complete remission
should be offered PCI. Grade of recommendation, 1C

10. In patients with NSCLC and stage | disease who are being
considered for curative intent resection, invasive mediastinal
staging and extrathoracic imaging (head CT/MRI, abdominal CT plus
bone scan) performed in all patients should be offered. In medical
Inoperable pateints, steretactic RT should be considered. Grade of
recommendation, 1A



Pathologic Diagnosis of Non-5mall
Cell Lung Cancer
Thssue blopsy; Bronchoscopy; Gytology

Staging
Laboratory tests
CBC, serum chemistry, LDH, liver/renal function tests,
Alkaline Phosphatase
Imaging studies
Chest X-ray, FDG-PET, CT/MRI of brain for
dinically stage Il disease, and bone scan (optional)
Mediastinoscopy and blopsy
Cytology of pleural effusion (If applicable)

Surgical Resection
{Lobectomy)
Or
Definitive Radiation Therapy if
Unresectable or Inoperable
(stereotactic radiosurgery or conformal
external-beam radiotherapy)

StageB, I1, or 1A

Surgical Resection
{Lobe ctomy)
Or
Definitive Radiation Therapy if
Unresectable or Inoperable for
Stage IBand Il
(stereotactic radiosurgery or conformal
external-beam radiotherapy)

Adjuvant Platinum-based
Chemotherapy

Unresectable or Inoperable
Stage IlIA or Stage lIIB

Definitive Chemoradiation

Therapy
(concurrent radiotherapy and
platinum based chematherapy)

Superior Sulcus Tumor or
"Marginally” Unresectable
Stage llIA

Neoadjuvant Concurrent
Chemeoradiation Therapy
Platinum based chematherapy
+
External-beam radiotherapy
to 45 Gy In 25 fractions

Surgical Resection if Resectable

{Lobectomy)
or

Continue Concurrent Chemoradlo-

therapy
{definitice dose If unrasectable
after neoadjuvant therapy)




Pathologic diagnosis of SCLC:

Tissue blopsy; Bronchoscopy: Cytology

Clinical Staging:
(Tofchest and abdomen; MRI/CT of brain;
Total body bone scan
or
PET/CT (optimal)

Limited Stage SCLS: Extensive Stage SCLC:
Concurrent EP regimen chemotherapy (4—6 cycles) EP regimen chemotherapy (4—6 cycles)
+ +
Involved field thoracic Irradlalton (45 Gy bid) Radiatlon for symptomatic control

Disease Progression:
Second line chemotherapy
+-

Palllative treatment

PClin Responders:
Whole cranlal Irradiatlon to 25 Gy
In 10 dally fractions

Follow-Up:




AKIVNTOTTOINON 008EVOUg

A

:.'“3»1 5]31.(([(!1 (\

e
."'.'!. .'a's't'mnnnnmummm

OO0 AL RO




> TEPEOTAZ=IA




Biologically Effective Doses for Various
Fractionated Radiation-Regimens (LQ model)

Total Dose  Dose/Fraction BED

© (Gy) (Gy™)
54 1.5 62.1
70.2 1.8 82.8
60 3.0 78.0
66 3.0 85.8
50 5.0 75.0
15 15(single) 37.5

30 30(single) 120.0




Summarized the radiobiology.

It needs to be emphasized that the aforegoing are largely
theoretical considerations based on the assumption that the
tumour clonogens represent the target of the large deses
used in SRT. It is possible that the mechanism of cell
Killing is different for large fractions compared with
conventional fractionation, in which case the theoretical
models may not apply.

(Timmerman et al., Cancer 2006.).



Physics

There are currently at least seven devices capable of body
radiosurgery, several of which have been used for lung
radiosurgery and are reported in the literature.

They differ in important ways regarding their shielding
requirements, vault size requirements, and physics staff
support requirements.

They are similar in that they initially require a large outlay
of capital funds and a devoted oncology team to assure‘use
of the device Is appropriate to the medical needs of the
Institution and community.

To date, no studies have directly compared the efficacy of

these stereotactic radiosurgical devices in the treatment of
lung cancer.



NEE

AXxesse

Cyberknif
e

Hi-Art

Novalis

Primatom

Trilogy

XKnife

Manufacturer

Elekta AB

Accuray Inc

TomoTherapy Inc

BrainLAB AG

Siemens AG

Varian Medical

Integra
Radionics Inc

Marketing Claim Web site
address

“An image-guided-robotic linear accelerator that combines high-
conformance beam shaping with our exclusive 4D Adaptive image
guided radiation therapy (IGRT) technology for advanced
stereotactic radiation treatments.”

“The world’s first and only commercially available radiosurgery
system designed to treat tumors anywhere in the body with sub-
millimeter accuracy.”

“Revolutionary design. Complete integration. Unparalleled
precision. True accuracy. Full assurance.”

“Achieves consistent, superior dose distribution, for a larger range
of indications, in less time and with high precision.”

“This technology brings image guidance to radiation treatment
delivery, providing accurate, near real-time target localization
within the treatment room.”

“The world’s first image-guided radiation therapy system Systems
Inc optimized for both conventional and stereotactic approaches to
treating cancer.”

“The Body System is a non-invasive relocatable device that
provides immobilization and localization for any affected body
area.”



First
Author

Nagata et
al.

Hoyer et al.

Koto et al.

No

i)

40

31

Stage I/11

25%

100%

50%

Total
dose/fractionation

48Gy In 4 fractions

45Gy In 3 fractions

45Gy in 3 fractions
for peripheral
60Gy In 8 fractions
for central

Local Control

100%
(Survival:

83% T1,
72% T2)

85% (survival
48%)

78 (T1)

40 (T2)
(72% overall
survival)

End
Point

3 years

2 years

3 years



MAIN TOXICITY: Pneumonitis!

In a large Japanese multiinstitutional study by Fujino et al. (Cancer J, 2006,
n = 156) of SRT using a variety of dose fractionation schedules, the
Incidence of radiation pneumonitis was higher than would have been
anticipated from the calculated values of VV20(equivelant to conventional).

A smaller Danish study by Paludan et al. (Acta Oncol, 2006, n = 28) found
no correlation between DVH parameters and aggravation of dyspnoea.

The risk of pneumonitis may be increased with fatal consequences if the
hypofractionated treatment technique results in a less conformal dose
distribution, as can happen if a small number of beams (<5) is used.

In all previous studies the incidence of symptomatic pneumonitisis less
than 10%. However, more experience is required to establish safe normal
tissue constraints for the various values of D and d employed in clinical
SRT practice.

The acute pneumonitic phase is followed by the development of lung
fibrosis.

In a study by Ohashi et al. (Int J Radiat Oncol Biol Physics, 2005),
compared with pretreatment values, there was no decline in pulmonary
function at 12 months after SRT for small peripheral tumours.



Other toxicities (<4%)

decline in performance status
rib fracture

pain, including ‘significant thoracic pain that was difficult to
control with drugs’

atelectasis (Atelectasis appears to be related to bronchial
stenosis, and possibly chondronecrosis, a well recognized
complication of radiotherapy in the upper airway.)

pleural effusion
oesophageal ulceration
fistula formation
pericardial effusion.

On the other hand, the adverse effects of hypofractionation
have been known for many years, and the appearance of
serious toxicity in late-reacting tissues following SRT should
not be surprising.



On going trials...

One randomized trial [stereotactic precision and
conventional radiotherapy evaluation comparing
hypofractionated SRT (315 Gy) with conventional
fractionation (352 Gy) for inoperable NSCLC has been
activated in Scandinavia (Nyman).

A second international collaborative study (Komaki) plans
to randomize patients with early operable tumours to either
surgery or SRT.

Phase Il trials planned by the RTOG (Timmerman) include
RTOG 0624, which will investigate the addition of
adjuvant chemotherapy following SRT, and RTOG 0633
which will investigate a ‘gentler’ fractionation scheme for
centrally placed tumours.



Conclusions 1.

SR Is feasible for NSCLC and appears to be superior to
heavily fractionated external beam radiation when used
as primary therapy for early-stage NSCLC.

A number of issues remain to be resolved, including
determining which version of the current coneeptions
of SRS is optimal for NSCLC in terms of safety and
tumor control.

Although higher radiation doses allow better local
control, morbidity and mortality are increased if the
dose Is given as a single fraction or as a few fractions,
particularly for central tumors.

In some SR series, procedure-associated mortality was
much higher with high SR doses than would be
acceptable even after resection, RFA, or a sublobar
resection for NSCLC.



Conclusions 2.

Therefore, until further data is available, SR for
NSCLC should be done in the setting of a
multidisciplinary thoracic oncology team and
reserved for the high-risk patient.

In addition, considering the promising results of
SRS and RFA as monotherapy, it seems that a
multimodality approach rationally combining both
procedures offers the potential to further improve
the therapeutic ratio in favor of oncologic
Intervention for the subset of medically inoperable
patients with potentially curable tumors.



Conclusions 3.

Int J Radiat Oncol Biol Phys. 2008 May 1;71(1):281-9.
Organ deformation and dose coverage in roboticrespiratory-tracking radiotherapy.
Lu et al. Department of Radiation Oncology, Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston,

Adequate dose coverage for lung tumers
can be ensured with proper fiducial
placement and a 5-mm planning target
volume margin.

It seems that this approach is more practical
and effective than the combination of four-
dimensional planning with respiratory
tracking.



Conclusion 4.

Minimum of three fractions of SR Is.the golden
standard.

Dose per fraction iIs ranged from 15 to 25 Gy.
In most series the total irradiation time Is almost
two weeks.

In some series with single fractions (Le et al.
Indiana University) the fatal complications were 3

out of 32111



Conclusions 5.

Refinements of technique and dose as well as
randomized data are required before SRT can be

- - - a1 _ __ 1 T _ _ ___ £ __ __ _a"_ __a_ __
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cell lung cancer

For centrally located tumours, the risks of
hypofractiorzisc SR lrosiment need to be
welighed caretully IT It IS 0 be Turther developed
for this indication.
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EqD,=78Gy. Dose/fraction=350cGy TD® .. .i>90%
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EqD,=38Gy. Dose/fraction=230cGy TD,o,monitis-8oop>90%



EqgD,=61Gy. Prescribed Dose/fraction=200cGy

Deposited Dose/fraction=239Gy TD®,s.iar endotnilitis_(>10years)>90%0
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Osteosarcoma in a 60-year-old man 15 years
after postoperative radiation therapy (60 Gy)
for bronchogenic carcinoma
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Rib fracture in a 47-year-old woman 12 years after radiation
therapy for inflammatory cancer of the left breast.
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CT scan through the carina-demonstrates nodular and tree-in-bud lesions
(arrowhead) in the left upper lobe and in the superior segment of the left
lower lobe, findings that are consistent-with tuberculosis. The ground-glass
attenuation seen in the right upper lobe (arrows) represents radiation
pneumonitis.
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