FENIKEZ APXEZ AKTINOOEPAINEIAX
- PAAIOBIOAOITIIA.
O POAOZ THZ AKO 2TA 2APKQMATA
MAAAKQN MOPIQN.
(Texvikeg IMRT, MPQTONIA, YIIEPOEPMIA

KATT)
Kovioviiog E. Baoiierog

AxkTivoOepamevtc-OyKoAOY0S

KaOnynmg Latpikng Xyoing
IHav. AOnvav

B’EPI'AXTHPIO AKTINOAOI'TAX
ITANEIIIXTHMIOY AOHNQN

ATTIKO NOXOKOMEIO



[1aTl XPEICOPAOTE TN
padlofioAoyia”?

«H paoroproroyia etvar yio Tov
AkTtivoOgpamevtn) OYKoAOYO OTL Y10 TOV
KMVIKO Latpo 11 Nocokopo n 6ot
XOPNYNGT QUPRAKOVY

G. Steel (mazepac tnc ovyypovng
poolofroloyiog)



BIOAOI'IKEZ ENMIAPAZEIX

H amoppoenon ¢ ovtiCovoag aktivoPoriog amd to
BroAoyikd vAIKA OnutovpyEl LLE
ATOTEAEGLLOL T ONULOVPYI0 OPIGUEVOV GYTLULOTIC LDV TOV
ovoudlovral

Ot eAeBepeg piCeg etvar atopa N LOPLA NAEKTPIKAL
OVOETEPM, UE GOV aPOUOVS TPOTOVIMV Kol NAEKTPOVI®DV,
aALG Eva NAEKTPOVIO TNG EEMTEPIKNC oTIPAOOS OEV
oynuatiCel Cevyoc (acVLEVKTO NAEKTPOVIO), LE
amoTEAEGUA O1 EAEVOEPEC pilec Va eivan ECOLPETIKA

YN UUKDG . Eme10m 10 nopo mov kvpropyet
TOGOTIKA 6T BLOAOYIKA VAIKA £lval awTO TOL VOATOGC, Eivol
AVTO TOL KLPIWC OEYETOL TNV EMOPOCT TNG AKTIVOPOATNG.



AANNAETTIOpACN AKTIVO[BOAIQC-
BloAoyIKwV UAIKWV 1.

H npodtn avtidpaon yivetal oe ypovo 1018 sec:
H,O—H,0"™+e- (1)

OOV O KUKMGKOQ 0TO 0EE10 LEPOC TOV YNUKOV. TOTTOV,
cvpuBoiier éva acvlevkto niektpovio. I'vpw ota 107 12
Ssvrapoksmoc apPyOTEPO TO nkgmpowo GUVOEETOL LE LOPLL
VEPOU ["evvoatmuévo niektpovio”, e(aq)], evo
TOVTOYPOVA T ECOLPETIKA Bpacmm piCa H,O* drooméron:

H,0*% — H* + OH® (2)

Eniong unopet va wapayOet pia piCo erevbepov
VOPOYOVOV:

e(aq) + H+ > H° (3)

aAAG KO

OH® + OH® -> H,0, (4)



AANNAETTIOpACN AKTIVO[BOAIQC-
BlOAOYIKWYV UANIKWYV 2.

2VVOTTIKA, 1 PAOIOAVGT] TOV VONTOC TEPLYPAPETOL ATTO
Vv e€lomon:

(5)
O1 ehevBepec pileg OH®, eivan aotadeic ko eEQPeTIKA
OPOCTIKEG, YU aLTO Ko 1 EUPELEIR TOVS lvar LIKPOTEPT
amo 100 Angstrom. Edv éva opyoaviko pnoplo, RH (w.y.
DNA), Bpebet péca otnv Tpoytd TV EAEVOEP®V POV,
Oa cupPovv avTOpPACELS TS LOPPNG:
RH + OH® - R° + H,0

Oa wopoybovv dniadn opyavikéc piCec R®, mov ¢
actodeic Kot pe vynAo evepyeloKo meplEyOUeVo, Ha
LETAGYTLOTIOTOVV YPTYOPO, TPOKAADVTOS LETAPOAN-
BAGPN otn doun Tov OpyaVIKOL LOPiov.



O POAOX2 TOY O=YI'ONOY 2.

TO LOPLOKO OELYOVO GTO TEPIPAALOV TMV
OKTIVOPOANUEVOV KUTTAP®V, ONUIOVPYEL
TOAAEC eAeV0EPEC PICEC EVO TO TOCIKO LOPLO
H,0,, evoveral pe popla-00te H kot
"uovipomotel” Tic PAAPeC oTa opyoviKa
Lop1aL.

To 0&vyovo gtvarl 0 KVPLOTEPOS
OKTLVEVUL6ONTOTTOL0C TTOPAYOVTUCS




Duaoikoxnuikd oTadIo Kal BIOAOYIKA
ETTIOPACN AKTIVOBOAIAC (CUVOTITIKA)

P0o10Avo1n V00T0C — APUGTIKES PICES —
PLapn DNA

H,O + hv —» e(aq) + OH° + H°+ H, + H,0,
I_
I_

DNA — BAéB




O POAOZ2 TOY O=YI'ONOY 3.

Tomwéc In-[00onc-emPimong] KaumvAeg yio
ToPOVGia (LoPo KAEIGTA TETPAYMVA,) KOl
otnV anovcia (Keva teTpdynva) O2.

=
2
x
)
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Dose (KGy)



H YINNO=IA 2TOY2 OI'KOYX

H avénon tov pueyebovg tov 0ykov mpovimobEtel avinon
TNG OULLOTIKNG TPOPOO0GIaC. AVTO EMITEAEITOL LE TN
ONUIOLPYIN VEOTAACT®V Ay YEI®MV Kol OVOUALETOL
, LOVO oL Ta. ayyeia vt cuvNOWE elval

LOPPOAOYIKA KO AELITOVPYIKA KOl OEV TPOPOOOTOVV
LLE EMAPKELN OAEC TIC TEPLOYES TOV OYKOL UE 0ELYOVO Ko
OpenTiKd cLGTATIKA.
Kvttapa mwov Bpickovior o€ andctacn 100-180 um omwd
KOO0 ayyeio eival ovvatd va tpocAdfoovv o&vyovo ue
otdyvon. Kottapa mov Bpiokovtal 6e peyoAutepn
om()cswcm oo UOPOPO AYYELD OEV AVATVEOLV KOl
KOTOOTPEPOVTOL, GYNUATICOVTAG TEPLOXES VEKPDTEWMS GTOV
0YKO. XT0L OPLOL BVTAV TOV TEPLOYDV VLAPYOVY KOTTAP!
Covtova aALd KOl ETOUEVMC, CYETIKMG



Aucnon OER (Aoyoc etraucnong
OCUYOVOU)
1. BeAtiwon t)e Tiung tme oooQaipivyg
2. Xopnynon mopoyaymy VITpoiulooLoAng
3. YrepPapixo olvyovo - carbogen
4. Nixotvouion



rPAMMIKA ENANOTIOEMENH ENEPTEIA
(LINEAR ENERGY TRANSFER, L.E.T.)

‘Eva @opTicuévo couatioto Katd Ty mopeio To
LEGO GE KATO0 DAIKO, amOOETEL TNV EVEPYELD TOV
OTO LOPLOL TOL LAIKOV 0VTOV, KOTA UNKOG TNG
TPOYLAC TOV.

H péon evamotiBEpevn evépyeia ava Lovaoo
LIKOLE TNG TPOYLAS TOV COUATIO0D, OVOLLACETOL
ypauukd evamotiféuevn evépyera (Linear Energy
Transfer, L.E.T.) ko1 petpiétan o€ keV/um.

Emouévoc, vynAn LET, onuaivel mokvoug
LOVTIGLOVC KO KOTO GUVETELO UEYUAVTEPT

Broroyikn BAafn.




LET

Koumoiec empPiwonc yia orapopao ion axtivofoliog. Ooo avldverar n tiun
tne LET, ovédvetal kai o opiOuog 1wy KOTTAPmY. TOL KOTOOTPEPOVTOL, EV)

Ol KOQUTTOAES ETLPLOTEWS YAVODY TPOOOEVTIKG, TOV “@uo" kair omwoxtodv
UEYOAVTEPY KAioH

x_ AKTIVEG-X
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Adon oe cGy x 100




KUTTAPIKOC KUKAOC
EvaiocBnoia otn ¢aon G2M




KUTTAPIKOC KUKAOC

H axtivogvaicOncia
glvol LEYIOTN 6T Ao
G,-M kou elayiotn ot
@aon S.

15 min
hyperthermia
at 45.5°C

CELL—SURVIVING FRACTION
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HOURS AFTER PLATING MITOTIC CELLS



H BAapn rou DNA

To DNA &ivai T0 6HUAVTIKOTEPO KUTTAPIKO GCOGTATIKO TTOD
UTTOPEL VO TANYEL, APOV UETAPEPEL TO PEVETIKO KWOIKA. £2C TO
o gvaiocOnto Tunua Tov Hewpoévral o1 ﬂdaglg THG

. Alla mmavrma HOpLa. TOD lcvrz'apov OV Elval
ovvaTo va. nﬂmxovv ano Tny am'lvoﬂolla gvar.Ta Kal
o1 TV KOTTAPIKWY UEULPAVOV. 2TIC TPWTEIVEG,
gvaicOntos oty axtivofoliia givai o

H axtivofolia empepel molimy L0y plLaffes 6TO HOPLO TOD
DNA, molleS amo TIC 0TOIES TO KVTTAPO TIS EMLOL0POwVel,
dALeS TIS ueTafiffalel 6Tovs amoyovovs Tov (pocov Eivol
Pracyuo uetao Ty axTivoffoincn) eva UIKPO, GYETIKA,
0G0GTO PlLafdv, 00YOVY GTOV KVTTAPIKO Oavarto.
Extog ano to

TO OTTOLO0L HETA ATTO AKTIVOSOLNGH
KATAGTPEPOVTOL KATO, TH UHECOPAGH, OAO TA A0 ELON TWV
KOTTAP VY TOV OL06TIKOV, DPIGTAVTAL AVTO TTOV OVOUALETAL
“mrwtikoc Qavaroc'




MITWTIKOG BavaTog

Ta kotTapa oev webatvouv auecmc, aAAN
HLOALG ETLYELPTGOVY TNV ETOUEVN 1) TIC AlYEC
ETOUEVEC UTMOELC.

MdaAlota Kotd cOpPocn, To KPLTplo Thg
AKEPALOTNTOC EVOC KUTTAPOV, EVUL VL
omoel S0 vEéa KutTapa, ONANOT Vo
OAOKANpOGEL 5-6 prtwoelg (25=32, 26=64).



Auvnrika @avarneopa BAaBn

‘Exer mapatnpndel, 0Tt n xuttapikn eniPioon sppoviCeton
GYETIKA YNAOTEPN €AV TO OKTIVOPBOANUEVO KOTTOPO
tomtoBetn00vV 6€ GLVONKES O1OTPOPIKTIG ATOCTEPTONG,
VTOELOC, GE TOAD TUKVEG KOAMEPYELES 1] OVOGTAAEL M
TPOTEIVOGHVOEST Le KuKAOECAULION.

H avénon ¢ emPioong opeiletal otnv L0
aKTIVIKNG PAAPNGC Tov Adyetan , POV
etval Qavatneopa Lovo eav 0ev 000el 6T0 KLTTAPO O
YPOVOG Yo TNV emo0pOmwon tnc. H edon ¢ PAAPNS avtic
KOl 01 UMnyoviolot exotopfmong g tval availoyol g Ui
Oavatneopog PAGPNC.



KYTTAPIKH KINHTIKH TQN
DOYZIOAOINKQN I2TQN

2TV KMVIKT paotoftoloyia eivar ¥proiuo vo dlakpivovton ot
(PLOLOAOYIKOL 1GTOL TOL EVIAIKO, OVAAOYO LLE TO-OV 1] VOVEDGT)
KOl | AE1TOLPYla TOVG, ETITEAOVVTOL OO TOVC 10100C KLTTOPIKOVG
TAnOucpovc.

Ot 16701 6TOVG OTTOIOVG 1) AVOVEMOT] KO 1] Aertovpylia yivovtol amo
61(1(p0p8m<0vg KLTTOPIKOVS TANOLGUOVS, OVO uaCovrou

TOTOV (Hlerarchlcal H) Aoym ™ "epapyknc" doung tovg.

Tétowot 16701 €tvar ta emOnAla (Evtepo, 0épua K.A.1T.), O
QLLLOTTONTIKOC 16TOG, K.A.TL.

Avtibeto, 0vTol GTOVG 0TOIOVE 1] AVAVEMGT) KAl 1) Agttovpyid
smrskouth oo TOVG 1010V¢ KLTTAPIKOVG n?m@ucsuovg, olafETovv
onAaon pia "eveAcia" otn Proroyikn Tovg GUUTEPIPOPO,
ovoudalovto (Flexible-F). [Tapadsiypoto opydvmv mov
ATOTEAOVVTOL OTTO TETOLOVC 1GTOVG EIval TO NP, O TVEDUOVOLC, Ol
VEQPOL, O VOTIOMOC UVEAOG



loTol TUTTOU H, F

IZTOI TYNOY H IZTOI TYNOY F
lepapxikn dourn EOKQuITIN SOMN

Apxéyova kuTtTapa Apxéyova
(stem cells) KUTTGpa
autoavavéwon l I

l

MeraBatikd kirTapa Qpipa
(precursor cells) KUTTapa
evioxuon

l

Npipa-AciToupyIka kiTrapda
(mature cells)
Agtroupyia




AVTATTOKpPION TWYV ICTWYV TUTTOU
H ornv akrivoBoAia

H axtivoPoAiia 6tovg 16To0g TVmov H Bkamst TOVG KUTTAPTIKOVG
nkn@ucuoug LE TN HEYOADTEPN HITOTIKN OPOCTNPLOTNTA, SnXaBn
KVPImG ToL HETAPATIKA-OL0POVHEVE KOTTAPE. AVTO oNpaivel OTL To
OPLA-AEITOVPYIKA KOTTOPO TTOV PLGIOAOYIKO KOTOGTPEPOVTOL LE TO
puBuo mov yapaktpiCel Kae 1010, oev avtikadictavial enapkog. H
LLEIOOT), EMOUEVOS, TOV DPLOV-AEITOVPYIKAV KOTTAPOV. OLEYEIPEL
EULECO KOl TO OPYEYOVO-TTOADOVVALLO GE QVENCT TNG HITOTIKNAG TOVG
OpOoTN pLOTNTOG, pE anors?»gcpa Yot gKSnK(Dvsrat KOl GE QVTA, M
aKTviKT BAAPN mov £yovv vootel. H peiowon tov Kstrovpyucoov
KLTTap®V Oa cuveylotel, Ba ekONA®OEL KAtviKA 1 akTivikn PAGEN
(CLUTTOUOTOAOYIO KO OLVTIKELLEVIKA ELPTUOTO) GTOV OKTIVOPBOANUEVO
1670 Kol avAAoYa Le TN 0001, €ivon mhavr), TEMKA, N KATAPPELGT TOV
16TOV.

Emouévmg, o



O=.A.l

Eme101, @ucsloAoyikd, ot ¥povor Cmnc ToV
KLTTAP®V GTOVS 16TOVE TOTTOV H, givat ¢
TACEMC NUEPOV N Ay®V EooUAd®V, GTNV
KAIVIKT] aKTIVOOEPUTELD O1 OVTIOPAGELS TOVG
TOPOATNPOVVTUL OGO OL0PKEL I aywyn). It
aVTO TO AOYO OVOUALOVTOL OCELES
OVTLOPAGELS Kot O1 16701 TVTTOoL H, cuyva

OTOKAUAOVVTOL 0SEMS OVTLOPMOVTES LOTOL
(OE.A.I) n



AVTAITOKpPION TWYV ICTWYV TUTTOU
F ornv akrivofoAlia OW.A.I.

Etovg 16100¢ TOmov F 0 puOudg kuttaptking avovemonc
etvon Bpaovc Kat y1' avto N aktivikn PAGPN skonAmvetot
LETA OO LAKPO YPOVIKO OLAGTNLLOL, TOV UTOPEL VOl
EKTEIVETOL EMC KOl YPOVIOL LETE TNV OKTIVOBOANOY.

[l avtd 01 aVTIOPAGEIC TV IOTOV AVTOV, OVOUALoVTOL
OWYILLEG OKTIVIKEG OVTIOPACELS KOl VTIGTOLY O O1 16TO1\ QVTOl
ovoudZovtal oyiua avtopwvteg totol (OW.ALD).
2ouPatikd, OYIUES avTIOpAGELC, BempovvTon AVTEG TOV
TOPATNPOVVTUL TPELS (1], COUP®VA UE AALOVC) ECL UNVEC
HETA amd TO TEAOC TN aKTivoDepameiag.



O=IMEZ ANTIAPAZEIZ

O1 OyueG TapeEVEPYELES TNG aKTIVOOEPTTEING YEVIKA
CLVIGTOVTOL GTN VEKPMOT] 1)/KO OVTIKOTAGTAGT] TOV
(PLGLOAOYIKOD AEITOLPYIKOD 16TOV OO OVAMON 16T0. Ot
OYLLEC TTAPEVEPYELEC TTOV TOPATNPOVVTOL GTO OEPLL ETva:
OKATNPLVGT], TNAQYYELEKTOGIES, VEKPOOT, ECEAKMGT KO
onuiovpyia cupryyiwv. I'ta To vevpikd 1610 elval n
QTTOUVEMVMOGT], VEKPMGT) KOt ONULOLPYI0 OVADOOVS 1GTOV.
ApapOTIK] KAIVIKT] EKQPOocT] 0VTOV Eivol 1 €YKAPG1o
LVEALTION OTO VTTEPOOGOADYTGT TOV VAOTLAIOV LLVEAOV.
["la Tov 0oTitn 16TO oYU TOPEVEPYELD ELVOL 1] OGTEO-
VEKP®GT], Y10 TOV TTVEVLLOVO 1] TVEVUOVIKT] tveon K.A,T.

Ovo10oTIKO KPLTNPLo anm)x{ag ™G amwo@spansmmﬁg
aY©YNG EIvaL 1] ATOQLYT TV OYIUOV TUPEVEPYELDV, POV
QVTEG EIVOL UN OVAGTPEYLES Ko Umopei vor BEcovy oe
Ktvouvo tn Con 1 TNV akepotoTnTa ToL Achevouc.



H Bswpia Tou oToyou

H Bewpia Tov o100V Paciletor o€ ovo-vrobeoelc. H mpotn apopd
oTN PV NG aKTvOoPoAiac, g mapdyovia. Tov opa ue "acvveyn"
evamobeom EVEPYELNG GTO UEGO, TEPITOV OTTMS OPOVV Ol GPOIPEC
TOAVBOAOV, ONANON LUE OLOKPITA TANYLOTA (LOVTIGLOVC).

H og0tepn vmobeon €xel oyeon ue to PLOAOYIKO AVTIKEILEVO, TO
KOTTOPO0, O Uio TOADTAOKT OOUT, TNS OTO10G KATOL0 QOUIKA
otoyela (0€oEc-0TOY01) OlaKpivovTon OO TOAD UEYUADTEPT
gvaroncio ota "TANynata' g aktivofoAtac.

210 TAaicla TG Oempioc Tov oTOYOV, LVITAPYOLVY EvaicOnTEg OEqEIC-
oTOYO1 LECO 6€ KADE KVTTUPO, TOV TPEMEL OAES VO KOTAUGTPOPOVV
v10. va, Qavatmbel To kotTapo. Kabe O¢on, uropel va katactpapel
amo £vo, 1 TEPIGCOTEPU TANYLOTA, EVD OV KATAGTPAPOLV V-1
O¢oelg, To kKOtTOpOo eMPravel kol emoopbwvel Tic PAGPeS, av
QLGIKE 0V KOAOVONGEL AAAN aKTIVOPOANGT GTO HETAED

oo TN,



O poAog TG GVVOMKNG 0061 G Kot NG Oe®pPLlag TOL GTOYOV GTNV
emPioon TV KLTTdpmV.
multitarget single hit (MTSH) equation:

P=1—(1-eXD)N

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 xoumdAn avt aroteleiton amd 00O TUNUOTA.

To Tp®TO 0POPA GTNV TEPLOYN TV YOUNADY OOCEMV KOl £YEL TN
uwopon "oupov" (shoulder), Tpdyuo mov onuoivel ueL®UEVN
OTOTEAEGUOTIKOTNTO, TNG OKTIVOBOMOC GTIC YOUNAEC OOCELS KUl TO
0€VTEPO, ElVaL svei)ypauuo-eK(%auKé. Eav &ovue 100, m.y.,
KOTTOPO KOl G' OVTA Katoweuné)oi)v ue tuyatio tpomo 100
Gowarn(pop(x n?myuona 101€ T0 37% (=€-1) TV KLTTAPWV-
oTOY WV B amo@vYEL 0TO100NTTOTE TANY LA Kot Oa emPLocet.

Eav 1 0001 y1a va eniPiocel 1o 37% tov kuttdpov givon Do, o
aplOuoc Tov BavatnEeop®V TANYUATOV ava KOTTAPO UETE OO
ooon D, Ba eivon D/Do.




MTSH

Kopmdoin enPioong Onrlactikav (Puck-
Marcus, 1956)

OUO : ] :
/ e Multitarget single hit
4 /Dq

1.0

05 o «Bempio TOL GTOYOLVY
(J
; :

KAGopa emiwong




Tutikn d1adikaaia tng £mdI0pBwaonc 1NS UN
Bavarneopac BAaBNGS, axnuarika.

Karaotpogr
paong

MNoAuvoukAeoTidIK
Arykdor)
————-

I Emravépawon

AigoTraon
alvoibag




KAaouaToTToinon 000oNng
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AOCEIC aAVOXNC PUTIOAOYIKWYV I0TWV

2repuoto/mokvttapa, Pokdc 10 Gy
Neppog, [Iveduovog 30 Gy
Hnop, poeAdg ootmv 40 Gy

Kapoid, ['anotpeviepikd, Notioioc poerog | 50 Gy

Eyképaioc, op00, ovp. Kvo 60-70 Gy




T1 gival AKTivoBepartreia

AxTvomepameia lvar 1 xpNnon akTivoPoiiog
(X, e, v, B, a, K.A.m.) yio T Oepameio
OLOPOP®V TOONGEMV KO ELOIKAY
VEOTTAOGLOTIKODV.

Kaxonbdeic: Kapkivol, Xapkouara,
Melavopoaro, I'Aotopata, K.A.T.
KaAonoeic: onpayyeiopato, apbporadeieg,
K.A.TT.



Eidon AKTivoOepaTreiag

ECoTepIKN: YIVETOL LE YPOULKOVE ETITOYVVTEC
(LINACS) KOBOLMto Co%, kéoro(Cst?’),




[ PAUUIKOC ETTITAXUVTNC

LA EL LR RO AR R R AR L ELERER R RN RAERERERERERER Treatment
Accelerator tube head
T i

Modulator = Magnetron

Power supply

HAexktpoOvia emttaydvovTol Kot
TPOGTITTOVV GE GTOYO GTNV
£€000 OOV EMPPaOLVOLEVDL
Topayovv aktivooiio X.



Aladikaoia 1. (KaBopiouocg)

Kabopiopuoc 0ykwv aktivofOAnong: ce
OLEOVIKEC TOLOYPOPIEC TNG TEPLOYNG
EVOLUPEPOVTOC, GYEOLALOVTOL TO TEPTYPOLLLLL
TOV 0.60EVONC, 0 LOKPOGKOTTIKOC OYKOG
(gross tumor volume-GTV), to kKAivikdg
oyko¢ otdyov (clinical target volume-CTV),
0 GYEOLGLOV OYKOG 6TOY0VL (planning target
volume-PTV) kot ta dpyova o€ Kivovuvo
(organs at risk-OAR)



CTV: Clinical Target Volume
PTV: Planning Target Volume

-~ Pubic symphysis

. PTV 8 = }‘. Py
Skin o . //— Pubic bone
Spermatic cord — "t‘*-;, k /// - Sartorius m.
Femoral a ' > o e Pectineus m.

Rectus femoris m.

GTV Femoral v.

Tensor fasciae latae m.

Gluteus medius m.
liopsoas m. ——————"
Greater trochanter
Internal obturator m.——— .
- Prostate

|schium —

=5
, o Y/ > e Levator ani m.
Ischiorectal fossa ——— ~— J ! 0 T8
e il i . Anal canal
Subcutaneous fat ———— SRR e .
Anococeygeal ligament — T Gluteus maximus m.

ICRU 50: International Commission on Radiation Units and
Measurements.

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



Aladikaagia 2. 2XeOIAOUOC

Me ™ ¥pMo1N NAEKTPOVIKOD VTOAOYLGT)
oYEOOCOVTOL TO TTEOIO AKTIVOBOANGNC, 1| YEMUETPIQ
TOV TENIMV KOl 01 IGO00CIUKES KOTOAEC.

2-A 6TO KEVIPIKO EMIMEOO AKTIVOPOANGTC
oYEOACETUL 1 OKTIVOPOANGY

3-A 6e OAEC TIC TOUEC TTOV nsptkauﬁowouv TOV oyKo
oyeolaCeTal n aktivobepameio. N




mﬂpmﬁ)\ag 1.
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|0'0500'I(]K€§ CAMTTUAEC 2

B[] B3 || & Piostate 5 Field - Model View




Dose volume
histogram

AVOUOIOYEVEIX
KATAVOMNS 000NG




Aladikaoia 3. Ecopoiwaon

2€ EOIKO UNyAvnua Tov cav Asttovpyia
OEV OLOPEPEL OO EVAL AKTIVOGKOTLKO,
eCopotmveral n Oepameio Tov AapPavel o
acOevnc. EAEyyeton n Oepameia pe
OKTIVOGKOTIKO TPOTO Y10 KAOE medio Kl
raupdavovrar guauc. EZYMBATIKH
EEOMOIQYXH

2.€ E0IKO AEOVIKO TOUOYPAPO AappPdvovtot
TOUEG Kol TomoBfeTovvTaLl GNUdOLn £ TOV
OEPUOTOC KOl akOAOVOmS aupov 0 Tatpog
GYEOLAGEL TO GTOYO KO TA OPYOVA GE
KIVOuvo, He AoYIo KO TPOTO (EIKOVIKAE)
tomofeTovvTon To TESTM AKTIVOPOANGTC.
EIKONIKH EEOMOIQXH







\Tplcﬁé@mm AVATTOPAYWYN

(XKTIVOVp(X(pI'\Gg\GKTIVOB('))\r]OT]g
TTUEAOU (DRR-peWis@radiation




[Tw¢ Ba-akTIVO[FOANCOUUE TOV
OTOXO KOl OXI TOUC UYIEIC I0TOUC?




Conformal radiotherapy
2 UJPOopPN aKTIVOBepaTTEia
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Intensive modulated radiotherapy (IMRT)
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IGRT

Image Guided Radiotherapy -
ATeKovioTiKA Kafoonyovuevn
AxtivoOepameio
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IMAGE GUIDANCE FOR PRECISE CONFORMAL RADIOTHERAPY
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Automatic localization and segmentation of the rectum on CT images. In a row-wise order, these are daily CT

views as near as possible to the same slice position. Automatic localization and segmentation are based on the
contouring information of the planning CT 1mage (leftmost 1mage on the top panel).
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Hypofractionation (SRS ‘akpaia’ popoen
hypofractionation)

Adaptation
Use new diagnostics
Radiobiologically equivalent concepts

New techniques (e.g. SIB)
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Radiosurgery: Modern Definition

* The delivery of a stereotactically
directed, highly focal, large single
dose of radiation to obliterate
vascular lesions or inactivate tumor
growth

ASTRO 2006



GK SRS 1n the US: Indications

Benign Diseases — S8 % Benign Diseases (cont’d)

Benign Tumors —31% Functional Disorders — 12%
* Meningioma (45%) * Trigeminal Neuralgia
* Acoustic Neuroma (29%) (87%)

» Pituitary Adenoma (14%) ° Other Functional

* Other Benign Tumors Disorders (13%)
(12%) Malignant Tumors — 42%

Vascular Lesions — 15% » Metastases — 67%

« AVM (96%) * Gliomas —27%
 Other Vascular Lesions » Other Malignant
(4%) Tumors — 6%
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ESTRO,
ESMO

Imaging

MRI

For extremity masses

Gives good delineation between muscle, tumor and
blood vessels

CT for abdominal and retroperitoneal

PET

May help determine high vs. low grade
May be helpful in recurrences



ESTRO,
ESMO

Staging

AJCC/UICC Staging System for Soft Tissue Sarcomas
T1: <5cm
T1la: superficial to muscular fascia
T1b: Deep to muscular fascia
T2: >5cm
T2a: superficial to muscular fascia
T2b: Deep to muscular fascia
N1: Regional nodal involvement
Grading
G1: Well-differentiated
G2: Moderately differentiated
G3: Poorly differentiated
G4: Undifferentiated



ESTRO,

ESMO
Staging
Stage IA G1,2 T1la,b NO MO
Stage IB G2,2 T2a,b NO MO
Stage I|A eRF:! T1la,b NO MO
Stage |IB  jerR: T2a NO MO
Stage |l G3,4 T2b NO MO
Stage |V Any G Any T N1 M1

Staging system predicts survival and risk of metastasis, but not loca
**Does not take Into account extremity vs. visceral
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ESTRO,
ESMO

Prognostic Factors

* Poor Prognostic factors :
- Age > 5o years
-Size >8cm
-Vascularinvasion
- Local infiltration
- Tumour necrosis
- Deep location
- High grade tumors
- Recurrent disease
- Certain histological subtypes eg. non-liposarcoma histology



ESTRO,
ESMO

Relative risk for recurrence and survival

Age >50 years 1.6
Local recurrence at presentation 2.0
Microscopically positive margin 1.8

Size 5.0-10.0 cm 1.9
Size >10.0 cm 1.5
High-grade 4.3

Deep location 2.5

L_ocal recurrence 1.5



ESTRO,
ESMO

Resection

Arbitrary 2 cm margin if no plan for post-op
radiotherapy

Negative margins may be adequate for post-

op radiation therapy

Presence of positive margins increases local
recurrence by 10-15%

No need for lymph node dissection as only 2-
3% have nodal metastasis






ESTRO,
ESMO

Adjuvant radiotherapy

Small, low grade tumors resected with 2 cm
margins may not require radiation

Improves local control but not survival

Whether improved local control leads to
Improved survival Is controversial



Local recurrence with post-op
brachytherapy
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ESTRO,
ESMO

Pre-op or post-op radiation?

Some avoid pre-op use because of increased
wound complications (although this is
debatable)

RCT looking at wound complication rate pre-op vs post-op
radiation showed 35% vs 17%

Risk confined to lower extremity
Conclusions: pre-op may be better for upper
extremity and head & neck because of equal
wound complication risk and benefit of lower
radiation doses to more vital tissues



Pre-op vs post-op
radiotherapy

Overall Survival

Event free (%)

.0

FPanents at nsk
Preoperative RT
Postoperatuve RT




ESTRO,
ESMO

Radiation Therapy

» Historically, all patients underwent amputation for extremity
sarcomas

» NCl randomized study demonstrated that high grade lesions could
be treated with limb-sparing surgery with concurrent adjuvant
chemo-RT

» Rates of amputation fell to <10% as postop RT became widely used
after limb-sparing surgery



ESTRO,
ESMO

Treatment of Recurrence

20-30% of STS patients will recur

More common In retroperitoneal and head &
neck high grade tumors because hard to get
clear margins

38% for retroperitoneal
42% for head and neck
5-25% for extremity

After re-resection recurrence IS 32% for
extremity and much higher for visceral

Conclusion: Consider Radiotherapy!




ESTRO,
ESMO

Metastatic disease

Lung most common site of mets, but visceral
often go to liver

Median survival from development of
metastatic disease IS 8-12 months

Resection or Stereotactic RT of pulmonary
mets can give 5 year survival of 32% if all
mets can be ablated or removed

>3 mets IS poor prognosticator




ESTRO,
ESMO

Prognosis for retroperitoneal sarcomas

5 year survival after complete resection of 54-
65%
Drops to 10-36% Iif incompletely resected

Recurrence occurs in 46-59% of completely
resected tumors



ESTRO,

ESMO
Radiation or chemotherapy for
retroperitoneal sarcomas
Radiation
Gl and neurotoxicities limit delivery of sufficient
doses
May improve local control but ONLY with IMRT
or SBRT
Chemotherapy

Use for recurrent, unresectable or metastatic
disease



Need for Radiation Therapy after Conservative Surgery

Study Treatment arms Local recurrence Overall survival or
Disease free survival
Pisters et al High grade (n=119) 30% vs 9% 5 year DFS
MSKCC 1996 CS versus CS + BRT (p=0.0025) Combined for all
n =164 patients
(Extremity + Trunk) Low grade (n=45) 26% vs 36% 81% vs 84%
CS versus CS + BRT (p=0.49) (p=0.65)
Yang et al High grade (n=91) CS 19% vs 0% 10 year OS
NCl 1998 versus CS + EBRT (p=0.003) 74%0 vs 75%
n=141 (Both arms received (p=0.71)
(Extremity) chemotherapy)
Low grade (n=50) 33% vs 4% 10 year OS
CS versus CS + EBRT (p=0.016) 92% vs 92%

BRT=brachytherapy
EBRT=external beam RT




ESTRO,
ESMO

Indications for Radiotherapy

Post Operative :

All Deep seated tumors
All High grade tumors
Intermediate grade tumor, size > 5cm

Lowgrade tumors :

Positive or close (<1cm) resection margins

» Locally recurrent disease following initial wide
excision
Tumor location that would not beamenableto
subsequent salvage surgery



ESTRO,
ESMO

Indications for Radiotherapy

* Pre Operative
* Unresectable disease
* Resectable disease but resection will lead to significant functional loss



ESTRO,
ESMO

Radiation Therapy

Planning and Simulation

Positioning :
Depends onthe site ofthe primary lesion
A limbshould be positioned to allow treatment withas many
potentialbeam angles as possible
Thelimbshould be positioned as far away from the trunk
(for upper extremities) or from the opposite limb(for lower
extremities) as possible
Proper immobilization devices should be used depending
onthe site ofthe primary
The position should be reproducible
A custom cast is highly recommended for almost all
scenarios












ESTRO,
ESMO

Radiation Therapy Volumes

« Conventional :

* Phase |
» GTV:Reconstructed from pre-op imaging.

= CTV :Consider compartment at risk of microscopic spread. Should include biopsy
site, drain site and scar

GTV + 5 cm longitudinally. Radially 2 cm expansion of GTV
= PTV =CTV + 5-1.omm {depending on departmental set up) or 1 cm beyond scar

* Phaselll
= CTV:2 cm longitudinal and radial expansion of the GTV

» Strip of tissue should be spared laterally (if possible) : To decrease the risk
of lymphedema



ESTRO,
ESMO

Radiation Therapy Volumes

* Pre operative

* Based on RTOG Sarcoma Working Group consensus (2011)
* GTV : Gross tumor delineated by the T1 post gadolinium MRI

» CTV : Forintermediate to high grade sarcoma > gcms
= GTV +3-cm margins in the longitudinal directions and 1.5-cm margins radially.

= These margins can be truncated if they extend beyond the compartment or into an
intact fascial barrier, bone, or skin.

= Peri tumoral edema on T2 MRI should be included within the CTV
* PTV:CTV + 0.5 cm to 1 cm margin (Depending on institutional protocol)



ESTRO,

ESMO Radiation Therapy
Volumes

Post operative :

CTV :

Pre operative GTV seen onthe MRI and Surgical bed
Allthe tissues handled during the surgery including the incisionand any
drainsites.

Anadditional longitudinal margin of 2to4 cm anda radial marginof i1.5to 2 cm
IS generally added to the operative bed toformthe CTV

A second (and sometimes third) course field reduction is
typically used in the postoperative setting.

CTV margins for the reduced field(s)vary and can include
about 2cm on the operative bed or onthe initial GTV



ESTRO,
ESMO

Radiation Therapy Doses

* Pre operative
* 5o Gy in 25 fractions (2 Gy/ fractions)

» Additional boost of 16 to 20 Gy (delivered in 1.8 to 2 Gy/ fraction) in cases
of close or positive margins




ESTRO,
ESMO

Radiation Therapy Doses

* Post operative
* 60 to 66 Gy (1.8 — 2 Gy/ fraction) : Negative margins
* 66 to 68 Gy (1.8 — 2 Gy/ fraction ) : Positive margins

» The first course of treatment is typically treated to a dose of 45 to 5o Gy
and the balance of the dose is either given in one reduced field or split
about evenly between two reduced fields.



ESTRO,
ESMO

Radiation Therapy Toxicity

* Acute toxicity :

+ Skin erythema
Skin desquamation
Wound complications
Localized alopecia
Fatigue



ESTRO,
ESMO

Radiation Therapy Toxicity

* Chronic Toxicity :

* Edema
Subcutaneous fibrosis
Decreased muscle strength

Decreased range of motion and pain
Bone fracture

Peripheral nerve damage



TIMING OF RADIATION THERAPY

PRE OPERATIVEOR POST OPERATIVE 77?7



ESTRO,
ESMO

Pre Operative Radiation Therapy

Advantages Disadvantages
* Smaller RT fields * Higher risk of major wound
« Lower RT doses complications

* Reduced treatment time
* Tumor down staging

 Radiobiological advantage



Post Operative Radiation Therapy

Disadvantages
Complete tumor specimen is Largertreatment volumes

available for pathology review . Higherdoses
for determination of histology —
More hypoxictissue-

and margin status o ) :
Radiobiological disadvantage

Lower riskof majorwound e . =
complications ng Incidence of latetoxicity




Updated Results of NCITrial
2002

* 2005
Late radiation morbidity following randomizationto preoperative

versus postoperative radiotherapy in extremity soft tissue sarcoma
Davis AM,Radiotherapy Oncol.2005Apr;75{1):48-53

Post-op RT associated with worse fibrosis as wellasjoint stiffness
(although not statistically significant).

Outcome:Grade 2+ fibrosis pre-op RT 31%vs.post-op RT 48%(p=0.07)
Edema,andjoint stiffness also more severe in post-oparm

Joint stiffness and fibrosis worse with larger field size



INHS

A systematic review and meta-analysis of oncologic outcomes ol pre- versus postoperative

National Institute for

radiation in localized resectable soft-tissue sarcoma Health Research

Al-Absi E, Farrokhyar F, Sharma K, Whelan K, Corbent T, Patel M, Ghert M

5 studies (1 RCT and 4 retrospective cohort) -1098 patients
Localized, resectable, STS.

Comparison of pre operative versus and post operative
Radiaotherapy

Outcome:

Local recurrence better in pre operative group (HR = 0.6,
Significant)
Survival : Pre operative - 76% vs Post operative - 67%

Conclusion: .
%ela mgurglcal resec
erapy doe not|n
ocal recurrence lo
therapy

tion for Prle operative Radiation
creasF mortalit : e
wer after pre op}/eratlve Radiation



ESTRO, ESMO

Conclusions

Softtissue sarcomas are a heterogeneous group of tumors,
managementofwhichisdifficult

They havea highrisk of local recurrence and have a high
metastat ic potential

Multidisciplinary approach is warranted for the proper
management of soft tissue sarcomas

The lesser radical surgical approach with adjuvant radiation
therapy hasimproved the quality of life of patients remarkably



ESTRO,
ESMO

Conclusions

* The newer techniques of Radiation therapy with the reduction in
the volumes of radiation therapy give an advantage of adequate
tumor dosage with less toxicity

 More studies with newer modalities are warranted to achieve
better results



ESTRO,
ESMO

Newer Approaches

* Hypofractionation

* Hyperthermia

* Proton Therapy

* Image Guided Radiation Therapy

* Stereotactic Body Radiation Therapy (SBRT)



A critical narrative review of radiotherapy for retroperitoneal
soft tissue sarcoma
Clara Le Fevevre et al. CCO 2020;9(6):79

Coreclresiores carrd tiecatrrreretr gridelirres

Complete surgical resecuon of RPS remains the mainstay

of treatment, as it provides the most significant impact

on IL.C and surwvival. Howewver, with complete resection
alone, local relapse ranges from 459 to 86%2. INecoR'I™
and AJdJRT seemm unable to improved OS alcthough both
decrease local relapses. Using advanced techniques of
irradiation such as I(G-TMRT or proton therapv, could
increase the therapeutic rartio, by sparing OARs and
permitring dose escalation to a high-risk target volume.
The results of the EORITC randomized trials S TRASS
could be considered disappointung. The role of radiotherapwv
should be redesigned. Partients who mawv benefit from
radiotherapwv should be highlyv selected and managed
in centers with a high level of expertise in sarcoma that
use modern radiotherapv techniques. Moreover, close
collaboration between radiavunon oncologists and surgecons
1s necded. Finally, using recent mulu-insuamuaonal validated
nomograms could help clinicians make decisions but
crecating nomograms to guide therapeutic decision could
be more relevant than rto predict patient outcome without
therapeutic options to change it
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KivOuVvol Kal TTOPEVEPYEIEC
QKTIVOOEPATTEIOC

Katd 1n dIdpKeIa TNG aKTIVOOEPATTEIOG, Ol TTAPEVEPYEIEC UTTOPEI VA EJPAVIOTOUV O€ Opyava
TTou BpiokovTal oTo TTEdiO TNG aKTIVOBOANONG, aAAG Kal o€ uyH) Opyava TTou BpiokovTal
KOVTQ OTNnV TTEPIOXH TTOU £XEI AKTIVOBOANOEI.

O1 avetmiBUUNTEG EVEPYEIEC UTTOPEI VA €ival TTIO EVTOVEG OTAV N AKTIVOBEPATTEIQ XOopnyEiTal
TauTOXpova PE XNUEIoBepaTTEia.

H akTivoBepaTreia o€ ouvOUAOHO PE XEIPOUPYIKN ETTEMRAON PMTTOPEI ETTIONG VA AUEHOEI TOV
KivOUVO XEIPOUPYIKWYV ETTITTAOKWYV KaI JTTOPEI VO TTPOKAAECEI TTPOPBANUATA UE TNV ETTOUAWON
TWV TTANYWV.

2 NUAVTIKEG BEATIWOEIC OTIC AKTIVOBEPATTEUTIKEC TEXVIKEG (IMRT, protons) kai ota
MNXavuaTa Eyivav Katd Tn OIAPKEIQ TwV TEAEUTAIWV OEKAETIWV KAl COBAPEC TTAPEVEPYEIEC
gival TTAéov TTOAU oTTavieG. O1 TTEPICOOTEPES TTAPEVEPYEIEC TNG AKTIVOBEPATTEIAC
ecagaviovTal oTadlakd YETA TN AEn TnG Bepartreiac. MNa karmoloug acBeveic, dpwC,
MTTOPOUV VA CUVEXIOTOUV YIa EBOOUADES I AKOUN TTEPIOCOTEPO.

AUECEC TTOPEVEPYEIEC < 6 NNVEC
ATTWTEPEC TTAPEVEPYEIEC >0 UNVEC



AUECEC TTAPEVEPYEIEC
Aedopévou OTI N AKTIVOBEPATTEIQ Eival pia TOTTIKA BEPATTEIA; -0l TTAPEVEPYEIES TNG Eival ETTIONG
TOTTIKEG.
OI M0 OUXVEG YEVIKEG TTAPEVEPYEIEG TNG AKTIVOBEPATTEIQC €ival:
- AgpuaTikn avtidopaon (epuBpdTnTa, TTOVOGS 1y / KAl ayoupa) YETA ATTO TPEIG EWC TECOEPIC
EBOOUADEG ATTO TNV £vapen TNG ECWTEPIKNAG AKTIVOBEPATTEIaG, aAAG ouviiBw¢ eykaBeioTavTal dUo
EWG TEOOEPIC ELOONADdEC UETA TO TEAOG TNG Bepartreiag. QoTOOO0, N BepaTTEUUEVN TTEPIOXH) UTTOPEI
Va TTOPAUEIVEI EAAPPWC TTIO XPWHATIOMEVN aTTO TO TTEPIBAAAOV dEpuQ.
- Auoayia r} QUOKOAIO 0TV KATATTOON OPEIAETAI OE QAEYHOVI] TOU OI00QAYOU.N OTToia €ival
ouxVvr Kata Tn dIAPKEIQ AKTIVOBEPATTEIOG TNV TTEPIOXN TOU auXEéva ) Tou Bwpakda.
- NauTia ka1 egeTOC, didppola: PEPIKOi avBpwTrol aicBavovTal 0TI N Bgpartreia TOUG KAVEl va
viwBouv appwaTol AUTO gival TTI0 cuvnBIoPEVO OTAV N TTEPIOXN BEPATTEIQC Eival KOVTA OTO
OTOMAXI ) OTO EVTEPO.
- H tpixé1TT]woon utropei va cuuei 6Tav akTIVOBOAEITAI N KEPAAN.
- K&TTwon: auTo €ival hia KoIVA TTAPEVEPYEIQ KAl JTTOPEI VO OUVEXIOTE YIa KATTOIO
XPOVIKO dI1A0cTNUa META TNV OAOKANPpWON TS BEpaTTEiag.
- Noévog o1o oTOMA KAl oTOPATIKA BAEvvoyoviTIda: MIKPA €AKN KOTA TN DIAPKEIQ QUTAG TNG
BepaTreiag TTou ATTOTEAET YIa CUX VN TTAPEVEPYEIQ OTAV N TTEPIOXH BEPATTEIAC €ival KOVTA OTNV
OTOMATIKI KOIAOTNTA.



MOKpPOXPOVIEC TTOPEVEPVYEIEC

Eival otrdvio va avatrtuxBouv coBapés, HAKPOXPOVIEG TFAPEVEPYEIEC UETA TNV
QKTIVOBEpaTTEia.

QQ0TO0O0, Ol HOKPOTTPOOECUEG TTAPEVEPYEIEC UTTOPEI VA TTNPEACOUV O€ PHEYAAO BaBud Tnv
TTo10TNTA (WG O€ OPIOUEVOUC aoBeveic. MePIKES TTIBAVEC HOKPOTTPOOECUES TTAPEVEPYEIEC
givai:

- Makpo1rpoBecpeg aANayEéG oTo dEpUQ:

- H ep@avion Tou Agp@oldriuaTtog, Eva TTPAEINOo TTou epgaviceTal Otav N AEpNPAdEVES Kal TA
ayyeia €xouv TTANYEi atTtd TNV akTIvoBepaTTEia

- AKPATEIa EVTEPOU, OKPATEIQ KUOTNG, OTEIPOTNTA KAl TTPOWEN EJUNVOTTAUCN OTIG YUVAIKEG ,
OTav akTIVOBoAEgiTal n TepIoxr TNG Aekavng. Edv uttdpyel Kivduvog oTeipdTnTaG NETA aTTd
QKTIVOBEPATTEIQ, O YIOTPOC oag Ba aulnTtroel OAEC TIC ETTIAOYEC YaAli COC WOTE VA TTPOTEIVEI
d100€01un uTTOOTAPICN TTPIV ATTO TN BEpaTTeia oag. MTTopei va gival lavov yia Toug avOopeg
N KaTAWun OTTEPUATOC KAl YIA TIG YUVAIKES N d1aTAPNON TwV wapiwyv yia HEAAOVTIKA XPrion
- NeupotraBnrikdg movog otav yeyaAa veupa BpiokovTtal oTnv akTivoBoAnBeioca trepioxn.

H akTivoBepartreia oxeTieTal ue Eva EAA@PWG augnpEéVO Kivouvo avatTugng evog OeUTEPOU
OYKOU TTOAAG Xpovia PYeTa Tn Beparreia. [a va peiwbei o Kivduvog, o TUTTOC Kal n 600N TNg
Bepartreiag akTivoBoAiag Ba TTPETTEl va oXEDIQOTEN TIPOCEKTIKA.



AAANEC OepaTTEIEC

Aéoun tpotoviov (proton therapy)
YnepOepuio (Hyperthermia)
SBRT



duoikn Baon dEéounc TTPWToViwy (Kkopuer Bragg)
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Hyperthermia



loTOPIKN avadpoun

Eivon 006K0A0 16T0p1Kd Vo KaBop1eOel mote axkpiPmc
TpwTOYPNoIULoTOoOnke N vaepOepuio Oepaneia TV
KokonOwv oykwv. O Inmokpatng 1o 370 m.y. TpOTOC
avaQEPEL 6TOVG 0PoplopnoVe Tov (LXXXVII): "Ot
acOcvelec mov o€ BepamevovTal LE PAPLAKQ
Oepamevovton pe 1o payaipt. Exeiveg mov o€
Oepamedel To poyaipt Oepamevovtal pe TN EOTIA.
Exkeiveg mov o€ Bepamevel n oot ivort
afepamevtec.”" Eivarl yvowotd OTL 61NV ETOYTN TOV
Itmokpdtn e@apuolotoy OEpUIKOC KOUTNPLOUGUOC LE
TN (pNoLoToinon aKiomwv yio tn Oepameia
ECMTEPIKOV EEOPLTIKDOV OYKMV.



loTOPIKN avadpoun

H og0tepn avapopd otn PiPAloypapia oxetiCopevn pe v
eMLOPOGT VYNA®V OEPLOKPOACIOV GTIV VITOYWPTN GO
KoakonOwv veorAaciov £ytve to 1886 and tov-Busch. Xtnv
AVOKOIVOGOT ot avapEPETOL OTL acOeVNC LE 1IGTOAOYIKA
emPePoaropévo capkmpo EVTOTICOUEVO GTO TPOGHMITO
TOPOVGIOGE TANPT VTOYWPTNCN TNG VOGOV UETA a0 OVO
EMEIGOOL0, EPVGITEAN (TVLOOEPUATITION OTTO P-OLULOAVTIKO
OTPENTOKOKKO). O acOevig katd T O1dpKELN TNC
Baktnplotakng LOAVVGNC AVETTLEE VYNAO TTOAVTILLEPO
TVPETO Ko akoAovONce Pabutaio vroympnon Tov
ueyEbovg tov Oykov, ue anotéEAesua 0 aclevnc va Cel petd
000 YPOVIO YOPIC VOGO. AKOAOVONGOV OVOKOIVIOGELS LLE
TOPOLOLEG TTOPOATIPNGELC VIO TN GTEVI] GYECT AVATTLENG
TUPETOV KOl LITOYWPNGTNG TOV OYKOV.



loTOPIKN avadpoun

To 1893 o Coley mapovociace TV dvIOUTOKPIGT GE
10 acBeveic pe kapkivo 0tav ToLC YOpTyNoE
TVPETOYOVEC OVGLEC, YOPIC OUMS O1 OPYLKES
TOPOATIPNGELS TOV VO, EIVOL ETOVOANYIULEC.

To 1910 o Muller ava@épOnke otn oLV TIKY)
yprion vepBepuiac Ko aktivobepameiog oTn
Oepameio Tov KapKivov, Evmd Alyo apyotepa
VOKOIVOGE TOL TPMOTO KAIVIKO ATOTEAEGLLOTOL
Oelyvovtac uio onuavtikn PeAtiooon tov
AKTIVOOEPATEVTIKOV OTTOTEAEGLOTOG LLE TN

YPNGLULOTOINGT TNG VITEPOepUiaG.



KAIVIKEC JEAETEC (OekaeTia 80)

Arcangeli et al 6e Oykovg KeQOANC Kol TpayAOL

Perez et al yio vrotpont) oto Owpakikod Toltymua oo
Ca pootov

Gonzalez et al kou Overgaard et al. yio To peAdvopo.

ATO TOTE TOAALEC ONUOGIEVGELC £YOVV YIVEL LE KOV
GUVIGTAUEVT] OA®V AVTOV OTL 0 GLVOVOUGHOC
aktvodepameiog Kol vrepOepuiog avEavel TNV
TOovOTNTO TANPOVE AVTATOKPIGTC KOl GUVETMC TOV
ELEYYO TNG VOGOV.



OpIouOG

H avénon Oepuokpacioc opsiletor oe un-
ovicovoa aktvoPoAia. H Oeppotnta opeiretal o
EMOYOYIKA PEOUATA GTOV 16TO ((OUIKT] GUVICTMOGO)
KOl GE KPOVGELS TTOAMK®OV LOPImV KLPImE VOOTOG
(CLVIGTOGO GLYVOTNTOG).

H vrepOeppio otnv kAvikn wpdcn opiletal oo M
mEPA, oo T0 PLoloroyiko (35.1°C-37.7°C)
avOY o TS 0EpLoKPOCTaC TOTIKA-TEPLOYLKA GE
gvpoc amd 42.5°C ém¢ 45°C, n cveTnUOTIKG GE
OA0 10 cduo o€ gvpog 41.5°C £m¢ 41.8°C ywpic
Vo TPOKOAEL GOPapd TOEIKA Patvoueva.



OpICUOC

20V LEBOOOC OLaPEPEL OO TO
OepLoKoVTNPLOGLO KOt T XEPOVPYIKT
otafepuia. OGOV aPpopa TOV TPOTO OPAGTG:
01 0V0 AVTEC HEOOOOL ¥ PNGIUOTOLOVY
Oeproxpaocieg avo Tov 45°C kot Bacilovton
GTNV GUECT] KATAGTPOPT] KLTTAP®V, EVO N
vrepOepuia £xel PLoA0YIKO TPOTO OPAGTC
mov PacileTOl GTNV VTOALCT TOV
KUTTOP®V KOl TNV AOLVOLLX
TOAAATAOGIOGLLOV TOVG.



KAIVIKEC uEBOOOI YO

Emgpoveroxn: eEmtepikn 0Epuavon oykmv o Babog puEypt
Kot 4cm oo TNV ETLPAVELN TOV OEPUATOC.

Ev 1w paber: eEmtepikn BEpuavon oykwv ce Pabog dvm
TOV 4cm artd TNV EMPAVELDL TOV OEPLOTOC

Evooiotikn.: ypnon €10IKOV KEPUIDV-EQPAPULOYEDV TOV
e1GEPYOVTaL LEGH KaBeTNp®V oTOV LITO BEPLLAVET) OYKO.

Evookotiotikny: eKUETAAALELOTN TOV PUGIOAOYIKOV
KOLAOTNTOV TOL avOpwmivov couatog (opHo, o1coedyog,
KOATTOG/TpAYNAOG UNTpog) Yo OEpuavon mTopakeipevmy
OYK®V.

Aieyyeipntiky. OEppovon OYKmv Kotd TN OldpKELd
enéuPaonc Ko’ 0Gov 0 OYKOC eIVl ALEGH, YELPOVPYIKAL
TPOGTEAAGLLOG.



PadiofioAoyia: KUuTTapiKEG
BAGBec YO

OV HE UETUPOAN TNG
oVuvOeaMC, TNC OUMEPATOTNTOS KOL TNG PEVOTOTNTUC
TEAKA 00N YOUV 6TO OAvVaTO TOV KLTTAPOV.

TOV KUTTOPOTAACUaTOS. O
AETTOUEPTC UNYOAVIGLOG avapEPETOL GTOV BpuupoTiopnd
TOV AVGOCOUATIKOV KUGTIOIMV KOl GTN KOTOGTPOPT) TMV
KUTTAP®V Ao TNV OmEAELOEPWOOT TEMTIKOV EVIV UMV,

Blroynmukéc mapatnprGelg oclyvouy pio auENUEVT
OPUGTNPLOTNTA TV o€
Oepuovopeva KOTTUPO.



KUTTAPIKO ETTITTEOO

Ot Roti Roti et al Bprjkav 0T Lo un €101K1) KATAGTPOPT) TOV UN
LIGTOVIKOV TpeTeivdy Tov DNA, cvpfaiver petd and HEppoven. Airot
EPEVVITEG TAPATNPOVV BEPLIKT EMIOPOIOT) GE AELTOVPYIES TOV
TPOTEIVOV , OTw¢ o€ oyéon ue 1o DNA, RNA, oty npmteivocivieon
KoL GTIG kenovp"ytsg ¢ avamvong Tov Kuttapmy. H enidpacn g
OeppotnTac mpokaAet TOV TPOTEIVOV TTOV TEMKE YAVOLV
1 O10AVTOTNTO TOVG Kol KabioTavTol AELITOVPYIKE AdPAVEIS .

Daivetor Aoumov 011 0 "kpionog " 6TOY0C dpAcEMC TNG VITEPOEPUING
gtvailm
KOl GTIG
, Kot
oonyet cuvnbwg ce .
Avtifeta , otic 10viCovoeg aktivoPoiiec KOplog 6ToY0¢ eival o DNA|,
omov ta kvttapa tebaivouv Otav Tpocmtabovv va dtoupebovv.



KUTTAPIKO ETTITTEOO

Ta veomAaota ayyeio Tov OYKOL AVETTUGGOVTOL
ATOKTO, GTEPOVVTUL PAGIKNG HEUPPAVIC KoL 1
CLLLLOLTIKT) pOT| EIVOL ATEANG LE OAMOTEAEG L
OLVETTOPKT Ol TPOPT] KOl OELYOVOOT TOV
VEOTAQGLOTIK®V OYK®V. Tovto £yel cav
amotéleasua, YounAo pH oto pukpomepifdiiov
TOV OYKOV TTOV GUVETAYETOL VTOEIN KOl
AKTIVOOVTOYT].

Ta mtapandve cuvOETOVLY Ko TNV O1OLPOPETIKOTNTA
otn opdomn YO ko aktivobepameiog (AKO).



To vro&ka / aTeEA®OS SLOTPEPONEVE KOTTAPO EIVEL
mo OgppogvaicOnra.

To younAio6 eEoxvtapro pH oto pikporepipdirov
TOV OYKOV £VVOEL TNV TOSIKOTNTO TS YO.

H YO 6pa kutTtapikd ot ¢acn S wov eival Kot 1)
L0 OKTIVOAVTOYM

To vwo&ko KEVTPO Tov OYKOV pE TN YOUNAN
OLHATOON 0TOTELEL APLoTO 6TOYXO TNS YO pe v
avénon g Oeppokpaociog o€ ToSIKA emineda

H awpotu) po} ot ayyeio Tov 0YKOL 0€V
avéavetar 0tTav avtog Oeppaiveton o€ avtifeon pe
TOVS YOP® PUGLOAOYIKOVS 16TOVS. 'ETol
0EpROivETOL EKAEKTIKA 0 KOPKLVIKOS 16TOS, EVO 1)
avénon ™S PoNS GiReTOS GTOVS PVGLOAOYIKOVS
16TOVG amayel T Ogppotnta (oynua 1).

To vro&ka / ateh®g draTPEPONEV
KUTTOPO EIVOL TLO OKTIVOAVTOYO.

To younAio eEoxkvtapro pH oto
JuKponeEPLParLov TOV 0YKOV HECH TOV
elev0epv prLov o€V £VVOEL TNV
ToikoTnTa TN AKO.

H AKO 6pa KutTopiKd 6TIS @aGELS
G/M 7mov gival kon ovTio Ogppodvroyes

To vo&ko kéEvrpo Tov OyKov ivar N
L0 UKTIVOAVTOYOG TTEPLOYN].

Koptio perapoin apotikng pofg osv
TOPATNPEITUL GTOVS LGTOVS IUE TNV
oviCovoa axtivofoiia.



MeTaBOAN AIJOTIKING PONGC OTOV OYKO Kal
OTOUC TTEPIPAAAOVTEC PUOIOAOYIKOUC
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Hyperthermia and Radiotherapy.

15 min
hyperthermic
at 45.5°C
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BioAoyikO atroteAecua TNC YO

TER (Thermal Enhancement Ratio)
OecpUiKog ETOVCHTIKOS A0YOS:

Eivatl 0 A0yog tnc 00om¢ axtivooAiog yio
eva BloA0YIKO OmTOTEAEG O TTPOG T 000
AK® mov amatteiton yio, To 1010 BloAoyiko
OTTOTEAECLOL GE GUVOVOGLO HE YO



[Mapayovrag TER: [ia tnv idla mlavoTnTa EAEyXou

TOU OYKOU QTTaITEITOI 000N S POPEC AlyOTEPN OTAV
xopnyeitalr cuvouaopoc AKO-YO
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MeTtaBoAn TER o€ ocuvdpTnon PE TNV
Xpovikn aAAnAouyia AKO kal YO
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Effect of Neoadjuvant Chemotherapy Plus Regional
Hyperthermia on Long-term Outcomes Among Patients With
Localized High-Risk Soft Tissue Sarcoma: The EORTC 62961-
ESHO 95 Randomized Clinical Trial

Issels et al. JAMA Oncol. 2018 Apr 1;4(4):483-492.

E Local progression-free survival Disease-free survival
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Hazard ratio for local progression Hazard ratio for progression
or death with NACT plus RHT 80+ or death with NACT plus RHT
0.65(95% Cl, 0.49-0.86) 0.71(95%Cl, 0.55-0.93)
Log-rank P=.002 Log-rank P=.01
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Years Years
No. at risk No. at risk

NACT plusRHT 162 134 112 90 80 73 68 64 62 52 40 NACTplusRHT 162 126 94 75 66 59 54 52 52 44 36
NACT alone 167 115 89 74 69 64 58 53 48 36 32 NACT alone 167 100 72 61 58 53 49 46 43 33 29




Hyperthermia plus
chemotherapy for sarcomas

A total of 341 patients were randomized, and 329
(median [range] age, 51 [18-70] years; 147 women, 182
men) were eligible for the intention-to-treat analysis. By " it
December 2014, 220 patients (67%; 95% CI, 62%-72%) 1 with NACT plus RHT
had experienced disease relapse, and 188 (57%; 95% b et
Cl, 52%-62%) had died. Median follow-up was 11.3
years. Compared with neoadjuvant chemotherapy alone,
adding regional hyperthermia improved local
progression-free survival (hazard ratio [HR], 0.65; 95%
Cl, 0.49-0.86; P = .002). Patients randomized to

chemotherapy plus hyperthermia had prolonged
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survival rates compared with those randomized to NACT plusRHT 77

neoadjuvant chemotherapy alone (HR, 0.73; 95% Cl, — MCralone %7

0.54-0.98; P = .04) with 5-year survival of 62.7% (95%

Cl, 55.2%-70.1%) vs 51.3% (95% ClI, 43.7%-59.0%), Years

respectively, and 10-year survival of 52.6% (95% ClI, No. at risk

44.7%-60.6%) Vs 42.7% (95% CI, 35.0%-50.4%). NACTdone 167 145 113 56 %0 & 78 73 & 5 o1



SBRT and sarcomas

As preoperative setting

As option for oligometastatic
disease



single site of bony invelvement. Recommendation following systemic therapy was for aggressive consolidative local therapy with SERT. a A representative

T1+c MRI image of the left iliac bone metastasis, b The SBRT plan dosed to 24 Gv in a single fraction to the tumor. Her oligometastasis appears treated and

remaing stable 14 months following treatment

Texas MD Anderson cancer center
Radiation oncology Dpt
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Osteosarcoma in a 60-year-old man 15 years
after postoperative radiation therapy (60 Gy)
for bronchogenic carcinoma







IIpocoyn! Xpewaleton movta
OLOPOPOOLAYVMGCT). AEV PTULEL TAVTA N
aktivoBepameia. ..
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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.




Ap. Tadomovrog Tade

AxtvoBepamentnc-Oykordyog




me@v teYvikov AKO Ba pépel tnv moAvmoOnT

AVTOTOKPIGT YWPIG TAPEVEPYELEC




