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loTOPIKN avadopoun

» Eival duokoAo 10TopIKG va KaBoploBei TToTe
QKPIBWC TTPWTOXPNCIUOTTOINOGNKE N UTTEPOEPUIa
Oepartreia TwWV KAKoNBwv OyKwVv.

* O Itrrrokpdatng 10 370 T1.X. TTPWTOC AVAPEPEL
oToucg agoplopouc Tou (LXXXVII): "O1 aoBéveleg
TTou O€ BepaTtrevovTal e @ApUAKa BepaTrevovTal
UE TO paxaipl. Ekeiveg TTou dg BepaTtrevel To
uaxaipl Bepatrevovral he TN pwTIA. EKEivEC TTOU
O€ Bepatrevel N PWTIA gival aBepatreutec.” Eival
YVWOTO OTI 0TNV £TTOXN TOU |TTTTOKPATN
epapuoloTav BEPPIKOC KAUTNPIAOUOG ME TN
XPNOIJOTToINON aKidWYV Yia TN BgpaTtreia
ECWTEPIKWY ECWPUTIKWY OYKWV.



|OTOPIKN avadpoun

* H oeUtepn avagopa atn BIBAIoypagia OxXETICOUEVN UE TNV
€MOPACN UYNAWV BEPUOKPATIWY OTNV UTTOXWPNON
KakonNOwyv veottAaoiwy £yive 1o 1886 atrd Ttov Busch.
2TNV avaKoivwaon autn avagepeTal 0Tl AoBEVNG pE
IOTOAOYIKA ETTIRERAIWPEVO CAPKWHA EVTOTTICOUEVO OTO
TTPOOWTIO TTOPOUCIACE TTANPN UTTOXWPNGON TNG VOOOU
LMETA ATTO OUO £TTEICO0IA EPUOITTEAA (TTUODEPUATITIOO ATTO
B-aINOAUTIKO OTPETITOKOKKO).

* O aoBevng kata Tn dIapKeEIa TNG BAKTNPIOIOKAG JOAUVONG
QVETTTUGE UYNAO TTOAUNUEPO TTUPETO KAl aKoAoUBNOE
Babuiaia uttoxwpnon Tou peyeBoug Tou Gykou, U
aTroTEAECA 0 A0BevAG va (el JETG OUO XPOVIA XWPIG
vOoo. AkoAouBnoav avaKoIVWOEIG PE TTAPOUOIEG
TTAPATNPNCEIG VIO TN OTEVA OXEON AVATITUENG TTUPETOU
KAl UTTOXWPENONG TOU OYKOU.



|OTOPIKN avadpoun

* To 1893 o Coley mTapouaciace TNV avTATTOKPION
o€ 10 aoBeveic pe KApKivo OTAV TOUG XOpPNyNnoe
TTUPETOYOVEC OUTIEC, XWPIC OUWC Ol APXIKEC
TTAPATNPNOEIC TOU VA Eival ETTAVAANWIMEC.

« To 1910 o Muller ava@pepBnke oTn dUVNTIKN
XpNon utrepBeppiac Kal akTivoBepaTtreiac otn
Oepartreia TOU KOPKiIVOU, eV Aiyo apyoTepa
QVOKOIVWOE TA TTPWTA KAIVIKA ATTOTEAECUATA
OEiXVOVTAC Hia onuavTIKn BEATIwoN Tou
OKTIVOOEPATTEUTIKOU ATTOTEAEOPATOC ME TN

XPNOIYOTToiNON TNG UTTEPBEPIAC.



KAIVIKEC HEAETEC (OekaeTia 80)

Arcangeli et al oge oykouc KepaAnc kai TpaxnAou

Perez et al yia uttoTpoT1rr} 0T0 BWPEAKIKO TOIXWUO
atmro Ca pyaoTou

Gonzalez et al kai Overgaard et al. yia 10
MEAQVWQ.

ATTO TOTE TTOAAEC DNUOCIEUTEIC £XOUV VIVEI UE
KOIVI) OUVIOTONEVN OAWV AUTWYV OTI O
OUVOUQOMOC aKTIVOBEPATTEIOC Kal UTTEPBEPMIAC
aucavel TNV TlavoTnTa TTANPOUC AVTATTOKPIONG
KOl CUVETTWG TOV EAEYXO TNG VOOOU.



OpICuOG

 H aucnon Beppokpaciac opeiAeTal O€ Un-
lovilouoa akTIVoPBoAia. H BepuoTtnTa opeiAeTal O€
ETTAYWYIKA PEUPATA OTOV I0TO (WMIKN
OUVIOTWOQ) KAl O€ KPOUOEIC TTOAIKWY LOPiwV
KUPIWG UdATOC (OUVIOTWOO OUXVOTNTACG).

« H utrepBeppia otV KAIVIKN TTpAcN opileTal oav N
TEPA ATTO TO PUOIOAOYIKO (35.1°C-37.7°C)
avuywaon TNG Bepuokpaciac TOTTIKA-TTEPIOXIKA
o€ eUpo¢ atro 42.5°C €wg 45°C, n cuoTNUATIKA
o€ ONO TO owpua o€ eUpocg 41.5°C €wg 41.8°C
XWPEIC va TTPOKAAEI coBapd TOCIKA PaIVOUEVA.



EFFECTS OF HYPERTHERMIA

} Treatment at 40-45° C for ~60
min.

Tumour-specific direct cytotoxicity,
complementary to effect of radio and
bl chemotherapy (insufficient
perfusion in part of tumour)

Sensitization for radiotherapy (factor
1.2 - 5) and chemotherapy (factor
1.2-10)

Up to ~43° C: increase in blood flow

— better oxygenation — better effect
of RT



OpIouocg

e 20V HEBOOOC OIPEPEI ATTO TO
OepuoKaAUTNPIOOUO KAl TN XEIPOUPYIKN
OlaBeppia 6oov agopa Tov TPOTTO OPACNC:
0l OUO aUTEC YEBODOI XPNOIUOTTOIOUV
Oeppokpaaiec avw Twy 45°C Kkal
Bacilovtal TNV AQUECN KATAOTPOVN
KUTTAPWYV, EVW N UTTEPBEPUIa EXE
[B10A0YIKO TPOTTO OpACNC TToU BaaideTal
OTNV QUTOAUCN TWV KUTTAPWYV KOl oTNV
aduvauia TTOAAATTAQCIOCUOU TOUC.



HYPERTHERMIA TECHNIQUE

LOCAL EXTERNAL LOCAL INVASIVE

- radiative

superficial deep
Intraluminal

- capacitive
superficial deep

R R

PERFUSION WHOLE BODY

extracorporeal oY Y Y Y oY ¥y v v v
circulation




PadioflioAoyia: KUTTapPIKES
BAafBec YO

TTOU JE METARBOAN TNG
ouvBeong, TNG OIATTEPATOTNTAG KAl TNG PEUCTOTNTOC
TEAIKG odnyouv 01O BAvVATO TOU KUTTAPOU.

TOU KUTTapotrAaopatog. O
AETTTOUEPNG MNXAVIOUOG AVAPEPETAI OTOV OPUUUATIONO
TWV AUCOCWMATIKWY KUCTIOIWYV KAl TN KATACGTPO®PI TWV
KUTTAPWYV ATTO TNV ATTEAEUBEPWON TTETTTIKWY EVCUUWV.
BioxnUIKEC TTAPATNPNOCEIC DEIXVOUV HIa AUCnNUEVN
OpaacTNPIOTNTA TWV of3
Oepuaivoueva KUTTAPA.



KUTTAPIKO ETTITTEDO

O1 Roti Roti et al Banav OTI MIa PN €10IKN KaTaoTpocpr] TWV UN
IOTOVIKWV Trpralvwv Tou DNA, oupBaivel yeTd atTd BEpuavaon.
AAN\oI apauvmeg TrapaTr]pouv eaplen ETTIOPACN O€ AEITOUPYIEC TWV
TTPWTEIVWYV , OTTWG 0€ axéon UeE To DNA, RNA, oTnv
Trprelvoouveaon KAl OTIC AEITOUPYIEC TNC AVATIVONRG TWV KUTTapwv
H emridpaon g OeppAOTNTAC TTPOKOAEI TWV TTPWTEIVWV
TTOU TEAIKG XAvouv Tn dIGAUTOTNTA TOUC KAl KaBioTavTal AEIToupyika
adPAVEIC .
®aivetal AoITTov 6T 0 "KpIicINOG " 0TOX0G dPACEWS TNG UTTEPBEPUING
givai n
KAl OTIG
. Kal

odnyei ouvnBwg o€

. AvTiBeTa , OTIC 10VilOUTEC AKTIVOBOAIEG KUPIOC OTOXOC Eival
10 DNA , 61T0U TO KUTTOPQ TTEBAiVOUV OTaV TTPOCTTaB0oUV va
dlaipeBouV.



KUTTAPIKO ETTITTEDO

* Ta veOTTAOOTO AyYEIQ TOU OYKOU AVATITUOCOVTQI
ATAKTA, OTEPOUVTAI BACIKNG MEMPBPAVNG Kai N
QIJATIKIN pon €ival aTEANC JE ATTOTEAEC A
QVETTAPKI) O1ATPOPN KAl 0OZUyovwWaon TwWV
VEOTTAQOUATIKWY OYKWV. TouTo £X€I oQvV
ATTOTEAEONA, XauUNAG pH o010 pIKpOTTEPIBAAAOV
TOU OYKOU TTOU OUVETTAYETAI UTTOCIA KQl
QKTIVOAVTOXN.

* Ta TTapATTAVW OUVOETOUV KAl TNV
OIAPOPETIKOTNTA O0TN Opacn YO kal
akTIvoBepaTtreiag (AKO).



To vro&ika / atel®S SraTPEPONEVE KOTTAPA EIvaL
mo OgppogvaicOnra.

To younAio eEoxvtapro pH oto pikpomepifdaiiov
TOV 0YKOV £VVOEL TNV TOSIKOTNTO TS YO.

H YO 6pa kutTtapikd oty ¢acn S wov eival Kat 1)
O OKTIVOAVTOYN

To vwo&iko KEVTPO TOV OYKOV PE TN YOUNAN
OLHATOON 0TOTELEL APLoTO 6TOYXO TNS YO pe v
avénon s Oeppokpaociog o€ ToSIKA eminmeda

H awpotuc) pon} ot ayyeio Tov 0YKOL 0€V
avéavetar 0Tav avtog OeppaiveTton o€ avtiBeon 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 draTPEQONEVQ
KUTTOPO EIVOL TLO OKTIVOAVTOYO.

To younio eEoxkvtapro pH oto
MIKPOTEPLPALALOV TOV OYKOV HECO TOV
elev0epv priov o€V £VVOEL TNV
ToikoTnTa T AKO.

H AKO 6pa kutTapikd oTiS @acELS
G/M 7mov gival kon ot To Ogppodvroyes

To vo&ko kévrpo Tov Oykov ivar N
L0 OKTIVOAVTOYOG TTEPLOYT].

Kopio petafoin apatikng pong ogv
TOPOTNPEITAL GTOVS LOTOVG PUE TNV
ovilovoa axtivofoiia.



MeTaBoAN aluaTIKNG PONG OTOV OYKO KAl
OTOUC TTEPIBAAAOVTEC PUCIOAOYIKOUG I0TOUC
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Hyperthermia and Radiotherapy.
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BioAoyIKO atrotéAeoua TnC YO

« TER (Thermal Enhancement Ratio)
OePUIKOC ETTAUENTIKOC AOVOC:

* Eival o Adyoc Tn¢ 000NG akTIVOOoAiag yia
EVA [BIOAOYIKO ATTOTEAEC A TTPOC TN 000N
AKO T1ToU aTraiteital yia 1o id1o BIOAOYIKO
QTTOTEAEOUO O€ OUVOUQO O uE YO




[Mapayovtac TER. MNa tnv idia moavoTnTa eAEyXoU
TOU OYKOU aTtraiTeital d0an 5 QopeC Alyotepn OTavV
xopnyeitar couvouaouoc AKO-YO
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MetaBoAn TER og cuvapTnon Pe Tnv
XpoViKn aAAnAovyia AKO kai YO

42.5 °C yi& 60 min

|

YO mpiv Tnv AKO ' \YG) HETG TNV AKO

@epaTreuTiKO TTAPABUPO
(30-90min petd AKO)

'"Qpeg peTald Twv BepaATTEIDOY




O@epuiIkn d0OON, TTpoBANuUaTA, |

H petpnon NG Aeyopevng Oeppikng 600Ng atroTeAEl eva
aTo Ta oo3apoTepa TTpoPANpaTa TNG YO. Agv UTTApPXE!
YEVIKA ATTOOEKTOG TPOTTOG UTTOAOYIGHOU TNG AOYW
OUYKEKPIMEVWY TTPOBANUATWY TTOU TTPETTEI VO AuBOUV:

AVOLOIOVEVEIQ OTNV ATTO0ECN EVEPYEIOC KAl KATAVOUNG
Oepuokpaaiag

O@eppopeTpnon: Kara Baon evooIoTIKA. 2ZUVETTWG Eival
avaykaia n emAoyr KataAAnAwv onueiwv. H diakupavon
KOTA TN OIAPKEIa BepaTTEiag ONUIOUPYE ETTITTALOV
TTpoPANuaTa. TeAeuTtaia exouv yivel coapeg
TTPooTTabeIeS yia Tn BeppopeTpnon peow MRI pe Baon
TO TTOAIKA JOpIa JOPIa TOU VEPOU.

Ala@opeTIKn BeppIkn euaioONaia OYKWV-PUTIOAOYIKWY
IOTWV.



OepuIkn 000N, TrpoAnuaTa, Il

@eppoavoxn: To paIVOUEVO KATA TO OTTOI0 Wi ouvedpia
YO em@EPEl OTA KUTTAPA QVOEKTIKOTNTA OE ETTOUEVN
Ocppavaon. To aIvouevo OIOPKE 72 WPES PETA TN
Oeppavan, otroTe KABe ouvedpia YO TTPETTEl va OlaPEPEl
XPOVIKA aTTO TNV ETTOPEVN KAl TN TTPONYOUHEVN 72 WPECG.

AILATIKA POr): OUVAMIKO QAIVOUEVO KATA TO OTIOIO N
arraywyn TNG Beppokpaciac QUOKOAEUEI TOV BEwpPNTIKO
UTTOAOYIOUO TNG BEpUOKPATiag.

XAPAKTNPIOTIKA OYKOU: N YEWMETPI TOU OYKOU (UeyeBog
Kal oxnua) kabopidel kai TNV aTTO0ECN EVEPYEIAG ATTO TNV
TNy TNS pN-1ovilouocag akTIVOPBOAIaC.

IdlocuyKkpacia acBevoug: n duoAVeSia OPIoUEVWY
aoBevwy TToU £Xouv XaunAo oudo TTovou oTn BEpuavaon
ONMIOUPYEI ETITTAEOV TTPOBANMATA.



OeppIKN OO0, KOBOPIOUOG

H Beppikn dooipetpnon atnv YO dnuioupyei eTITTAEOV TTPOBANUATA
oTnv KAIVIKN epappoyn. O Oleson pe TpoTTOTTOINCN TNG OXEONG
Sapareto kal Dewey TpoTeIvav TNV ATTOTIBEUEVN EVEPYEIA OTOV I0TO
yia Bépuavon £TTi XpOvo 1I00dUvVauWY AETTTWYV Yia 43°C:

pRarys vt toml EQ[MIN]T, 43°C = Z R™ AL

R=1/4, 61av Tx>43°C

Otrou yia Bppavon o€ Beppokpaacia Tx et XpOvo tf aTtToTiOETAl
Oepuikn evepyeia oTo BepualvouEVo 10TO I00OUVAN HE TNV EVEPYEI
TToU atroTifetal o€ Béppavon e1Ti xpovo EQ MIN Tx 43 o1n
Bepuokpacia Twv 43°C (Beppokpaaia avapopag).

AANEC XpNOIPEC TTAPAUETPOI BEpUOKPOTIag ival :

Tmin, Tmax: EAGXIOTN KAl HEYIOTN BEPUOKPOATIa TOU OYKOU

T90: Beppokpaacia Tavw ato TNV otroia karaypdagnkav 10 90% Twv
METPAOEWYV KATA TNV £pappoyn YO.




ATToBeon eveEpyeEIag, KONOOPIOHOG

* SAR (specific absorption rate) €10IKOC
pPUBUOC arToppoPnonc (arropPoPOULEVN
ioxuc o Watt ava Kgr uAikou):

* OTAV YVWPICOUPE TO NAEKTPIKO TTEDIO:
SAR=(1/2p)o |E|-.

* Ot1av yvwpilouue TNV ETTAYWMPEVN AVOOO
TNC BepuoKpaaiac otn WETABOAN TOU
xpovou: SAR=k.c.(A6/At), otTou
K=0.4184, c n €101kN BeppdTNTA UAIKOU.



SAR KATAVOUEC O€ OXEOIQOUO
OepaTreiac.

25% SAR
0% SAR



XApPaKTNPIOTIKA BEPATTEIOC

o [eVIKO OTTOOEKT OMOIOYEVEIO OTNV KAIVIKN
Tpacn KabopileTal :
 Tmin>42.5°C

* BaBoc dicicduoncg Tn¢ un lovidouoag
OEOUNC EVTOC TOU OYKou. To aBo¢
dleicduonc kaBopiletal atro 10 50% TNC
SAR.



YO uovo

 The use of hyperthermia alone has
resulted in complete overall
response rates of (Van Der Zee,
Ann Oncol 2002;13:1173-84).




MeTa-avaAuaon

« Ol O€ Mia TTOAU OnNUAVTIKN
UETA-aVAAUON ONUOCIEUCAV TA ATTOTEAEOUATA S
TUXQIOTTOINUEVWY JEAETWY TTOU agpopoucayv TO
ouvouaouo AKO-YO oe aocBeveic e UTTOTPOTTH
OTO TTPOO0OI0 BWPAKIKO TOIXWHA ATTO KOPKIVO
uaoTou. Ta TTooo0oTA TOTTIKOU EAEYXOU
UTTOAOYIOTNKAV O€



Overgaard et al. ESHO randomised
trial. Lancet 1995;345(8949):540-3

metastatic or recurrent lesions of malignant
melanoma were randomly assigned to receive
radiotherapy (three fractions of 8 Gy or 9 Gy in 8 days)
alone or followed by hyperthermia (43 °C for 60 min).

Cox regression analysis showed the most
Important prognostic variables to be hyperthermia
(odds ratio for 2-year local control ),
tumour size (0.91, p = 0.05), and radiation dose (1.17,p =
0.05). Addition of heat did not significantly increase
acute or late radiation reactions.



HEATING OF TISSUES WITH MICROWAVE RADIATION

Energy input: frequency

application technigue

tissue: anatomy and dielectric
properties*

Heat loss:

PERFUSION (ml/min/100g)* —)

thermal properties*

environmental temperature

* depending of temperature






Calculation of energy distribution

LCA simulation set-up SAR coverage



REGIONAL — DEEP HYPERTHERMIA
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Phased arrays: use of interference between beams




KAINIKEZ MEAETEX
OAZHZ I



Improvement of clinical outcome (various endpoints) when
hyperthermia is added to radiotherapy and/or
chemotherapy; significant differences in 19 published
randomized trials

100
80

10

no HT
+ HT

40

Int J Hyperthermia 2008;24:111-122



Clinical outcome (various endpoints) when hyperthermia is
added to radiotherapy and/or chemotherapy; no significant
differences in 8 published randomized trials BUT positive trend!

no HT
+HT

Ann Oncol 2002;13:1173-1184



Clinical application of hyperthermia

Usually once or twice weekly, in the period
of
(external) radiotherapy or chemotherapy

Duration of treatment 60 minutes (+ max
30
minutes for heating up)

Hospitalization not required (unless for
chemotherapy)

Few contraindications (pacemaker, hip
prosthesis or other metal in treatment

volume)



RESULTS OF
HYPERTHERMIA
ADDED TO
RADIOTHERAPY

(selection)



Vernon et al. IntJROBP 1996,;35:731-

ESHO 5-88 on breast cancer:

reirradiation (8x4Gy in 4 wks)
+ /- hyperthermia

CR rate
RT 39%

RT+HT 79% p=0.03

L e e a WAL
June 1990; at start of re-RT (8 x 4 Gy) + HT

LOCAL CONTROL DURATION:

= 1.00 -
[=]
-
[ B.Eﬂ =
(=]
e
rE_ 0.60 — | o H o Y
S 0.40 -
e
™ '_.,a.a
5 0.20 - a B
5
- < 0,00 - .
April 1983; 34 months post treatment 0 1 35'5 J 730 J 109k

T to failure (no CRH: day 1)






REIRRADIATION 8 x 4 Gy AND HYPERTHERMIA
LONG-TERM RESULTS

Subclinical disease (198 pts)
10-yrs locoregional tumour control
10-yrs overall survival

Irresectable disease (248 pts)
CR rate

5-yrs locoregional tumour contro/

5-yrs disease free survival
5-yrs overall survival
10-yrs overall survival

Linthorst et al. Radiotherapy and Oncology 2013, 2015



Cochrane review Combined use of hyperthermia and radiation
therapy for treating locally aadvanced cervical cancer

Local tumour control

B Figure 3 (Analysis 1.3) «

RT+HT HT Hazard Ratio Hazard Ratio
Study or Subgroup  Events Total Ewvents 0-E Variance Weight Exp[(O-E) V], Fixed, 95% ClI Exp[{O-E) / V], Fixed, 95%
Harima 2001 4 20 10 20 - 35 61.4% 0.35[0.25, 0.48]
van der Zee 2000 23 58 3 56 14 246% 0.81[0.48,1.37]
Yasanthan 2005 16 55 16 a5 8 140% .82[0.41,1.64]

Total (95% Cl) 133 131 100.0% 0.48 [0.37, 0.63]

Total events 43 59

Heterogeneity: Chi*= 9.86, df= 2 (P = 0.007); F=80% 0102 Y :
Test for overall effect: Z=5.49 (P =< 0.00001) 'F a.l'l,;:”_”.,a F:f+HT vl R

Disease free survival

2 Figure 4 (Analysis 1.4) &

RT+HT RT Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight I, Random, 95% Cl IV, Random, 95% ClI
Datta 1987 62.8% 0.67 [0.45, 0.97]
Harima 2001 15.1% 0.55[0.25,1.19]
Sharma 1991 221% 0.75[0.39,1.43]

Total (95% CI) 76 74 100.0% 0.66 [0.49, 0.90]
Total events 32 47

Heterogeneity: Tau®*= 0.00; Chi*=0.38, df=2 (P=0.83); F=0%

Test for overall effect: Z= 2.66 (P = 0.008) Favours RT +HT  Favolirs BT

D102 05 1 2 5 10

Lutgens et al. 2010



Cochrane review Combined use of hyperthermia and radiation
therapy for treating locally advanced cervical cancer

Overall survival at 2 and 3 yrs

1 Figure 5 (Analysis 1.5) &

Experimental Control Hazard Ratio Hazard Ratio
Study or Subgroup  Events  Total Events Total 0-E Variance Weight Exp[{0-E) V], Fixed, 95% CI Exp[{0-E) /W], Fixed, 95% CI
1.5.1 overall survival 2 yvears (death within 2 years)
Harirma 2001 4 20 4 20 -1.87 .25 T.2% 056 [0.19,1.67] —
van der Zee 2000 22 a8 33 A6  -H.B49 1375 304% 0.49[0.29, 0.84] —a—
Yasanthan 2005 4 a5 G A5 254 aTa 8.3% 197 [0.72, 542 ]
Subtotal (95% CI) 133 131 45.9% 0.65 [0.42, 1.00] L
Total events 35 43
Heterogeneity: Chif= 470, df= 2 (F = 0.06); F= 65%
Test for overall effect: Z=1.93 (P =0.05)

1.5.2 overall survival 3 yvears (death within 3 years)

Harirma 2001 G 20 10 20 0.60[0.22,1.59] E——
vah der Zee 2000 27 a8 a8 1] 0.52[0.32,0.859] —i—
Yasanthan 2005 11 a5 G A5 1.89 [0.73, 4.90] ]
Subtotal {(95% CI) 133 131 0.67 [0.45, 0.99] b -
Total events 44 a4
Heterageneity: Chi*=49.63, df= 2 (F=0.06) F=64%
Testfar overall effect: £=2.00(P=0.05)

Total (95% CI) 266 262 0.66 [0.49, 0.88] <
Total events 74 102

Heterogeneity, Chi*=11.35, df= 4 (P =0.04); F= 56% =I:| ] I:I=2 |:|=5
Test far overall effect: £=2.81 (P =0.00%9) .Favi:uurs H'I;+HT Favaurs BT
Testfar subgroup differences: Chi*=0.01, df=1{P =092, F=0%

Lutgens et al. 2010




Cochrane review Combined use of hyperthermia and radiation
therapy for treating locally advanced cervical cancer

TOXICITY p=ns

RT+HT RT Risk Ratio Risk Ratio
Study or Subgroup  Ewents Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.7.1 acute toxicity (< 3 months)
Harima 2001 1 20 20 148% 3.00[0.13,69.52)
Sharma 1991 23 23 416% 1.00[0.15, 6.51] -
van der Zee 2000 58 56 292% 0.32[0.03, 3.00]
Vasanthan 2005 55 55 14.4% 3.00[0.12, 72.08]
Subtotal (95% Cl) 156 154 100.0% 0.99 [0.30, 3.31]
Total events 5 5
Heterogeneity. Tau*=0.00; Chi*=1.92, df= 3 {(P=0.59); F=0%
Test for overall effect: Z=0.02 (P = 0.99)

1.7.2 late toxicity

Harima 2001 2 20 0 20 7.6% 5.00[0.26, 98.00)
van der Zee 2000 7 58 7 56 70.3% 0.97 [0.36, 2.58]
Vasanthan 2005 2 55 3 55 221% 0.67[0.12 384 i
Subtotal (95% Cl) 133 131 100.0% 1.01 [[0.44.' 2.30} ‘
Total events 11 10

Heterogeneity, Tau*=0.00; Chif=1.36,df= 2(P=0.51); F=0%
Test for overall effect: Z=0.02 (P = 0.98)

0102 05 5
Favours RT + HT Favours RT

Lutgens et al. 2010
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PALLIATION FOLLOWING RADIATION + HYPERTHERMIA
IN RECURRENT RECTAL CANCER (randomized study)

RT alone arm
Complete palliation in 25%

Median duration of palliation 7 months

RT+HT arm
Complete palliation in 45%

Median duration of palliation 17 months

Van der Zee and Gonzalez Gonzalez Lancet 2000:356:772



Hyperthermia in rectal cancer preoperatively

Berdow et al IntJHT 1990;6:881-890 Obninsk experience
You et al IntJHT 1993;9:19-24  Harbin, China experience

RESULTS (%’s)

(B) CR/PR

(Y) pCR 5 23

(B) radical surgery 27 55

(Y) local recurrence 23 15

(B) survival 1yr/3 yr/5yr 25/7/7 62/44/36
(Y) 5 yr survival 50 67

no difference in RT toxicity or postoperative complications




Cochrane Hyperthermia in Rectal cancer

Analysis 1.3. Comparison | RT versus RT and HT, Outcome 3 Complete response.
Review: Concomitant hyperthermia and radiation therapy for treating locally advanced rectal cancer
Comparison: | RT versus RT and HT

Outcome: 3 Complete response

Study or subgroup RT + HT RT Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-H,Fixed,95% Cl
Berdov 1990 9/56 1/59 — 5.1 % 948 1.24,7244 ]
Berdov 1996 |5/45 3/48 — 15.2 % 533 [ 1.65, 1720]
Trotter 1996 2/36 237 * 10.3 % 1.03[0.15, 691 ]
van der Zee 2000 15/72 11771 —il— 58.1 % 1.34 [ 0.66, 272 ]
You 1993 10744 2/38 = 1.3% 4321101, 1850]
Total (95% CI) 253 253 —_— 100.0 % 2.67 [ 1.63, 4.38 |
Total events: 51 (RT + HT), |9 (RT)
Heterogeneity: Chi? = 7.85, df = 4 (P = 0.10); I2 =49%
Test for overall effect: Z = 3.89 (P = 0.00010)

De Haas-Kock et al. 2009




HYPERTHERMIA IN ANAL CANCER

Kouloulias et al. Am J Clin Oncol 2005,;28:91-99

Local tumour control Disease free survival

P=0.0107, log-rank test P=0.09, log-rank test

Chemo-radiotherapy + Hyperthermia Chemo-radiotherapy + Hyperthermia

Chemo-radiotherapy alone Z0. Chemo-radiotherapy alone

After 5 yrs colostomy free survival 96% (+HT) and 68% (no HT)



University Clinic Erlangen: quadrimodal

treatment of bladder cancer

Stage: high risk T1 and T2

TUR
Radiation 50.4 Gy + boost of 5.4-9 Gy

Chemo 5FU and cisplatin in week 1 and 5

Hyperthermia once weekly, 6-7 treatments

Bladder preservation rate 96% (43/45) at 3
yrs



University Clinic Erlangen: guadrimodal

treatment of bladder cancer

Compared to previous results with post-
TUR radiotherapy + 5FU and cisplatin:




RESULTS OF
HYPERTHERMIA
ADDED TO
CHEMOTHERAPY

(selection)



Colombo et al. JUrol 1996,155:1227-1232, JCO 2003:21:42/0-42/6
TWO studies in BLADDER CANCER, high-risk non-muscle invasive

Intravesical installation of mitomycin C, randomised to with or
without hyperthermia

83 pts post-TUR

52 pts pre-TUR
- HT 22% pCR
+ HT 66% pCR

Group (humeric)
Chamotherapy+Synergo

+ Chamotherapy+Synergo

-censored

- ale

Cumulative Survival

Chemotherapy

+ Uhemotherapy

g —————e— -Censored

200 400 600 800 1.000

Time to Recurrence (days)

Test Statistics for Equality of Survival Distributions for GROUPNUM
Statistic df Significance

Log Rank 14.16 0002

Fig 1. Recurrence-free interval analysis (Kaplan-Meier curves). Time fo recur-
rence analysis, = 24 months’ follow-up, per protocol cohort. df, degrees of
freedom; GROUPNUM, group number.




STS: Disease Free Survival (Any Progression or Death)
100 N=341

Cox hazard ratio = 0.66
CI95 = 0.50-0.88, p = 0.004

B
-
12 24 36 48 60 72 84 96 108 120
Log-Rank: p=0.0034 months




» sedation:

. Dolantin DHB
Atosil Dormicum

« applicator:

| Sigma-40 on BSD-

2000-base



Survival in children and adolescents with 1st relapse malignant

germ cell tumors, with and without hyperthermia (n=32)

1st relapse / hyperthermia — . Istrelapse / control

. 0.93+0.06 (CR 15/16)

. 0.38%+0.12 (CR 6/16)



EAANVIKN EPTTEIPIO
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EtTipaveiakn BEpuavon oykwy (1).

* Avapeoa oto 1986 kai 2004, 332 avaTopIkeS TrEPIoxeG (318
aoBeveic) uttoANGnKav o€ aKTlvoespaTrala padi JE TOTTIKNA
uttepBeppia (433MHz) yia 1-wpa >42.5°C.

Y)\lKo

102 YETAOTATIKOUG AEPPADEVEG ETTIOEPMIKOU TUTTOU KEPAANG KAl
TpaxNAou

* 108 UTTOTPOTTEC ATTO HOOTEKTOMN O€ TTPO0BI0 BWPAKIKO ToiXwHa

* 67 UTTEPKAEIOIOUG Aeppadeveg atto Ca pyaoTo

o 21 Aep@adEVEG atTd vOooo Hodgkin's

* 10 TTEPITITWOEIC UTTOTPOTTNG OKAVOOKUTTAPIKOU KAPKiVOU DEPUATOC

e 33 TTEPITITWOEIC MEAQVWUATOG OEPPATOC

e O TTEPITITWOEIC AEPPADEVWY ATTO TTPWTOTTAON YUVAIKOAOYIKO KOPKIVO.

H avtatmokpion eKTIUNONKE 3 YNVES YETA TO TTEPAG TNG BeparTreiac.



EtTipaveiakn BEpuavon oykwy (2).

* [1ARpNng avratmrokpion Nrav 62.9% yia ovKoug KEPAANG-
TpaxnAou, 85.2% yia Tpoco6io BwpPakIko Tlewua 70.4%
yia UTTEPKAEIDIOUG Aeppadeveg, 90.5% yia vooo
Hodgkin's, 90% yia kapkivo deppatog, 80% yia
ueAavwpa kal 88.9% yia AEPPAdEVEG ATTO YUVAIKOAOYIKO
KOPKIVO.

* Kara TNV TOAUTTOPayoVTIKN avaAuon, N PeyioTn
OIAMETPOC OYKOU Kal N MEON TIUM TNG METPOUMPEVNG
Oeppokpaaciag kata Tn OIAPKEIQ TNG UTTEPBEPUING
ETTNPEQCAV OTATIOTIKA CNUAVTIKA TNV AVTOTTOKPION
(p=0.004 ka1 p=0.014, avrioToIxa).

e Grade 3 depparikn avridopaon katd RTOG/EORTC
TTAPOUCIACTNKE O€ 6.7-8% Twv acBevwyv. OAeC auTEC Ol
avTIOPAOCEIC BepaATTEUTNKAV TTANPWC JE CUVTNENTIKI
Oepartreia.



AITToCWHMIOK O0EOPOUUTTIKIVI) CUuVOUAOoHEVN ME YO Kal
ETTAVAKTIVOBOANON O€ UTTOTPOTTEG TTPOCBioU
BWPAKIKOU TOIXWHATOG ATTO KAPKIVO OO TOU

(Kouloulias et al. Clin Canc Res, 2002)

15 ao0eveig TTou gixav utToBANBEi o€ PICIKA UACTEKTOMN
kal akTIvo3oAnon (60 Gy) oTo TTpooBio Bwpakiko
TOIXWMA, TTAPAV UEPOC OTN MEAETN.

e To TTPWTOKOAAO CUVIOTATO O€ CUVOUAOUO
ANITTOOWIAKNG dogopouuTTiKivnG (60 mg/m2),
emmavakTivofsoAnang (30.6 Gy, 1.8 Gy /ouvaéplcx 5
LUEPEC TN €BOOPAdA) Kal TOTTIKNG utrepBepuiac (1hour,
>45°C).

*  OAol o1 aoBeveig TTapouciacav avTIKEIPEVKD
QVTaTIOKPIoN 0TNn Bepartreia, evw 3 aobeveig
TTapouaciacav TTAfPN avTaTttoKpIoH.

*  YTINPGE ONUAVTIKN) OUOXETION AVAPETT OTN OIAPKEI
TNG AVTATIOKPIONG KAl 0€ BEPUIKES TTAPAPETPOUG OTTWG
Avg Min T90>44 °C (rs = 0.917, P < 0.0001) kai
Mean[Tmin] (rs = 0.909, P < 0.000l).



YTTOTPOTIN META OTTO UACTEKTOMUN




|: AKTIVOBOANTAC

lI: ©@epuooToIxEio




MeTa TN BepaTtreia




AleyXEIpNTIKNA UTTEPOEPHIO PE TTOAU-CXNMATIKA
xnueloOepatreia (Trpo-O1e-ET- EYXEIPNTIKE), by-pass
XEIPOUPYIKN KOl METEYXEIPNTIKA OKTIVOOEPATTEIO VIO TNV
QVTIMETWITIOT OVEYXEIPNTOU KOPKIVOU TTAYKPEATOG

« 25 aobeveic (opada A) EAaBav TTPOEYXEIPNTIKN
akTivoBeparreia (5-FU), xeipoupyikn emeuaon by-pass
ue OleyxelpnTikn €yxuon (bolus) 5-FU kai yeteyxeipntikn
xnueloBepaTreia + sandostatin KOBWC Kal ECWTEPIKN
akTIvOBoAnon (45Gy, 25 fractions, 5 days a week).

e 2€& JNn TUXalotroINuEVo TpoTTo, 10 acBeveic (opada B)
eEAaBav kal dIEYXEIPNTIKN UTTEPBEPIa o€ Pia ouvedpia
(43-450C, 1hr) o€ eTa@r) JE TOV OYKO XPNOIMOTTOIWVTAG
akTivooAntn 433 MHz (evOoIOTIKI) JETPNON
Oepuokpaaciag).

* H mmoiotnTa (WNG EKTIUNONKE PE EPWTNUATOAOYIO TTOU
PTIAXTNKE €I0IKA YIO TO OKOTTO QUTO.



AIEYXEIPNTIKN UTTEPBEPUIT
TTOYKPEATOC: ATTOTEAECHOATA

e Aev ava@peEPONKE ECEAICOOPEVN VOOOC OTOUG
aoBeveic TNC ouyadacg B, oe avriBeon pe 11%
(3/27) TnC ouadac A

 H ouvoAIkn emBiwon Twv acBevwy TG OuAdAC

A NTav OTATIOTIKA ONUAVTIKA uwnAoTEPN
(P=0.029, log-rank test).

* 2UVAUQ, TTAPaTNENBNKE GNUAVTIKA BEATIWON TWV
aoBevwy TNC opadac B evavTl TnS A ava@opika
ue 1o beikTn Karnofsky (P<0.001, Mann-
Whitney test), KAiuaka TTOVOU (P<O 001, Mann-
Whitney) kai Tro16TnTa W (P=0.031, Mann-

Whitney).










EVOOKOIAOTIKN UTTEPBEPUI

TTPWKTOU

43 aoBeveic ye T2-T3NOMO kapKivo TTPWKTOU,
eAaPav xnuelobepartreia pe 5-FU kal Mitomycin-
C ouvouacopevn ue akTivoBepartreia (41.4 Gy, 1.8
Gy Kata ouvedpia, he emTTpooBeTn doon 14 Gy:
2 Gy KaTa ouveodpia).

19 aoBeveic armmo Toug 43 EAafav Kal
£VOOKOIAOTIKI UTTEPBEPUIQ.

‘Evag oImmoAIKog akTivo3oAnTng otoug 433 MHz

EI0€PXOTAV OTNV TIPWKTIKA KOIAOTNTA JE OKOTIO
TNV UTTEPBEPUIa TNG TTPWKTIKAGC padag (>43 °C
via 1 wpa).

H T0CIKOTNTO TNC UTTEPBEPUIOC NTAV ATTIA.



EvOoKOIAOTIKN YO TTPpWKTOU.
ATTOTEAEOUATO

e MeTta amro 5-xpovwyv TTapakoAoubnaon, oTnv opada TNG
uttepBeppuiac 18/19 aobeveic (94.7%) atrEQuyav TNV
KOAOOTOWIa, EVW O0TNV AAAN opdada 16/24 (66.7%)
dlaTAPNOAV TNV TTPWKTIKN AEITOUPYIQ.

e To dladoTnua EAEUBEPOU UTTOTPOTING NTAV CNUAVTIKA
uwnAoTepo oTnv opada utrepBeppiag (P=0.023, log-rank
test), evw kKapia dilapopa aTn CUVOAIKN €TTIRIWOoN O&V
TTAPATNPENONKE PMETAEU TWV dUO ONAdWV.

* H epapuoyn 1nG evOOKOIAOTIKNG UTTEPOEPUIAC OTOV
TTPWKTIKO KOPKIVO 0€ OUVOUAOHNO PE TNV XNMUEIO-
QKTIVOBepaTTEia €ival ao@AANG Kal ATTOTEAECUATIKN
MEBODOC TOTTIKOU EAEYXOU TNG VOOOU EVW ATTOPEUYETAI N
KOAOOTOIQ.

Am J. Clin. Oncol. 2004. (Kouloulias et al.)



Figure 1. Study design for the multimodality treatment schedule. HT
stands for hyperthermia administered only in arm A.
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Table 2. Acute toxicity per randomization arm according to WHO toxicity scale.
MTS stands for Mean Toxicity Score. Radiotherapy interruption due to acute

toxicity (in days) per randomization arm is also presented. @ Chi2 test, b: Mann-
Whitney test, ¢: Fisher’s exact test.

ArmA Arm B P
Location WHO toxicity grade
0 1 2 3 0 1 2 3
Skin 12/19 6/19 1/19 — 15/24 8/24 1/24 — 0.98?
Grade 0 versus 1&2, P=1.0¢ Grade 0&1 versus 2, P=1.0¢
MTS=0.42+0.61 MTS=0.42+0.58 0.99b
Bladder 14/19 519 — — 17/24 7/24 — — 0.84a
Grade 0 versus 1&2, P=1.0¢ Grade 0&1 versus 2, P=1.0¢
MTS=0.26+0.45 MTS=0.29+0.46 0.84b
Lower 4/19 9/19 6/19 — 13/24 9/24 2/24 — 0.0442
LG Grade 0 versus 1&2, P=0.11¢ Grade 0&1 versus 2, P=0.034¢
MTS=1.11+0.74 MTS=0.54+0.66 0.014b
Radiotherapy interruption due to acute toxicity in days.
Overall 3.44+2.1 2.01+2.3 0.047b
(means)




Table 3. Patients presenting local failure, local recurrence

and sphincter preservation stratified by stage.

Arm A Arm B P
Yes No Yes No
Local failure 0/19 19/19 1/24 23/24
Local recurrence 1/19 18/19 7124 16/24  0.044
Sphincter preservation
Stage T2 0/19 11/19 6/24 7124 0.016
Stage T3 1/19 7119 2124 9/24 1.0
Overall 1/19 18/19 8/24 16/24 0.045




Application of Intracavitary
Hyperthermia for Anal




OepaTtreia UTTEPOEPMIAC

Hyperthermic temperature range.
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Figure 3. Kaplan-Meier curve showing the local recurrence free survival
(LRFS) time stratified per randomization arm for a 5-years follow-up.
Significant difference in terms of log-rank test was noted between the two

arms.
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XnueloBepatreia + YrepOepuia

o H mreplekTIKOTNTA TWV XMO papuaKWY aucaveTal
OTIC TTEPIOXEC TOU OYKOU TTOU £XOUV UEIWMEVN
AlgaTWON.

* [ToANG @pappOKa aucavouyv TNV OPACTIKOTATA
TOUG JE TN Bepuokpaaia.

* OI MO0 oNUAVTIKOI UNXAVIOMOI Eival:

1. Aug¢nuEvn eVOOKUTTAPIO TTEPIEKTIKOTATA AOYW
£TTAUENONG TNG OIATTEQATOTNTAG TNG KUTTAPIKNG
MEpBPAVNG.

2. ETraucnon tn¢ BAaBnc tou DNA

3. YYnAn CUyKevIpwaon TOU @APUAKOU AOYw
£TTAUENONG TNG QIYATIKNG PONG.



O@eppo-¥nueIoBepaTTEia

« 'Exel NON Oc1xBei yia
Kal OTI O OUVOUQCUOC

UTTEPBEPMIAC Kal XNUEIOBEPATTEIAC UTTOPEI VA PEIWOEI TNV
AVTOXN TWV KUTTAPWYV OTO (PAPUAKO.

* AAMNAETTIOPAON YIa OAEG TG KUTTAPIKEG OEIPEC O€
Oepartreiag Tavw atro 40°C yia

Kal , M€ OEIKTEC

£TAUENONG ECAPTWHEVOI ATTO TN BEPUOKPATia Kal TOV
XPOVO £KBeONC.

* H opaon autwy Twv @apuaKwWV PTTOPEi va augnBei atro
1.2 ewg 10, evw 1010iTEPA PEYAAOG OEIKTNG TNG TAGNG TOU
23 napaTnpnenKs o€ In vitro epapuoyn melphalan o€
AVOEKTIKA OTO PAPUOKO KUTTOPA OTOUG 4



EvdokolAoTikn YTrepBOepuia Pivogapuyya




EvdokoiAoTikn YTTepBepuia Pivogapuyya
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YTrepBepuia atnv EAAGOQ
(atré 1986!)

o MExpl onuePa N TOTTIKI UTTEPBEPUIA EXEI
EKTEAEOTEI O€
UE VOOO.

* TOTTIKEC UTTOTPOTTEG, AEPNPADEVIKEC MACEC,
LEAQVWHATA, EVOOKOIAOTIKOI OYKOI, K.A.TT.

« Hammersmith (London), Nice (France),
Milano (ltaly),...



Chemotherapy versus chemotherapy + hyperthermia for
prophylaxis of recurrence of superficial transitional cel
carcinoma of the bladder. Colombo et al. J. Clin Oncol. 2003

« Ta-T1 after complete transurethral
resection were randomized to: MMC
(N=41) versus MMC + 915 MHz H
(N=42).

* Log rank (P<0.001) for relapse free
survival for 24 months of follow-up

* Acceptable local toxicity
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Epappoyeac dloupnBpiknec YO
+ QEPPOOTOIXEIO (TTOAUKAVOAO)
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E@apuoyn diloupnBpiknc YO
UPOOOYXOU KUOT




E@apuoyn diloupnBpiknc YO
OUPOOOXOU KUOTNC




Egappoyn
YO oupodoxou —
KUOTNG -




EVTOTTIOTIKN




XPOVIKEC KOTAVOUEC BepuoKpaaiac




XPOVIKEC KATAVOUEC BEpUOKPOTiag

43°C







2UUTTEQPACUATA ATTO TNV TTOAUXpPOVN
EMTTEIPIO EQQOPHOYNG YTTEPOEPUIOC

Aoc@aANG Kal JE CORBAPEC AVTATTOKPICEIG.

ATTOTEAECHATIK ME TO CUVOUAOUO KAl
AKTIVvoOepaTtreiag kal XnUelofepaTreiag.

KaAUTtepn BEppavon AOYyw KaAUTEPNG
oleiocduTIKOTNTOG (433MHZ £vavTti 915MHZ)
MPWTOTTOPIAKESG EPAPMOYEC EIDIKA VIO
BEppavon pE EVOOKOIAOTIKOUG EQOPMOYEIG.



ESHO 2006. Re-irradiation, melanoma, NHL of
the skin, kaposi Sa, soft tissue sarcoma.

Intraperitoneal chemotherapy + hyperthermia for
ovarian cancer. (Jaaback et al. 2006) FDA

Neoadjuvant or adjuvant chemotherapy for
oesofageal carcinoma (Malthaner et al. 2004).

Irradiation after local recurrence from
mastectomy for front chest wall. (Vernon et al.
1996)



Evidence based (Cochrane)

= ESHO 2006. Re-Irradiation, melanoma, NHL of the
skin, kaposi Sa, soft tissue sarcoma.

* Intraperitoneal chemotherapy + hyperthermia for
ovarian cancer. (Jaaback et al. 2006) FDA

* Neoadjuvant or adjuvant chemotherapy for
oesofageal carcinoma (Malthaner et al. 2004).

= [rradiation after local recurrence from
mastectomy for front chest wall. (Vernon et al.
1996)

» Radiotherapy + Hyperthermia for inoperaple
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cancer ¥ gybstantial selection biases exist in all of these studies
and are likely to confound the study results. " Nevertheless, the
Panel recognizes the need for randomized clinical trials that will address
the nisks and benefits of local therapy for patients with stage IV disease
while eliminating selection biases. Patient enrollment in such trials is
encouraged.

Distant Sites of Recurrence Reguiring Consideration of Therapies Local
to the Metastatic Site

Surgery, radiation, or regional chemotherapy (eg, intrathecal
methotrexate) may be indicated as needed for localized clinical
scenarios such as brain metastases, leptomeningeal disease, choroid
metastases, pleural effusion, pericardial effusion, biliary obstruction,
ureteral obstruction, impending pathologic fracture, cord compression,
localized painful bone, or sofi-tissue disease.

The guidelines include consideration of the addition of hyperthermia to
iradiation for localized recumences/metastasis (category 3). There have
been several prospective randomized frials comparing radiation to
radiation plus hyperthermia in the treatment of localky
advancedirecurment cancers, primarily breast cancer chest wall
recurrences. ¥ While there is heterogeneity among the study results,
a series with strict quality assurance demonsirated a statistically
significant increase in local tumor response and greater duration of local
control with the addition of hyperthermia to radiation compared to
radiation alone.*? No differences in OS have been demonstrated.
Delivery of local hyperthermia is technically demanding and requires
specialized expertise and equipment (eg, the monitoring of
temperatures and management of possible tissue bums). The Panel
thus recommends that the use of hyperthermia be limited to treatment
centers with appropriate training, experise, and equipment. The

Wersion 220132, A e

addition of hyperthermia generated substantial discussion and
controversy among the Panel and is a category 3 recommendation.

Monitoring Metastatic Disease

Maonitoring the treatment of metastatic breast cancer involves a wide
array of assessments and the need for the clinician to integrate several
different forms of information, o make a determination of the
effectivenaess of treatment and the acceptability of toxicity. The
information includes those from direct obsenvations of the patient
including patient reported symptoms, performance status, change in
weight, and physical examination; [aboratory tests such as alkaline
phosphatase, liver function, blood counts, and calcium; radiographic
imaging; funciicnal imaging; and, where appropriate, tumor biomarkers.
The resulis of these evaluations generally are classified as response,
continued response to treatment, stable disease, uncertainty regarding
disease status, or progression of disease. The clinician typically must
assess and balance multiple different forms of information to make a
determination regarding whether disease is being confrolled and the
toxicity of treatment is acceptable. Sometimes, this information may he
contradictony .

The Panel recommends using widely accepted criteria for reporting
response, stability, and progression of disease such as the RECIST
critiera”™ and the WHO criteria.*™ The NCCN Panel also recommends
using the same method of assessment over time. For example, an
abnormality initially found on diagnostic CT scan of the chest should be
monitored with repeat diagnostic CT scans of the chest.

The optimal frequency of testing is uncertain, and is primarily based on
the monitoring sirategies utilized in breast cancer cinical trials. The
page fitled Principles of Momiforing Metastatic Disease provides a table
outlining general recommendations for the frequency and type of

e (Carcer Metaork, Inc. 2013, &2 rights ressnsec. The HCCH Guidslinec® and thic IBuctrabion may not B mpercduced In any Sorm withowt the sxprecs wrkben pesmicclon of MCCH & MS-53




Conclusions

Hyperthermia is tumour selective and has
limited toxicity.

Almost all published comparative trials show a
anﬁ%n_t_beneﬂ(’jc fromhaﬁlqdltng hyper_’%hermla
o daVaren BY EMSb0r HeEaot a2

are large.

Therefore hyperthermia should be
available in cancer institutes.



Nanoparticles and
hyperthermia ?




multifunctional magnetic nanoparticle

Inner core
of
Fe304 or Fe203

Quter coating
with biocompatible material
(polysaccharide, synthetic
polymer, lipid or protein)

Possible ligands on the outer surface

» Tumour specific monoclonal antibody

* Radionuclide payload
(for diagnosis and therapy)

* Chemotherapeutic agent

* small interfering RNA (siRNA)

* micro RNA (miRNA)




Mechanism of hyperthermia induced by magnetic nanoparticles

el N\ Aﬁ
G\ /)

"y

G

« ¥

[

)
|
» |
5

2
C
(

r,

3\
4

 fe

.\0
LGN

A7

Coa e [

)

.

s‘

w4 g

GO

il

\

-8y

Ir

.

)

o
\

Y
P

)
a

Alternating magneticfield

Endothelial cells n Normal cells @ Tumour cells

Release heat
as
particles relax

(Brownian-
Neel
Relaxation)

| Tumour shrinkage with heat release

¥ Nanoparticles (metallic)




The multifaceted action of clinical hyperthermia at 39-45 C and its effects as (a) a potent
radiosensitizer; (b) independent, additive and synergistic action with chemotherapeutic agents; (c)
a tumour immunomodulator with potential as an in situ tumour vaccinator and (d) its future
prospects when mediated using magnetic nanoparticles.
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Interaction with
Chemotherapeutic Agents

Independent:
5-Fluorouracil, Methotrexate, Actinomycin
D, Cytarabine, Taxanes,

Additive:
Doxorubicin, Cyclophosphomide,
Ifosphomaide, Gemcitabine

Synergistic:
Cisplatin, Carboplatin, Mitomycin C,
Bleomycin
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HSP: Heat shock proteins; NK: Natural killer; DC: Dendritic cells;
Ag: Antigens; CAM: Cell adhesive molecule; LN: Lymph nodes

Nanoparticle based
Hyperthermia

Enhanced permeability &retention effect

Closer proximity to tumour vasculature
resultsin higherglobal parenchymal
tumourtemperature

Heating “ inside out” resultsin higher
intratumoral temperature and reduced
damage to normal tissue

Sensitizes cancer stem cells
Theranostics

Could be designed to deliver targeted
chemotherapeuticagents and radioactive
tracers




The “magic (nano)bullet”: A conceptual multifunctional MNPs having a stealth covering with
appropriate payloads of (a) radioisotopes for radiotheranostics (both tumour imaging and
radiotherapy), (b) chemotherapeutic and immunotherapeutic agents and (c) siRNA and miRNA
for therapeutic gene silencing. The specificity of these nanoparticles could be enhanced using
tumour specific monoclonal antibodies on the outer surface of the MNPs

gene silencing therapy

The magnetic nanoparticle (MNPs) \ MNPs under alternating l Themochemoradiotherapy along with

“Nanobullet” with payloads Q magnetic field
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Modes of NPdelivery Modes of NPactivation

Direct intratumoral m;ectuon
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Magnetic Nanoparticle-Based Hyperthermia for Head & Neck Cancer
In Mouse Models . Czao et al. Theranostics 2012; 2(1):113- 121.

*|n this study, magnetic iron oxide nanoparticle induced hyperthermia is
applied for treatment of head and neck cancer using a mouse xenogratft
model of human head and neck cancer (Tu212 cell line).

*A hyperthermia system for heating iron oxide nanoparticles was

developed by using alternating magnetic fields. Both theoretical simulation
and experimental studies were performed to verify the thermotherapy
effect.

=Experimental results showed that the temperature of the tumor center has

dramatically elevated from around the room temperature to about 40°C
within the first 5-10 minutes.



Pathological studies demonstrate epithelial
tumor cell destruction associated with the
hyperthermia treatment.




= A unique attribute of nanoparticle-mediated HT is the potential
for confinement of HT conformally to the tumor via active
targeting of the nanoparticle to the tumor as a means of
enhancing the tumor-to-normal-tissue ratio of nanoparticle
accumulation.

= This Is typically achieved by decoration of nanoparticles with
peptides and antibodies that allow tumor-specific homing and
accumulation.

* The benefit of active targeting extends beyond an increase in
tumor accumulation to a change in the distribution of the
nanoparticle within the tumor at the level of the cell and/or
tissue, I.e. cellular internalization or confinement to specific cells
of the tumor microenvironment such as fibroblasts, endothelial
cells and immune cells



Int J Hyperthermia

= Formulation that has made inroads into clinical practice is the use of
iIron oxide nanoparticles directly injected into tumors under image-
guidance prior to exposure to an AMF source.

= While its therapeutic efficacy is being validated in larger randomized
trials, similar approaches with other nanoparticles warrant being
evaluated in coming years. Different techniques of nanoparticle-
mediated HT will have different clinical scenarios where they will find
optimal utility and these will need to be defined as clinical translational
efforts are advanced.

= Concelivably, with successful demonstration of clinical efficacy of
nanoparticle-mediated HT combined with standard-of-care cancer
therapies, this technology may provide a boost to on-going efforts to
iIntegrate HT into the workflow in routine clinical practice.



ESHO suggestion for new clinical trials.
Photodynamic therapy with nanoparticles
with chemotherapy agents, RT and heating

Auger phenomenon




H utrepOepuia OTTOTEAEI CHUEPO TNV KOAUTEPN KOI TTIO
TEKMNPIWHEVN MEOODO AKTIVOEUAIOONTOTTOINONG.
J. Overgaard. Ed. Chief R&O




