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(Hyperthermia Treatment)
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2] 834t (Local regional hyperthermia)
A& 2] 835F=(Whole body hyperthermia)
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2 Radiofrequency= ©]-&3t 7| 4| o]t} Horson
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Hyperthermia (HT) as an adjuvant to radiation and chemotherapy: Starting
in the late 1970s, a major focus of many members of our Society was on

achieving focal, cytotoxic temperatures of 42-45 °C within tumors, a strategy

“HIALA 1l 315 Q o pr s 72
O}\]—‘j = 9’]'9"‘”‘3"] E“""Zﬂik] = which can sensitize tumors to radiation and/or chemotherapy. Remarkable
Qddzla IE SREIA=] progress in engineering and physics over the past 20 years has led to the
= ]’“‘L- 1970 1__]1 Ll ‘-—TE1’ ESHO implementation of clinical trials that are revealing the true potential of this
Sksloluko 5 o_]: O ZXOoF A _ARY strategy. Over the past decade, positive clinical data has emerged from trials
—194"] W QJT‘E - oo LHOﬂ -] 42 45C utilizing HT in the treatment of recurrent chest wall breast cancer, melanoma,
o }\-] ;‘1__}.‘-_}\-] ocE A= 7-]01 = Ao esophageal cancer, locally advanced head and neck cancer, locally advanced
"] ] TReEER 2O ]-L' 2 ] =SS cervix cancer and gliomas. Today, in some countries such as The Netherlands
1:711—7;] JL-_-_ -ﬂ’ o] 7}'-1_8_ Hc‘]f}‘]'}d Eli]\/_g:__‘:_: §J.‘{5_]]— and Germany, HT is par? of standard cancer care. Two recent plvortalr trials have
demonstrated, for the first time that combination of HT with radiation therapy
_g_t]]j o %Oo]:% 1?_]_7‘:}"6‘]-71] E’_]_—-‘é— e 2}‘{:: improves treatment efficacy, improving tumor response and duration of local
tumor control. In combination with novel non-invasive thermometry methods
715'1_1"';11:0] A 2087 —3(;’—-'5‘_1]-31]- %E]'éj—g] using MR imaging, these new trials are driving a renewed research effort
B B B designed to optimize the use of HT for cancer treatments, which will facilitate
L 25 gbst 9hH 2 o] AEko] 2 A sH new thermal therapy applications over the next decade.
o =
FAEe =8y e AN
Ao ojojAh AW 10\t Ay T F L (aIB sTMstE)
- & . ] L _ 5 <& EX https://www . thermaltherapy.org/ebusSFTM/SOCIETYINFO
B UL FUF AR FA WYY e
TAne Za Y A AR, 1%
A 5ol LELAXNEE EE7 AN L/ HlolEl 7t Uit
oY, UETES U0 22 A7 7oA 22 FAEE FF A AR dFoIt 229 F 714
=z = &l.o = = 5] = BoLEe & o
F3H A¥e ReedA R YA A8 Wol A8 B3te TAA £ T F4 5% 24
o = o s = o = =1 2 =
717tE M AS A2 SATh MR ou|H & AREshe MEL HIXSA 2% 4 W2
=1 = = = =1 = - o = =L A =
ARt o2t M2 AP FF 109 5d M2 dA 8 &= 7T + e o A&
= o 5 =]= o = =] ” ==
T2 2AAEY AHEL HHSFES AT AL AT =2 25k T YU 2k 02 STMSEI=
2ot USLICH
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Hyperthermia

“ el L= > [e) Description of hyperthermia
TEeolM = AA Y T s i ‘
In oncology, the of a higher ata Ived region of the body is called hyperthermia. There is a
2_ = E”_}\g ] ] T 7- o - 2__(2_0:] -] = 1_1]_ - variety of temperature ranges going from 39 - 40 “C up to such high 1 Empcralures as 80 - 90 °C, and accordingly a number
T E =2 =2 A 7 — AE L-TT1T = - 1~ of techniques 0 induce those terr under well
o]_]q. 39 40 Cq] }\.] 80 90 C 9]. 7F0 1 Q. Temperzture is & highly conserved and important parameter in all living systems. In mammalians, particularly in fumans, 2
narrow range of 37.0 - 37.5 °C is attempted to be maintained by regulation. In this range, the complicated cellular and
siological processes are working most efficiently. Under stress conditions, e.g. infectious diseases, fever is a reacticn of
7] ThoFsh £ W7} glom, ojo] ma} | mese e :
the organism to better handle with the external attacks.

7(1- 111015] ZzA 0’” }\1 o]g__]-@-]_ —Q-E'—“ o E—a— _IL:-_ During the past along the milleniums, physicians have tried to utiize artificial temperature clevations for the

treatment of various kinds of diseases, e.g. by induction of fever. Also for tumor diseases, in anecdotal cases a beneficial

effect was found. Because of the complexity of interactions, the attempts were often too unspecific to be really successful
o9 7lese l°“:} 2ee BE S AL - ’ i '

Since research in molecular hiology is continuously growing, we recagnize that a large number of intracellular processes
q] }\1 DH =20 ;] s O] -q_ exist with a specific temperature-dependent behaviour There have been found various interactions in the laboratary which
o ‘— have a lzrge potential to he helpful in cancer treatment.

:ll'-‘rr‘rr, = —6—] ?_].Z_ "] 3 __r_, 37,,,37. 5°C 9] %—1—0‘— Among these mechanisms there is evidence of

=y = = ¢ Enhzancement of anti-tumor effects of various drugs (also cytostatics) and radiation (typically in the range 40 - 43 *C)
HOAE Ao 93l SRt A =3F
o Induction of immunological processes (39 - 41 °C, fever range)
- o Induction of gene expressicn and prntem synthesis (40 - 42 °C)
O] t}j -Ad” }\‘] = .Ei'—;é‘ 6;]_’ }\] )\ga O]‘X‘] 31]-16] o Influencing the tumor mi 1tin a way that makes the tumor better accessible for some therapies
- Of course, there is always a cytotoxic effect of heat by itself, typically at higher temperatures (above 43 °C). This effectis
= O =]
o] 7}t .S_EZ-'} o= 7-(-1]'% ofal E}E]- mainly exploited in thermoablative interventicns.
= However, the mest beneficial contribution of hypcnhermla for ancological treatments will be based on enhancing the
AEHA ZA): ZFFGA] AZHoA HF e
E;l — 71:]_ 01 T oo &2} ()] A =2 2 effectiveness of other treatment it  radiochemectherapy, gene therapy, immurne therapy
- ete). The use of hyperthermia as a dese response madifying agent s in particular increasing the therapeutic ratio, i.e.
31 vd el ° .
J—?— "b" _ﬁ_l ()” I:'] ZE}- Tq1 ZJ O]’7 -?4 ?_]_' ‘|Qr 7] Zﬂ _Cl] enhanced effectiveness without additional toxicity.

A 24 | Z0F oA=L ol oult ko =1 o] (F& ESHOSE()

ok T Trew <l ]-E_ E_l = ‘ITE_-L]- = https: //www esho.info/esho—and—hyperthermia/hyperthermia/
R R AHe Asst] A% A3

HQl 2 45S o §ok 1 WHBA o2 s Urk T FF AH AL, st AoIM T
B3P AARAE HB AE B wol, LA FF UR TAHoI gold] AAE 43T >

b o
R}ATE. T2, BAEES] AESAR] A A Wzl —?—El% W2 o A= U o] AT 2=
J&dte FF e 7L v A EReH, & A J =] 2 7teAol  ude deAEol
A AN A= I

ol MAUZE Foll theat 2 7471 ek

- TR OFZ W AR (UHHA 0 2 40~43C M) ) G R A

- OIS T o) R (39~41C, WA M)

- QAR T T B R (40~42°C)

- AR X 2olH FYol B A7 H2E 4 UEF she YA 0= FF A B7o] JFE vl

22 MO U B2 LE(UITOIN B MZEH Ak FA ZASHL, SFE X Kol
U3 e AN 8 7PE ROUT Vlol ThE A FA (PAA AR, 315 X8, WA B3 AR,
A A2 9 CREER -

[p2fA], R E(ESHO) 2t O|=(STM)L] S2J0)1Af MA[PF 122 ZA| 2 (Hyperthermia)=

39¢ 0/} 40~43C AlO|9| REZ XIEE UL U I FS XE R LIEFLIY 2T
ZEOI], D22YN|ZA| ALIOF 2 2 B0 CHZH HEHEDI I (39T O} 40~430)2
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WEHT 1, 8, 25, 2, J2|T SHAL 3M=20] U

5tx2o| oo Heo| nX o getx|g2s “TIFINradio—frequency)’ 2 &S X| 25}
ofgLICH IR I2HAX| 2 (RF—Hyperthermia)= “TFIHRF)” AHHZ A4S X|=35

\\Browse, search,

Z10] otL|2t, DFTtof| L X|(RF—energy)2t &2 (Watt)2 018510 Al ZUQ| 2= and exﬂorfiournals
. . " a5 o L using Master
39°C 0|4, 40-43C7HX| 22N, “S(Thermal)’ 2 71X &2 X|Z2ot= AYULICH RIS

a EH A—I _I_ _'_ I-Q [eZNe] ] xl E Ol 7 |-§>|' O oI- INTERNATIONAL JOURNAL OF RADIATION ONCOLOGY BIOLOGY PHYSICS Glick haea.

Web of Science Master
6_|HAI2 QE E “Oﬂ(ThermaD olLc}. T'__x'"E, Journal List
dBMurHE XX AXME, AR SUQ

T

Hyperthermia
SE% 395 0 | A 40—43577 |-X| = El = 7‘| 0 | Deep locoregional HT was prescribed once weekly to a total of
five times during the 5 weeks of external beam RT.
= . Of 90 minutes’ treatment time, a maximum of 30 minutes was
J_'-|x|6| O-I Eé[_l-h Zd:_l_l- §|~Af9_| 'I"l SHA] giol 39 C used for warming up 1o inraumor femperatures greater than
oo — o 0o 42°C. Tn the next 60 minutes, intrapelvic temperatures were kept
G . as high and homogeneous as patient tolerance permitted. Patients
0 |A}' 40_43 C 7] |-X| %_"—é' _J'\_ 9’1 = T ]_LI-QOE:i were carefully instructed to mention any uncomfortable feclings
OSs = that could be suggestive of hot spots during treatment. If symptoms
s ocourred, treatment settings such as phase, amplitude, frequency,
OFX|2AH|7} 2ULHoll= 72| UCHs ZAQIL|Ct i
For thermometry in Rotterdam, Bowman probes were placed in
the bladder, rectum, and vagina. Thermal mapping was performed
L M A -Q-E ol - _,_|:| o] 1A every 5 minutes with a step size of 1 cm and a maximum map length
M- = ——= of 14 cm. Pulse rate and blood pressure were measured automati-
e . ally before and every 5 minutes during treatment, and oral temper-
OIX| B XH|ISL FMMUMSEAAE E5 p
= ° ature was measured at 0, 15, 30, 60, and 90 minutes, Tn the two other
=T T“oo\o=EEa/E S centers, multisensor thermocouple probes were read out during the
#F pulse of the heating system.
AlE Zoro| 22 2aiCk= H|0|ETt 9IS powera . om
Patients were recruited by 11 RT institutes in The Netherlands.
L oo Sl = M= Radiotherapy was given in the recruiting institute, and for their
o = weekly HT treatment, patients were referred to one of three institutes
HH Al X‘” OlA }'(2|'I I‘)E % ° AEI _'?_ -fDE%FQ| SE with HT facilities. In the Daniel den Hoed Cancer Center, the BSD-
2000 system was used (BSD Medical Corp., Salt Lake City, UT). In
the other conters, custom-built systerns were sed: a four- waveguide
= 390 Ol)\}- 40 430 77l_xl QE:IA‘I 1L " . e i 3
= —, applicator system was used in the Academic Medical Center Am-
= C o C = === stexdam, and a Coaxial TEM applicator was used in University Med-
o = - ical Center Utrecht. For the three systens, the energy distribution in
E SiCt=s 2|2 1)\ Xk b - i
N E— ol — X SClE 2 =0 a human pelvic-size phantom is the same (15)
= M-I Ooi— 1 H/— =X pelvie-size p $ 2

o . o= Ol ZX Long—Term improvement in treatment outcome after radiotherapy and Hyperthermia
= SCEg === E-rr0|'-—’l— MEL—| I:|'. in locoregionally advanced cervix cancer: An update of the dutch deep hyperthermia trial

HEXM3 2. M|X[Y(Fat)S Sute + ALIL?
22 EXi= 212i0] A0 s Y WAHLISD Y 1
TR S| H2YULICH WA, TFINRF)7H 22| QIH0| S0

| 2 Zoigol & 4 UsLich

201 MX|Lot =20 TFI2EAX|EA t IZAEs2) S84
Power : 500W Bladder Location Cervix location é!_'?_ %%FO“ XJ%EI _ LLI‘ |L-|X| OFEEr
S BSD-2000 Bt BSD-2000 Bl MRS =200 BSE 20 oL X[ 7
Pass w 228 161 0.83 033 HOtN Z=, MR BUQ| 2=E 39T 0|4,
PSARne [T/ 86.65 46.11 24.59 10.34 40—-43°CHX| SN x|=25k= Ol SHAI7}
PSARn (RIS 2427 w 2368 w QUELICH (IS =2 &7 THyperthermia for
SA” ; i 3380 ’ 28 s Deep Seated Tumours — Possibilities of
in fat BSD-2000 BA} BSD-2000 BA} _ _ - .
Y i [ w0z | aomses | 25 | e | Heating with Capacitive Devices;2019.)
Wike 7.79 36.67 7.70 37.07 0|2 YUESt= ==0iA et H|DATA

* BA} (Capacitive %4) © Ti5{X|uto] SAR Z{chztol @ L EFO] blsh 23 4 =%, = CH2 J20f ZESL|CH J2oA 2H
XEZEED BOis 578) S4S. Ol D0 Eis S35t LS Yoy|oz &3 XS
Zo[x| oot WatKI L A 9IENe Adisl S Eln, 22 Ae z92 12 SARZIO| BAIS| AR A0 HISH O B

2ex|3te Hol HHIABS S HEAIIA 2 =T
Qo Iyt XMX[Hof 22 U= AHE

I'

® BSD-2000 (Radiative f4]) : L|GHX|H SAR Z|cHZt ChH| A5 EFZ HE0] 0HS SOt 242 0.5
b, 1.1 ghofl ZIX| ot AE B Lol O =2 oLiX] &S 5i8sH ol & oel- _J'\_ 9’\ |__||:|. foru xlﬁ*ljf |_H|_H gk)g_g%m“
Available power is
- up to 1500W in Radiative systems; Metr|= a£at oFEI:l-— x-”Xll:C';O-” E‘:S
- 500W in Capacitive systems =m0k = =
{32! 1) Zx| "Hyperthermia for Deep Seated Tumours — Possibillies of Heating with Capacitive Devices; ——"—‘I‘U'I'o | El 7'” L—l I:l'
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HEX3 3. AP S X|RA|, Capacitive STidtAlo| SHA|M

EEQ HAS0| DFOR2EUX A, A8 SUH nFOtE ML o, SHYA(capacitive heating

system)Q| ZH|E AtEst= ZAR7F USLICH St 7HK| O R M2 SHUAIR HIEE Esl 13yt MEw|7|

20| M2 U0 2=E 22|7| 6 E22 =Y 42 MR (Fa)el =7t &&5H Lot fLkstH,

ohNZOl FZEls TRTI0 blsH MXIW BARR) B Yol nEIp} AFED| 2Lt 23
c Rols BRI BAIS
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P oo r E n e rg y F oc u S Multi-slice: Electromagnetic Power Loss Density
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SARin FAT

SAR below FAT

SAR, Capacitive 20cm Electrode Pair @ 13.65MHz using a COMSOL numerical
model of a 28cm diameter phantom 74cm long & water bolus couplingand a
1cm fat layer. Dielectrics from Gabriel for muscle and fat.
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HWEH|T 5. 39°C 01, 40-43°C2| 27} ZQ38IX| §UCtIL?

YAHZVE) 2, Z7|0l= 222E AR = HEEUQ 25 39°C 01, 40-43TIIX| S2M X|=Z8iCh)E
SHsICHL 2120l "REs SR6HK| QA" "2EE 39T 0l 22X Rz S&0| XE sat7t Tt
(HAH &) 2tn 6t JELICHL 88, 25 390y S2|X| Rt shM X2 S1t7t glctn
2olg 4 gix|gh MSHRI(0[ZSTM & ESHOS!3|) 122HAX =] 7idolM 2otH 24 BY
F2(0il 39°C Old, 40-43C7HX| S2[X| ZotHL 25 &RIg + Q= YHl= 1228 YR =EH(=
UFE 4 Qloh 2t Hefet 71ES MAlsiL ASLICHL(TE 3. 7to|=212l, I3 4. QA F1) fjLtsH,

22EUXZE YAMRE E= A=Kzt HAAl, X2 202 SUE flsiME BEA 5L

5 39T 0|4, 40-43°C/7HX| 2240f 517 | IZ LIC.

Guideline for the clinical
application, documentation and
analysis of clinical studies for
regional deep hyperthermia

Quality management in regional
deep hyperthermia

o e
exc/ustE’V on its thermal @ ; dours. For‘t\'\\s Teason

byp erthermia treatmerjts must be conducted using hyperth&rm\a

devices that are techmca{ly capablle oflcontrolled heating of o
specific target volume defined by imaging (CT, MRT) while Sparing
ormal tissue at the same time. Technically this can only be
achieved by radiating and focusing electromagnetic waves on the
target volume. Recording the temperature directly in the target
volume or surrounding tissue is pivotal to treatment quality.
Hyperthermia systems that are not able to achieve a temperature

Udies Telieg

fise in the target volume up to between 40 and 43 °C, or devices

fhat do not intend to measure temperatures, cannot be regarded
aYS\\hypenhErmia devices in terms of this recommendation- e
an?:\\%u;\lde\'mes describes the “regional deep hypsrtherrr.!fa' (RHT)
c‘t\‘\\d:“ ‘\:S‘Controlled partial body hyperthermia (PBH) ’:ybined
» dolescents and adult patients performed s 2 @

eay )
et using chemotherapy and/or radiation therap

and 43 °C, or devices that do not intend
to measure temperatures, cannot be re-
garded as hyperthermia devices in terms
of this recommendation.

(a& 3)

WER|3 6. RF-HRO| EX

‘IRINRF)7H 22 ORI 2t= HE2 £ 3|Ate] 17 7|&0] ObdLCh.

2= H
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(a8 5) 128 "Hyperthermia adds to chemotherapy 5 Rolf D;. 2008, Issels*

During deep regional hyperthermia intratumoural temperatures between 40 ° C and 44 ° C are achieved. Heat at thermal doses below the breakpoint
temperature (i.e. 43 ° C/60 min) does not exert direct cytotoxicity (sub-lethal temper- ature). The antitumoural effect of heat is the consequence of sensitisa-
tion to chemotherapy and radiation. Architectural and vascular changes at these thermal doses lead to an increased blood flow, enhanced drug delivery
and drug extravasation (chemosensitisation) and higher oxygenation of the tissue (radiosensitisation). At molecular level the mechanisms of thermosen-
sitisation are based on protein denaturation and aggregation that lead to inhibition of the DNA repair machinery and proteins involved in cell cycle regu-
lation. Sub-lethal temperatures induce overexpression of inducible heat shock proteins, ie. HSP70 and turn tumour cells transiently thermoresistant. Ther-
mal doses above the breakpoint temperature exert direct cytotoxicity and tumour cells die exponentially by induction of apoptosis and necrosis. Heat-in-

duced tumour death isimmunogenic by release of HSPs and HSP-PC in the extracellular milieu (by courtesy of V. Milani).
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Gemcitabine and cisplatin
combined with regional
hyperthermia as second-line
treatment in patients with
gemcitabine-refractory
advanced pancreatic cancer
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Gemcitabine and cisplatin combined with regional
hyperthermia as second-line treatment in patients
with gemcitabine-refractory advanced pancreatic
cancer

Kah lnaEllsabﬂhTschoe e h rer, Vs 1«\ Mu 4 r ks erger. Nelli
istop!

ZHoHAPC) SEXH0|| CHSt 2XF BEEX|=

XI2(BSD—-2000)2t &t 8- SR, 1AIZHY Higfo

M|
AF 2 ANESO LASUICE XNZEIHY, =4, 2%t 2E T
)

|ZHTTP2

Treatment schedule

T HEE

ql oIMEI20| EM |50

Day 1 Day2 Day 3 Day 4
emtab Cispla s Gisplatn
1000mgim? ey 25w’
—_ HT —_ HT
[oydet [oyde2 [cydes [cyces | [oycles | cyces [ oyde7 | oyoles |
I t t t b T T T
d1 d15 d2g d43 d57=1 d1s dz29 d43
L 2 months T 2 months J
CT scan: CT scan CT scan:
PD = G-failure End of treatment

Figure 1. Treatment schedule.
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UNIVERSITY of MARYLAND
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" SCHOOL OF MEDICINE

HYPERTHERMIA THERAPY
PRACTICE SCHOOL

Presented by Department of Radiation Oncology
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