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— Clinical application of hyperthermia in management of cancers —
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Table 1. Responses of superficial tumors to hypermia alone

: . No. of No. of Partial
—r Hyperthermia Prescribed
Institution Ref. YD : treatm- evaluable CR(%) response
method(MHz)  Temp.x time ents patients ) Fo
University of Arizona  Manning MW?(915, 2450) 42.5—44"x  2-22 11 2 3
RF capactive 40 min
(0.5-3.3)
University of California Luk MW(915, 2450) 42.5°x60min 5-12 11 2 2
Duke University U MW(915, 2450) 42-44°x 29 6 0 3
40—50 min
Kyoto University Abe RF capacitive  41-46°x 4-9 6 0 1
(18.56) 30—60 min
M.D. Anderson Corry  US(1-3) 43-50°x 6-12 28 5(18) 11(39)
60 min
Memorial Hospital Kim and RF inductive 41-43.5°x 2.9 19 4(21) 6(32)
Hahn (27.12) 30-40 min
Stanford University Marmor US(1-3) 43-45° x 6 44 5(11) 14(32)
30 min
Washington University Perez ~ MW(913) 41-43°x NS 6 1 2
60—90 min
Tdtal 131 19(15) 42(32)

MW, microwave; RF, radio frequency; US, ultrasound; NS, not specified.



Table 2. Responses of superficial lesions to irraeiation and irradiation plus hyperthermia

No. of Same %of %of
- Instituti Ref evaluable patient o iteri 700 diti irradiation
nstitution €1, patients Compa- esponse criterion :’]ra 1tion plus hype‘
(trials) risons one rthermia
Duke University U 7 7 CR within 1 mo 14 86
Memorial Hospital  Kim 86 59 CR during follow-up 33 80
M.D. Anderson Corry 18(21) 13 CR for 2 mo 0 62
IMRS (Rome)
I Arcangeli 26 26 CR at completion 42 73
or soon after
II 17 17 35 64.78%
101 16 16 37.5 67.77°
v 15 15 33 87
Roswell Park Scott 31 31 CR at 6 mo 39 87
Stanford University Marmor and 15 15 CR versus PR€ or >6- 7 47
Hahn wk difference in
time to regrowth
Total 231(234) 196
aI-Iyperthermm once per week (64%) or twice per week (78%).
Hyperthermla immediately after irradiation (77%) or delayed 4 hr (67%)
PR, partial response.
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Fig. 1. Schematic of a postulated mechanism of
preferential tumor heating due to vas-

cular pattern differences.
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a ) Hyperthermic Perfusion
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&}e] extremity 2] melanoma & AFH oz )
28l & 232z gz|EV bR @
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LA BE HYF 1967 1 o]lFe IA T4
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b) Radiofrequency(RF ) Heating
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lectrode & sted vl @A A 722 #8732 he- Fig. 2. Capacitive applicator arrangemet show-
ating A7) =] #F&3heh(Fig.2), Inductive h- ing idealized parallel plate capactitor
eating 2 F3¥ L 7414 + U3 53] bo- : geometry .

ne v} fat ¥t} muscled o & mBE 413
4 9tk Inductive coil 2 mlEelx|& mag-
netic fieldol & Fig., 3.4 o4 st=i2 (a)
pancake coil (b)coaxial pairs of coil (c) c-
oncentric coil o] gle} X systemic heating
7o large volume 2| heating & 7}53}c)

Leveen (1976) Marmor ( 1977) Dickson
(1977) 5& o]8gt RF S o] &3t local h-
eating ol AFSH T HA A4 Aol d T
ol A1 # %2 capacitive type & RF heating
sb4jo)] THERMOTRON o] 19854 92ef 43
FHE e} 8R4 150009 spst Ldx 2w
sieh

Fig. 3. Three arrangements of current loops
and the corresponding directions of
magnetic field lines. Eddy currents are

also shown.
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dzAe| ol o ke ol £Hel Aol o

] interface reflectiono] Yo+ HolF -3 Tumor

QA olcl oA oAl e 45 2450 MHz (mi-

crowave }& 0|83} melanoma 3t=z}8] tumor

regression & A¥ g v} 1, Luk(1981) = Fig. 4. Schematic of focusing ‘of energy from
915, 2450 MHz & o] &, &dayalteg &5 the transducer into the tumor
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Table 3. Clinical Suitability of Heating Methods

Heating Application

Radiofrequency Microwave Ultrasound

Fat ’ Good Poor Poor
Muscle

Superficial (2 cm) Good Good Good

Deep (2-5 cm) Poor (Good if interstitial) Poor Good
Bone Good Poor Fair
Air cavity Fair Poor Poor

Table 4. Relative Adantage of WBH Methods

Method of Heating Pt. Accessibility Skin Response Cardiac Rate
Hot water Poor Fair Marked increase
Hot wax Poor Fair Marked increase
Thermal blankets (space suits) Fair Fair Marked increase
Infrared irradiation Good Fair Marked increase
Moist hot air Good Good Marked increase
Electromagnetic Good Good Moderate increase
Extracorporreal heated blood Good Good Moderate increase

d) Ultrasound Heating
Ultrasound heating & pressure wave&-&
o] &3l g + e
(Fig. 4). v]@4 heating pattern?] ZHo]
7}55t3, superficial small tumor o] -§-&
A 4% + ok a8y large volumes
L o] Frow 44 heat I ¥ = bone
shielding 3} fiiv} BBell 4]¢] air pocket o] &
W3l A 532 Yk Marmor(1978)—¢~—U-
Itrasound & 2}&3l4 50m7‘ olel ¢l+=tumor
£ heating st=dl 4F3PSE 2asgich
Table 3& 94 A% o7 local h-
yperthermia modalities & Eg/xg H& &
oz sted 7 e A& wlmsted 23k
o, oldtll & 779 heating Fgkg YLET
71A & el 49 Byl 7=l FEH S
G g Aoz AR

acoustic energy &

© Whole Body Hyperthermia (WBH)
Aoy HAAHANY T4 2F gyl

vla] AFA] AAE A2 Xsiga A=
E WBHo| s Qulyog 'olEq 3£
Hol gle Aleleh A J4doz A5 &
o2 7t=x] v}y E¢ Phasel studies 7} AP F
oI g ohd gy ARel FusiA Y
dad ez AR Jv T PHTAE

hot air  hot water hot wax, infrared h-

=

)
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eating thermally controlled Bl &= “space
suits” o] gl

Pettigrew(1974 )2 RAlvlf sl 4 Tz
paraffin waxel| #=x}5 ¥ heatingdh= s-
ystem-E s\, #=l2] core temperatures
s} 41.8C2 ulmA <tAshAl 15 A 7R £
T 4 A=k, HAA&AE 45 advanced di-
sease 2 3}gl 7] of Foll AHH AL BAS
Z "t response o] W AFL oY ckx STk
a8y g Ba8o 2= tachycardia, arry-
thmia pressure necrosis §o] it

Larkin(1979) 5% 42C32 total body hy-
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perthermia Tb-g A g H 9} o 7)o 3Hitg
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objective response rate 8} Y "oz 159
9] subjective response 7t Sigiciw shgdch
Heating & modified water blanket & 4} 83}
A3 Al sl A 2 A7 o] 4 AlWEkg o
mortality &} morbidity 2= o] procedure &
ol# Abutgt 5% 3 skin 9] blistering, car-
diac arrthmia, pulmonary edema,
o2} complication o] T 7] o Foi ojzigt

HEE €07 HsAe AlFE patient se-
lectiono] Weslctw ZZsdch

Fabrius(1978) 52 'Simens # &4 % ca-
binet & A}-g3ld v @A FH=E g A==z
moderate hyperthermia treatment( 40 ) =
Asstgeh o HAE
diotherapy & adjuvant 2 }-8s}A] =d )9
78 moderate temperature 25 Falzq &
e Q¢ Aoz 47sgch Tufts-New En-
gland Medical Center o} 4 RF heating &
ol-§% WBH unit § /i sl HAmmAES »
zayoz A§slan gled olEE 543 xql
= cabinet o] 4 moderate hyperthermia £ 4]
P A3 v|2A FAeA comfortdti ca-
diac stress + #n]3le] general anesthesia
£ 9¥ F Adgdskn shed, o] Hikol HE o8
WBHZ & vls] 5§35 F5€ wndesR 2o

Table 4 = &2 A-&%5d gl+= WBH tech-
nique ¥ patient accessability, skinz} ca-
rdiac tolerance Holl Al H&3t AL ¥oqFT 9
o @A YapHel BE& heating & %
ZAEY 4 i &z accessibity 7}  Fon
morbidity 7} H-& wg] g 24sed glvla B
o 2w Phase | trial & F A KHE9 o)
Aell FAES o obd Zoluh
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herpes 5,

& chemotherapy 9} ra-

(7}) Effects of Heat alone
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g BEwte g E cell killing effect 7} 9
e AR olA Ale] oA} gtk Dewey
(1977)5 & chinese hamster cell oA W E
94 X&) 7k ulE 4] survival fractions
€ A8 dF lew (Fig, 5), olale]  cell

survwal < Bgtmel 3 MREFdmI f
ALg BEE Jeb T Qv F o] £FfEe
243 Srld B2E BEC BELSS My
BIERo] T o] Apdlol vt 43 o3t XX
A 0.5C9 o]t A EAZ gt FFL
sl Xz gledl 4heled, 43CojAld 2 HE
7b vlmA @St Holoh = @RI Ml
£ A¥PL d = cell survival curve 7} sh-
oulder & 2+ exponential curveo]l®m Y&
B A o] BESM heatingol & fppiigel D,
7} Slulal 2= A B ( thermal tolerance)
E 2+ 532 2453 U o9 2L BE
of %2 MMR4F B XE-LS L1210 Leu-
kemia cell, pig ki.dney cell,! tHeLa cell 5,
&2 cell lines A E 2L fERYe] Be o
FrhEe o8 oln @ wl Uk

Mammalian cell ¢4 thermal! damage?]
BRST ( threshold) & A odF3 upebzto] 40-
29 BE@ES Jdv AXY 2o F42-
43T (moderate hyperthermia)“g—?-]d]k]% b
e £Fo] dA3F iH 43 Co)4to] sldd
e Jeb = plateaui 3}017\11'/}-, Expon-
cential killing & @7t 1C7 S s vk
MRS 2 ol4 Frigdch 22lu45C
(high temperature hyperthermia) o] 4]
& EEMMV EEd =F474d Hgseld
AAET#Egel protein denaturation o] Yo =
Aoz <& Ut

Heat irradiation 8] kinetics & 32 %+ Ar-
rhenius plot ( temperature o] w& thermal
sensitivity 2}8] A ) & y o 43 Coll4 B4
¥ break 7} 9l@ o]2{gt break 7} EA & A

(=)

+ cell killinge] st target ;) 43p =

A Fsle MR} AY =& FA— target etE in-
activation energy ol ££7l g Aoz |4
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Fig. 5. Survival curves for mammalian cells in
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culture (Chinese hamster ovary cells)

heated at different temperatures for

varying lengths of time.
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Fig. 6. An Arrhenius plot for heat-inactivation
of mammalian cells in cluture, The
reciprocal of the Dy values are plotted
versus the reciprocal of the absolute

temperature.

5]z glok (Fig, 6). Heat ol 2]% ifne] 5IE
BEHE critical protein ¢ denaturation wj

Tole oldl Eyyel =l w¥x 2+ chromo-

somal protein, repair enzyme K membrane c-
omponent 5°] AR YT sh5Ao] Y=
Moz E

@® cell membrane integrity ] damage

® RNA synthesis ¢] depression

® spindle protein ¢} thermal damage 3.9
o]z}H 02 ¢+ abnormal mitotic spindle f-
ormation §o] AAHn g}

Westra & Dewey (1971 )= Chinese hams-
ter cellol 4 cell cycleo] W& BamELo
KEE dTFstgledl, stAdel oigk A o] s}
% 2 S-phase o M7} Bol v W)z by
&7 heat killing effect & yrhile] #Hsti
3 BEEEC] A4E @A LS A s
=t (Fig. 7). webd olzi gt At4del A3l
T modality of gf&fke] B¢ BHaw TR
HA44 =glm, slowly turn over st 4z
Aol late effect & Vebd 55 A Al c-
ycling tumor cell o] 9% hyperthermiaoj
AR H ol killing 7§ BolA Iols RE 55

T+ A sds
1.0

y G/ §
) 600 rads
0.ifF X-rays >’ Y -

! \

15 minutes
hyperthermio

0.011 of 45.5°

0.001 « ~ s

0 2 4 6 8 10 12
. HOURS AFTER PLATING MITOTIC CELLS
Fig. 7. Comparison of the age response func-

tion, ie., the pattern of sensitivity

through the cell cycle, for cells exposed

to heat or X-rays.
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EE tumor 7} A4ty £¥ v} hyperthermia
oA AAHe 2 of B heat killingg f=
¢ 4+ A", #AZAINE tumor cell o] A4
zxol w8 BFRHILE o KRBT B YES B2
Qe B 4y SAT obd WAtk =t
BB Bgolu 4£BK EH Tl A4
zugE $94 34 Beb o selective §
hyperthermic killing o] 4ol vt Ao ¢
Ayt & EHY slEse »d, gEay
o] @& necrosis, hypoxic regione] i
pH7t 4= g3 = 448 AFEE p-
rimitive neovasculature2 F4 sl¢] Slo]
Ee] 7k + 97 sl Foll ol EREol
Bgrsle] Foka} A b4 kol heat killing
sensitivity 8 o] & vERRE Ao o]
F8=312 Jd= R 2} Fig., 8 & nutrient
deficient, lower pHell 3+ 4] £7}heat ki-
lling o] o gmslche A& 4dxoe 349
Bz =k
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1 0—1 s

102} g

T

SURVIVAL
L ]
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@ .
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Fig. 8. Effect of extracellular pH during
different heating intervals on single-
cell survival of Chinese hamster ovary

cells.
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Fig. 9. Development of thermotolerance in

‘ HeLa ®, cells, survival to single heat
exposures; O, response of cells treated
at 44° for 1 hr, returned to $7° for 2
hr, and given second graded doses of
44° for graded times.

ApA gl el F Algd o #E mAE
MifE Bol Hg EHKE JFebiAl sled o
8 HeEL ddo] #HifH4 (thermal toleran--
ce)ol FASY ta &} (Fig. 9). o]z g &
HL SEBHE T2 3l HoieweiRds o
& MM Rolxul B A o FEHo]
71 &4 A"t FAHoR J4sHR gt
o] &} Z-L BEMHS ¥A+ hyperthermiag
A Aol @Atz & & Aokl @Riole sk
o A8l £ 5 gt

¢ AHFPRe] 42CHFY x4 2-3
A7t &A% &% mBste =5 & fittEe] A
Z o JARE 45CAFY ®BHRAAE miBish
£ 25 £ ol & kol HASS ¢x he-
ating period & #8 A7} 712 Ad¥ F it}
= Boly sy, dZ2e aAxAd4 AeF
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Fig. 10. Influence of pH on the development
of thermal resistance in Chinese hamster
ovary cells exposed to fractionated
44° heat treatment. Cells were heated
and maintained at pH 7.4 or 6.7 during
and between heat treatments. An initial
20 min heat treatment was followed
by second treatments of 40 or 20 min
for cells heated and maintained at pH
7.4 or 6.7, respectively.

o] 9} & #Mite] induction 3} decayel L
qg5le HoJE 2712 FHF7F v oA i
B EEME7 ZRE 49l FoT 18
Apgre]l & 4 glvh F A £ heating EFo)
1l heating $zt9) pHE 74 4}7|d thermot-
olerance 8] F4 % 3 Eo] Sk Mol
(Fig., 10). 22y in vivooldl o]z w2
pPH 2§ £EBEBHo 2 §x471717F 87 o
2o ot} thermotolerance 71 W4 5w 7h45]

717t ¥ en B 5 Yok 2y o ooz

o pHeY 47t thermotolerance &) decay o
WS PR T Bhv ofA 4dgo] Hx
okm glel s, thermotolerance & decay
£ non-cycling cell 22} cycling cell o4 o
wa] dejudcte & E 4 v (Fig. 11)
10 r
0
_ Plateau Phase Cells
é 1.0}
]
Proliferating Cells
0.1F
4 L Iy 1 A
0 24 48 72 96 120
HOURS BETWEEN DOSES

Fig. 11. Ratio of heat treatment times required
to reduce cell survival in preheated
versus control cells is plotted as a func-
tion of time between treatments for pro-
liferating and plateau-phase cells.

o] 2o pHs} @3 = rapidly cycling cell

o] B FdolAe Folzl RitfRe] & the-

rmotolerance 7} AAtA Tl A wch F4 of =

Al doldel vbFol YA EEMEAA A
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o] of wol AR GT BEY EHEEBE
RF heating fko] §8% w] Fofol] #o] Tt
5]7] A overlying normal tissue & heat da-
mage & A4 £ ArtE FBLe s ojgg 4
Ae Aolrk Y ol2l§t non-cycling cell
o 4 thermotolerance 7} ¥roi:= AL i & sl
Hol A w1 heat o] 7 late damage7}°f‘g
of o Bgx EEch: o2 AW +E gk
shie] el € 7= 7 A Fo o g o
T ReE Aow 4=

(44) Hyperthermia combined with Radiation

Hyperthermia o} fitigol $r&EEL S m-
E R d AT = 3+ syner-
gistic cell killing effect 7} tj atEy 2
TAE Fx om KR EHio] & S-pha-
se 9| Hifgell 4 {B#pmpol|4Al preferential k-
illing effect & Jeblichs BE GramEY
Hiamgy Aol =lzgel
2]} heat & ionizing radiation & HHEE
Ae vF B3ste] obA 7R = g T oA
So] ulalde A2 o} gt Heat = #%
548l 2] & single strand break ¢ chromo-
some aberration2] BEIFEE Wil Aoz
a Ak wel4] o]# & molecular dama-
ge & x3gtets Z 3 radiation o
93] wasl SLD 9} PLDY repair 7} o] 1t
2] oAl & #olch (Table 5). Heat s} re-
pair 2}2} A = hyperthermia & radiation
o lEFpel wet A E65Y 3 F X -
ray Aol #E shald H& X4 249 2 1
ZA 7] BES 37CR A Lol =
SLD repair 7} delvbx] fow, = Xigms
ol X#Es o] hyperthermia & =817
E vlAslz) 2 SLD repair & 4381 &  ukA|
ek 2 ol gRE oA T

odalities

repair &}z|

#yol7] wl Fol —&k X - ray o} #A 3] I oy
BEES 37CE fA47 od& BXR Xge =

Algtm olel = SLD repair 7} doj A =}
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T3t heat = SLD repair #o}lJzl radiation
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Potential Hazards of Hyperthermia
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Table 5. Heat and repair

Sequence Result

A.A—10 min at 37°—x—t 37°~x  No SLD repair

B. x—A—x No SLD repair
C. x—A-178°—x Repair SLD
D. A—x PLD repair
E. x-A No PLD Repair

A heat x irradiation
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Hyperthermia and Immunocompetence
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