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Influence of Local Hyperthermia Combined with Radiation on Tumor
Growth and Lung Metastases of Transplantable Lewis
Lung Carcinoma Growing in Hind Legs

Yukio Ohizumi, Hiroshi Maezawa and Tomoyuki Mori
Department of Radiation Oncology, Tokai University School of Medicine

Research Code No. : 407.3
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The influence of combinaiton of local hyperthermia and radiation on tumor growth and
metastases was studied using Lewis lung carcinoma. Tumors growing intramuscularly in the right
hind legs of C57BL/6 mice were irradiated at 10 Gy of radiation dose and immersed in a water bath.
Time and number of development of metastases were determined according to size and number of lung
colonies at 19 days after tumor implantation.

Local hyperthermia at 42.8, 43.3 or 43.5°C for 30 min immediately after or before irradiation
enhanced the growth delay of tumor with irradiation or with hyperthermia alone. Development of
metastases several days after heating was also inhibited by the combination of heating and irradiation.
These effects were diminished with hyperthermia applied 3 hr or more after irradiation. Promotion of
metastases around the time of heating by severe hyperthermia with above 43.3°C alone was not
inhibited by combination with radiation, regardless of their sequence. Radiation had no effect on the
number of metastases developed by the heating. However, irradiation 48 hr or more before severe
heating reduced the number of metastases developed by the heating.
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Fig. 1 Tumor growth following irradiation,
hyperthermia and combination of them. Hyperth-
ermia was applied immediately after irradiation.
Each point represents the mean volume of the
primary tumors in 7 mice. (Experiment 1)

Fig. 11X, 37.0°C307{RELEXR, 43.5C30
SRHBNEER, ROBHEHT.0CH S X
43.5COBBAHALIBED, EXHREORER
WErT, CoER (FR1) &, EFoBEL
SRETRRIC T 5 ¥ COERBEI MBOEREL D
WIHEELTWA, Zhik, BEED4-ENRK
bl otcicb EEbhA, L, HEH
BIIfhoo L L ELWERRED R, Fig. 1 CE
ENBEB X »500mmAiciET 5 F CORRBRE
Az as &, 43.5CIREBEMBEIL37.0C OXR
FeR0.2B L E1TH -, L2L, 10Gy D
BHBEHCBSCoORRAYINL D &L, BHE
3T0COBEL D EHI2.0BOREEIEL T2 b,
WEOHBICL2HROMMAHZ DA (p<
0.05).

42.8°CH B\ 243.3C T b RO R R % 72
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BaTofkt EoREMBEY RS, 3RELED
BENE BHELOBRBNBERICA S hic KR
Wl s R I b, BHEHIT.0COH

(72)

il 8 & B SR OF AR EE DREHE AL & & iiais e Rz 3

Table 1 Growth delay by hyperthermia and/or

radiation.
Growth delay (days)
Treatment
Exp 1 2 3 4

37.0C = — = =
43.0 0.1
43.3 0.0
43.5 0.2
10Gy 37.0C 2.8 3.0

42.8 4.9+

43.3 6.2* 6.7

43.5 4.8

* 110Gy +37.0°C vs. 10Gy +hyperthermia, p<<0.01.
** 110Gy +37.0°C vs. 10Gy +hyperthermia, p<0.05.

F— Control
N b
E | A
E / a”. "{:’/c'
// -
@ - i } - o’
S L /"
s | /
E I #
" mrr ot
2| _ a Hyperthermia
0 F . 1{;] Gy
e L 5 5 1 . 5 . 1.
R 10 15

Days after tumor cell injection

Fig. 2 Tumor growth following irradiation and
hyperthermia applied with various intervals.
Hyperthermia at 42.8°C for 30 min was applied
immediatedly (O), 3hr (A), 8hr (V), 24hr (&),
48hr ([), or 96hr (X) after irradiation. (@)=
37°C for 30min immediately after irradiation.
Each point represents the mean volume of the
primary tumor in 5~7mice. (Experiment 2)

FLBE—BLL tREXT 5L, BHER

42.8°Cln Bk & 3 RFfEEROIREVLE & T p<0.2, 24

BEUBEORENE Tp<0.056TELX B DI
(Table 2).

43.3CT%, HEMBLELTEF—2 & LTHR
LTuwicwds, RIFEETH -7 (Table 2), -
0, 43.1CKRBTH U ETY, BHEHE 3BRFHEL
BRI REAE % T hiE, BHESORIMLE IS
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Table 2 Growth delay by hyperthermia applied
with various intervals after 10 Gy of irradiation.
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Tahble 3 Metastatic number develped by hyper-
thermia and/or radiation.

Growth delay (days)

T Hyperthermia applied t hours after irradiation
t=0 3 8 24 48 96

42.8 4.9 3.6« 2.8 3.00 2.3 3.7
43.3 7.0 5.3 6.3** 5.2* 4.9* 5.1+

* I p<0.2, between hyperthermia immediately (0)
after irradiation and hyperthermia with various
intervals after irradiation.

- p<0.05, same as above.

*%

10—

N o 37°C W min
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Fig. 3 Development of metastases by hyperther-
mia combined with or without irradiation.
Hyperthermia was applied immediately after
irradiation. The days of development of metas-
tases were estimated according to the size of the
colonies at autopsy'*'. Each point represents the
mean number of metastases in Tmice. (Experi-
ment 1)

LRI~ OEBIEFRILE koTLE 5
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2) EBRRE~DHE

a) BHTEHEORBNE

Fig. 313, fEx MBI T 5 s R4 thig
BT, 43.5C3040REMAEIM T, 37.0COR
B, BRARMECEBREI HEML -

SERITE 4 F25H

(73)

Metastatic number=+:SD develped by heating
(Ratio of metastatic number*)

Treatment
Exp1 2 3 4
37.0C 1.40+£2.15 2.29+1.50 3.00+2.24 14.3£12.7
(1.m 1.0 (1.0) (Lo
43.0 10.3+8.03
0.72)
43.3 5.40:£1.14
(1.80)*
43.5 4.10+6.26
(2.93)*
100Gy 37.0C 0.33+0.82 3.14%4.41 )
0.24)% (1.37)
42.8 1.67+2.47
0.73)
43.3 5.71£5.28 5.00:£4.60
(2.49 (1.67)
43.5 4.50+4.14

(3.2

* ! Ratio= (metastatic number by heating)/(metas-
tatic number at 37°C)

*1137.0°C vs. 43.3C, p<0.1.

1 37.0C vs. 43.5°C, p<0.05.

137.0C vs. 10Gy+37.0C, p>0.2.

110Gy +37.0°C vs. 10Gy +hyperthermia, p<0.01,

*2

4

(p<0.05), BAHEHST.0C T, NERFHETD
BEBEREFMH IR THB X8Rt bh, E6H
DENKEL, FEHEFHL p>0.2THEERKL
ot (Table 3). LaL, BEHEICR - TILE
Lol zirie, — %, BAE%43.5CDIRE
PIT - B A w3, MEHMEOES T, REAK
i L R ICEE S h (p<0.05), BHOEEL
Zbhishotz, UL, AEX ) EBE#II,
B X EBBEOME LA b (BHE 4

B HCIERBE L p<0.001).

Fig. 413, BHE##43.3C £42.8CickiF 58
BREVEBE LD THD, BEEHEL.ZCTT
1%, Fig. 3 ™43.5C LA U X 5 iR Z0EE B 445t
CTEBREEMLD D (p<0.1), MEHEK A C®
il s hiz, —75, BHEH42.8C T, QIEAR
TOBEBRES 2, MBEOED L BRHEH
37.0C X b dME X hic (p<0.05), #LT, B
HEEH43.3°C L42.8CofT, £HREZBLTp
0. 05818 TN RD b i, BHEHST.0CT
DIE B R OB, 37TCHBE & p<0.6TH
o,
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Fig. 4 Development of metastases by hyperther-
mia immediately after 10Gy of irradiation. The
days of development of metastases were esti-
mated according to the size of the colonies at
autopsy'. Each point represents the mean num-
ber of metastases in 5~7mice. (Experiment 2)

Table 3 i3, & « MBI I1T 5, MEBRA T
THREIShEEBREKL 75 7 0 bRAKARE
BTOEBRELIT.OCENBELTHTELT
»5, BAEMFORMNERICKST 2EERE
1%, 43.0CoOBE IR o7ch, 43.3Ck
X043 5C CEBEEL A BN, ZofFRIT,
43.1CRKiE TRREB ORE Lo\ 235, 43.1CLHE
TR RAERICEB R EOREL Z L LLFT
DFFETE S—F LI,

BAARBATE37.0C 0BE, ABHEMETO
EBCAR—HRbocd, AEER Lol
(Table 3), ¥7:, R UEBETORERE T,
10Gy BAt B MO EB{EEXED bR T\ i
U,

BAHRBHERORBNEDOBHE, 43.1CKiH
TIXAEREOEBREDORE LT -1, 43.1T
Bl BT BRI DB AL, RS &
FRCH b, BEHROEEII -1,

b) 1R EE £ 5
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Fig. 5 Tumor growth and development of metas-
tases by hyperthermia immediately after or
before irradiation. The days of development of
metastases were estimated according to the size
of the colonies at autopsy'”. Each point repre-
sents the mean volume of the primary tumor and
the mean number of metastases in 6~ 7mice.
(Experiment 1)

Fig. 53, 43.5CIRELEERE D 5 L ERTR
HEFD, RREOBRERVEBOEEY T, B
SHE BRI B4 T OEL IR BRALE o R i RS o0 B 5
BUEBOFEEE oo,

c) MBAHELERHTIR EL

Fig. 61, RHHMEGERAY42.8CIRALEER Din
BRAEMBRERT, B 3 RRLEORBANE
13, bRPRAOHASDR Y, £HEY
i TRHERITCOGE s EN T ftoTe, B L,
MRS 8 Wk O06REHI R o IR AV IR 18,  TREA
HAROBAHES BEH (RFREOBHMEL) =
BB A OB R &\ MEFIZ D - e,

Fig. 7%, 43.3CIRENIERE ORI MR %
~T, BHEEORBAE IS S R AR T
DIEBRE L (Fig. 4, T), BEFSRRILIE DR
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Days after tumor cell injection

Fig. 6 Development of metastases following irra-
diation and hyperthermia at 42.8°C for 30min

" applied with various intervals. The days of devel-
opment of metastases were estimated according
to the size of the colonies at autopsy'¥. Each
point represents the mean number of metastases
in 5~Tmice. (Experiment 2)

AETHZ LRy, L AMEERZH - 7o,
ARERETE, BHEZOEIINER & RE48
e B 5\ X96RFRIE D IR BVILE BE T, FRSTRRAT
M TOEBHREAR, £4p<0.2, p<0.1TH-17
(Table 4), REVERRCTOEBRE LB HERE
REFE L D BEHE 8, 48, 96FERS H o {RZLALEERE
CHSER S D -7, L, BHEESEO R
BERF OB RAE L R 8 BE, 6B DIREL
UEREOBBIER, Ebo2nkE ptth
Th0.4L0.3UTTHH, FEEZITRD LR
hole, FMRETORH7HE (BE#EI4EAE,
FEFEEOFHEME) oBEBH AT, BHESA
HORBMBHELYETE, EREORELRL X
5 IR AT 3 WRefiE] LU o R ZLER CHR B R4 0 T 1S

i) LR o TR ZRALTE 7 & DT p<0.1),

Table 413, BHEEZORHMERICL S
BBRER L ERT LT, BHEORRIEZML
B ORBSRE L RBNERIC B 2 ER YL TE
LTH5, 42.8CTH43.3CTh, REEOHEM

SERUTTEE 4 A25H
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O Ohr
a 3hr
A Bhr
%24 hr
@48 hr
vO6 hr

Control

S0 2
/l 43.3°c alone
o

Number of deveioped metastases

Days after tumor cell injection

Fig. 7 Development of metastases following irra-
diation and hyperthermia applied with various
intervals. The days of development of metastases
were estimated according to the size of the col-
onies at autopsy'”. Each point represents the
median number of metastases in 5~6mice.
(Experiment 3)

Table 4 Ratio of metastatic number by hyperth-
ermia applied with various intervals after 10 Gy
of irradiation.

Ratio of metastatic number*

c Hyperthermia applied t hours after

irraciation
t=0 3 8 24 48 96
at time of 42.8 1.00 0.71 0.39 0.70 0.96 -
radiation 43.3 1.00 0.62 0.25** 0.71 0.38** 0.15**
at time of 42.8 1.00 0.70 0.40 0.8 0.93 0.35
heating 43.3 1.00 0.62 0.27 0.79 0.59 0.53

* ! Ratio= (metastatic number by heating)/(metas-
tatic number at 37°C)

:p<0.2, between hyperthermia immediately (0)
after irradiation and hyperthermia with various
intervals after irradiation.

Abhic, 2% b, BHEERICSLACARRED
BB, R 3RHUBCRRYTS 2Lzt -
TIRHFF OB X HE & h B BB - 1o, I,
FBEER 8 B & 48RER] LA D IR S B i IR 4
R D e, F e, BHEoRBNERCES
TaEES, HHERRL LRI,
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