WRACE 39 :1209-1213, 1993 1209

RN 8 5 RELE Rk
SRAFELRURBHFEE (ELE + ARHS D)
TR B, & B, AE KRS
WA AHESERBREHSHE GEE - PR H0)

S N A
SRRED RGO GEAE : o KT H08)

HEEE RR, O EE, HP AR, K4KBE

STUDIES OF COMBINED TREATMENT OF RADIOFREQUENCY
HYPERTHERMIA WITH ANTICANCER AGENTS OR
IRRADIATION FOR INVASIVE BLADDER CANCER
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Using an in vitro colony forming assay system, the cytotoxic effects of anticancer agents alone,
adriamycin (ADM) and bleomycin (BLM), and the combined effects of hyperthermia and antican-
cer agents on cultivated KK-47 cells were investigated. When the hyperthermia was combined
with various concentrations of ADM ranging from 0.005 to 0.1 #g/ml and BLM from 0.0l to 1.0
pg/ml, enhanced cell killing effects were obtained at the concentration of less than 0.02 zg/ml of
ADM and with an increase of BLM concentration. In DNA specimens obtained from the livers
of chick embroys inoculated with human tumor cultivated cells, the polymerase chain reaction
technique was used to amplify a DNA fragment specific to the f-globin gene. By detecting these
amplified DNA fragments, the feasibility of efficiently detecting metastatic cells present in chick
embryo was demonstrated in vive. Hyperthermic therapy showed inhibitory effects on the growth
of metastasized cultivated cells in a thermal dose-dependent manner. Combination therapy of
ADM, mitomycin and carboplatin and hyperthermia had an enhanced inhibitory activity on the
growth of metastasized cultivated human tumor cells derived from bladder cancer. Hyperthermia
using radiofrequency-capacitive heating in combination with irradiation or anticancer agents, was
performed in a total of 56 patients with T2 to T4 invasive urinary bladder cancer. A tumor re-
gression rate of 50 percent or more was obtained in 21 of these 56 patients. We have to follow up
the patients for longer periods more precisely to evaluate the role of these treatments.

(Acta Urol. Jpn. 39: 1209~1213, 1993)
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T ShIRBk L ThTuws, LrLl, Bz
KA, EFBREBE 51 S MBI 5 U THEhi:
ThoHLidre, BREE LTUIRANALLOTLY
o, BEBERIAREEEETH Y, HIRBHREL
DXFE T BBEE L ERER 2 B T5560%
{, DSELEEOE L DIV EEIh D& LEZD
N5, B LRI OB LT, —#o
FUREHIC B\ CRATRRD R ORI HE S hTVwBH T
Emn, ST & OYRAMIIC D & KBTI L
5L Lbwe, FOBKRRMC VT LB L.
HRE L UHE
[. in vitro DRERE LT, v bEMEHREEEN
¥ KK-47 %, HisWB &4 T5 Ham F-12 5%t
(BABIEREF) 120% calf serum (Microbiolog-
ical Associates, Md, USA) #Jnx 7 FC-20 §%53%&
W el & L, fEROWMERHVD, REE
2115, an=—WEEC X hIRERELZEEL,
42°C XU 43°C s\ CHIRAERE SRS 20% b L<
150 1ETF X Bl LB IBEREY, ThZth
IT20 (20% inhibition time) 3 X7¢ IT50 & LT
BHU.
I. EEgEEE LCHRSREH T 5 RENTIER &
LT, bleomycin (BLM) & adriamycin (ADM)
COWTRRE Lic. AMIMEEOPUEHIS L 037, 42%
LU 43°C olBYLEEAHIA L, 37°C Rl 5%
KB A R & LCEh EhofiBE R oW-T
MEEEGT L.
. in vive DEERE LT, REWE L OUFHER ©
FiRx BT, BBy AVEBUNER BLC kT 5 R
TCEFR OB BT o . MRl KOH L, BE#®?
DT &L THEBINERE LOMEM, v MENREH
Jemgiaek T24 #BHEL, B3 B HCHERs
IOCRBAELT, 4 BETbLMlIRET BB
RO 2B TS ME LRI vaH L
DNA % polymerase chain reaction ¥iZ X b 3¥iF
#, P sl e - TRy T e,
FEic X v PCR products O, ##r%175.
1D E42.0, 42.53% LU 43.0°C D BLEHPluC
L BB R AT » 1. GBS YRIERC 51 5 B3
Mgt = v e —aAfito PCR products #4100
% & LI B 0 REETECo PCR products DA HK
HHWT B L L DIt
2) AREHUAR X ONRADEREZIR OBEHC B3R
#lix, ADM, cisplatin (CDDP), carboplatin (CB-
DCA), mitomycin (MMC) s X ' cyclophospha-

mide (CPM) Ths. BRESELXSECL, B
JaRoOEHGECHRE U TEABEYRE L.

XEELUHE

[. 1984564 B X V199229 A% Tk T2 kD B
s flicxt L, RF FEMEZEE, Thermo-
tron-RF8 % i\ IR BRI X 61T L7c. control Ff
E LT, BEEs X OHERIFERERE L EDT
Bat Uic. BidtpsbtiEsetio iR, B4, %
PEOBITC, MY TR HI%ER T 63. 5 TH -
fo. JER, BEERCAEAEK 100ml 2EAL,
WETHER 2lem O7 7Y r— &2 —FFVCEK
PRBEN 42.5°C Llbc/s X 5mE L. FAlEL
CHE2E, 6047 INEY 1T\, BEDHEHE L BEE
g 4B ERTUCEAESREL, REKTI
~ 2 8 [ % CEGR LIEE 2 eeEE Lok
CR, EEH/NRM0% LD D% PR, 25% L,
50%FKWE D b D% MR, /IR R TL5% AN
WARDO G D% NC, 25% L EOBAHBRD bhics
A% PD LB L. BHREERI T3, BEEEH
BhEEL 3 0, 36~42Gy DREHROAH 246, 30mg
/m? DL 5 4 ¥ v (THP-adriamycin) 8RN
#E (1E/38E, 32~3E) SHHEAISH, 60mg
/m* o CDDP HIFEBIRNAEAGHREREZ 661, 10
mg/m? © MMC ABEBIIRAEA 2 6, 60 mg
/m? o CDDP WNIBEEIIRNEA B X O kstE6H
226, MMC ¥ XOVHREHRGERE 21 Bl BfTsh
fe.

151 1

[. E2ABH O KK-47 o 4Rt Fig.
LTk, 42°C L 43°C O CEB R ED
EHZdbhic. 43°C RENERET, AEREN 30
DEEBTHE, A7 7 7 L CEHSMC AR
RoETFTH@ED LI, —F, 42°C BEMLEHTO
MR RROE T, BAMERFEI607 L LTk X
DR & Tr ot 42°C TO IT2013415Ch b, 43°C
TD IT20 LV IT50 i3, FhEh225% L4l
SFThHok.

. #fERED BLM ¥ X0 ADM BifuLBsg, X
HIC o b DI & B AOFRAB X 5 R Bl
4 Fig. 2, 3 iRT. BLM Tig, 42°C 10043
°C OE#MBHHICT, VTR BHREOHEANH
b, Thicxl, ADM Tit 0.02 pg/ml &
T o%awr, ADM BE @ HEl Ui Siifash i
ORKATD b, —J5, ADM ¥ B2t 0.05 pg



TH, @2 BRVLEERRE « RIS 1211

/ml P BTy, PUEFIE C RAGHRRE ORI
BoEIBEAL, BHETO ADM i BiEhES
HE L.

‘ wnd
0.5 4
c 01—
.0
b
0 0.5
i 9
&
- a 43C
2
g
0.01~
0 ITI0___ 2050
42c 3 41 -~
43C 13 22  41(min)
0 5w M % o (™o

Heating time

Fig. 1. Survival curves of KK-47 cells heated
at 42 and 43°C for various lengths of

time.
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Fig. 2. Survival curves of KK-47 cells after
the simultanous treatment with bleom-
ycin and hyperthemia (I1T20 or 1T50)
at 42 or 43°C.

M. BIRRR RS CHT 5RAREOVIBEDR
EonTiy, WRFEL B UInR &G Ui PCR
products OFAMFED BRI (Fig. 4). Table 1 1<
R L5, 425C, 2058 XU 43.0 C, 105 DR
2T, ThEhe9. 2%k X U'82. 0% O BE
TR RRARII R AR D b, —Jf, 425°C, 15
FUTOMRTRHBEESHRIZD bRk &
hoDER LD, UTOHBERDOINGSGOHIE L
LT, 42.5°C, 105 mE 4 A 7s.

V. BORia RIFER B3 2 DUl X OiRa0rHA
BEOHESSRCOWT, ADM Bl X ONE S
PEFZ X B EREOR oW THRE L. ADM Hijh
T® inhibition rate (313.5% *{EfETH H, hic
AL 425 C, 105 DIRBDHAC X D 54.2% O inhibi-
tion rate 237 B, AR O BRI
Er@Esd b, CDDP %424 CBDCA ¥y s
ZXh, ThFEh 29.1% % LU 27.3% @ inhibition
rate 7\ Z b, CBDCA TLRBSHE I X v IIE
BEROEM A RS T AR LA bk (Table 2).
MMC % 7ci3 CPM Hifhss X ONREWEA T3, Table
3 RT T EK CPM BlifEss X 08 MMC R #40F A
PECE\L inhibition rate 23z Hite.

V. BRAEC VT, ETEEORTBME L RS
Bph¥ 7B RC OV THRE L. &L L
T 568 4 71 (7.1%) i CR, 174 (30.4%) iz PR
A b, PR LIRS 5% TH 7. CR Flt
b T2HEGTH D, T3 L EOREBEBEN TO
BRDBEIARRTHAEAH D iz (Table 4).
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Fig. 3. Survival curves of KK-47 cells after
the simultaneous treatment with adri-
amycin and hyperthermia (IT20 or IT
50) at 42 or 43°C.
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H: T24 genomic DNA

N : Genomic DNA from embryonic chick liver

Fig. 4. Effect of hyperthermia on liver metastasis of T24 cells in
chick embryo using PCR technique.

Table 1. Effect of hyperthermia on liver
metastasis

Tem|(>°cratu re-Time Radioactivity (AU/mm?) IR(%)®

C, min MeantSD
43.0—10 33.2% 30.3 82.0”
42.5—20 56.7+ 49.2 69.2"
42.5—15 104.6+118.8 43.2

42.5—10 135.0+ 27.4 26.7

42.0—15 142.3+ 94.0 22.7

Control 184.1+76.3

a) Inhibition rate (%)= {1—(Radioactivity of treated group)/
(Radioactivity of control group)} X 100
b) P<0.01

Table 2. Effect of cisplatin and carboplatin
with/without hyperthermia on liver
metastasis of T24 cells in chick

embryo
Hyperthermia IR(%)®
Chemotherapy (°C, min)

(10 pg/ege) None 42.5—10
None 24.5
Cisplatin 29.1% 33.4°
Carboplatin 27.3 44.59

a) Inhibition rate (%) = |l — (Radioactivity of treated
group) / (Radioactivity of control group)} X100

b) P<0.05

) P<0.01

Table 3. Effect of mitomycin C with/
without hyperthermia and
cyclophosphamide on liver
metastasis of T24 cells in
chick embryo

HPT

D /
rugs (ug/eg®) N 49.5°C—10 min

None 18.6
MMC ( 10) 58.9% 82.4%
CPM (2500  75.4% —
CPM (5000  92.3Y —
IR (%) = {1— (Radioactivity of treated group)/
(Radioactivity of control group) | X 100
a) P<0.05

Table 4. Relationship between tumor
response and tumor stage

Tumor  No. of Response
stagc panents CR PR MR NC PD

T2 16 4 4 2 4 0
T3a 14 0 7 4 3 0
T3b 15 0 4 4 6 1
T4a 2 0 0 0 1 1
T4b 9 0 2 2 4 1
Total 56 4 17 12 18 3

Table 5. Relationship between tumor response
and combined method with hyper-

thermia

Combined No. of Response
method with tient
hyperthermia P23H¢™S GR PR MR NC PD
HPT only 3 1 0 1 1 0
Radiation 24 3 8 6 5 1
THP i.v. 18 0 5 6 6 2
CDDP i.a. 6 0 1 0 5 0
MMC i.a. 2 0 1 0 1 0
Radiation 2 0 2 0 0 0
+CDDP i.a.
Radiation 1 0 0 1 0 0
+MTX iwv.

Total 56 4 17 14 18 3

IR 2R & O OF R B O BEIRZ R D\ W TRE L.
BEHEEREE & Oft R I\ T246IFP 116 (45.8%) &
PR LI EOBHRELRDH LR, B RBEFRERNLILR
fo. HEHUER L Ot Tk, THP-adriamycin &
DPFRC X b 1864 54 (27.8%), CDDP L off
BeXvefiF1l (16.7%) Ibic MMC Lot
B Xy 26414 (50.0%) & PR 37 bhi
(Table 5).
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of life DIETR A VHETF VAL ORIELH b, WEE
THIEENGEE Db D BRI B EhB L2 5T
b5, Fl, BRECEWCBEDFHRYELSTAE
ErRFX, BORMMBEEERTHLD, FEREND
HREHALCEE TR, T OadciNEgns
BLTVB SO EHEE L CREEYIT S BEL S 5.
BT, HEWNEHREO—OL LT HHBERE
RGBS LORBFRE 2 Habdbe bz &

13, BEEEYEZEL T ETEIMH s eb D EL 5,

SE, REBREEOHAEFORRY BT, " r=
— 3 & ORI\ T IR A g g o SR
BEtEfTv, ChooBRiSE, bhbhiil1984
4L 199249 A% Cic T2 LI 0@k
FEs6Ble s L, 1REGH B LRk ds X OYERI &
> TIIBHRBHOMALIT - 7o, TOKRESEL
TOEHFKX PR LUIEM37.5%Th Y, EETI
FRIELSTRE & ST AREREL AT, BiE
Ko limiting factor ©O—>ThHBETFEHOEX
R, HETOMF X5 cooling ZREZEDOHET X
hERENREYZMRSHRDZ bR B4 BB
BT s LOEEEAYTBRLTCVHb0LE
%2 bhte. Thermotron-RF 1 X % IMEREOEERN
B XOABEEBRORES M LT, S0EFIDOREMREE
AR & BENREEREOKRAY TiX, # 400W ©
IR CREMEAESRE L 42.9+09°C T, &
X LB AR 1 44.2+ 1.5°C & EBEERA e~
I'C figEWERENL I ORI, 8- T, LBOESIT
BLTIEENT3H 5, FREMCEEANREY
MBHIERE LT, BMARENERT-%. BERE
Az & BEPIREE LT, Bk X OSEEEE N
REG=AE, JHifk X OBEMESEE AR E st
LEWAEL D bhie. TichbEREROBEBT
BTHIMITIE, EBFAOFEEC LY, +oRRE
ERRZ B L, FRBEMEE S BEC X b iR
BERVGTONBEEARZ bR VWD EEXD
hn. —F, REEERKETT5BE0RERO—>T
BBk E0T 5 limiting factor & LT, BED
ETRBOEXNSHT bhb. LB L AEKEA
RED 42.5°C YRR I BECL, KT
EEH 20mm LUTFThh, ThUEOEIEETS
EATOEE~OFEHMBIIIFETEZ Vb DLEL

bhs. TihbbkKBPERE V> EWEROEND,
BT L€ DRSO BEE 2 R 5 AR
Zbhic. LA UESE, +—=3—1Aa « K-35 AHE
EIN®, hi X VERIGROBHELHREL, AE
EDBWERTH % k15, NRHERSEORAFE X ET
BRBZENAfEE Kk nte. SEINOLDOEBYHV
AT LY, BREREGRNLZIONDZ ENHGH
HEhn.

w®

BIFIcBR®RE X Bicdicid, B uEH % SR
L, ToOB5HER JOHRELRHTALE L bR
BEE =2 2T ALENMBELYT A EVER
Th5b.

AFRO—W OB EHEP RIS GREFE T 046709
55) DEBIERI LT, FRUTHERERT 3.
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