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Clinical Applications of Microwave and Ultrasound
in Hyperthermia: Preliminary Results

Kyoung Hwan Koh, M.D., Young Hwan Park, M.D., Chul Koo Cho, M.D., Seong Yul Yoo, M.D.

Department of Therapeutic Radiology, Korea Cancer Center Hospital, KAERI, Seoul, Korea

Twenty seven lesions of 25 patients with locally advanced malignant tumors were treated with
combined hyperthermia introduced by microwave and ultrasound and radiotherapy. Most of all
patients were failed with previous conventional therapeutic trial.

Hyperthermia had been done immediately after radiotherapy, twice a week, 43°C for one hour
and radiotherapy had been done 5 fractions per week with fraction size of 2 Gy upto 30 to 60 Gy.

Conclusions are as follows.

1. Total response rate (PR+PR) to thermoradiotherapy with microwave and ultrasound was 81

%

2. Tumor depth, minimum temperature of tumor center, number of heat fraction and radiation
dose were statistically significant factors affecting response.

3. Hyperthermia with microwave and ultrasound can be used efficiently to control locally
advanced malignant disease whether previously received near tolerance dose of radiotherapy or

not.

Key Words: Microwave, Ultrasound, Hyperthermia, Radiotheray, Malignant Tumor.

N e
LA EE WAL RS JYAEA AsuHe
2 FAAFES Y 4 Yool Be WAL
A9 7 WA oA %3 HTEl olo] Tl B
!

N
2>

AEH,

] 9ol 4] 198613 1290 28] 1987 44 74| =
235l2 o] 43 LdN 2 WA o
5 o} ok A okatxlel 277 ¥ Aol 4] wbal
<A B W WA A
A E3he

Now
_\eﬁ.h
0.u4

sl
-

o DA o
oE b B
R e

no P

Jnt wol
B3
>
O‘J)‘:’Q
ol
oty
2
oM o
of.
>h5

Wi o o B
o

N
L
2
)
o
njo
nO
32
N
2
-
2
e
Mg
ok
e
o
=
o,
T



A FA o 11 (41%) 2 H4 gk
%) 4 301 (11%) 52 &o|9.on FF7olE 200
(72%) 7+ 3omolyj gew 7ol (28%)7} 3 cm o] 4ol

lth(Table 1), 273 5ol Aol WAl %] 8.5 uix|
% Vx| 226 & o|n] A A x o] A A 85 dF

< oflolet,

2. 2l Xz

Sh

A A] B )R-z Aol o] 7wk o] 2641 (97%) %
, 11925 o] &3 =AW zAlubyo] 1 gk, 9%
AFAlE Sweden Scanditronix AHA] MM 22 =fo] =
REES XU AANNAEE F2 AEF o] L2
Alupl 2. = 53] wf B3k AL 200 cGye A=)
g AP ZAFEL 1790 (63%) 71 3,000 cGyell A
5,000 cGy ko]l 9 2.1 648 (22%) + 3,000 cGy ©] 3}

L 49| 5,000 cGy o] Ao, 2AUEALE Ir-192
ribbon seed& o|-&3A FFAlHol L 3,000 cGy
E 5% AA AEEE A gsigich(Table 2),

o H

r]o to rir B

Table 1. Tumor Characteristics

Tumor characteristics No. of lesions (%)
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Table 2. Hyperthermia Characteristics

Hyperthermia characteristics No. of lesions (%)

Histology
Squamous cell carcinoma 15 { 56) Modality
Adenocarcinoma 7( 27) Microwave
Melancma 3( 11) External applicator 18 ( 67)
Mesothelioma 1( 3) Interstitial applicator 1( 3)
Rhabdomyosarcoma 1( 3) Combined 1{( 3)
Yotal 27 (100) Ultrasound 5( 19)
Combined ) 2( 8)
Location of treatment
Head and neck 11 ( 41) Total 27 (100
Chest wall 3(11) Minimum temperature intumor center
Perincum 9( 33) More than 43°C 19( 70)
Others 4( 15) Less than 43°C 8( 30)
Total 27 (100) Total 27 (100) -
Tumor depth Number of heat fractions
Less than 3 cm 20( 73) 5—15 18 ( 67)
More than 3 cm 7( 27) 2~ 4 9( 33)
Total . 27 (100) Total 27 {100)
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Table 3. Radiotherapy Characteristics
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Radiotherapy characteristics

No. of lesions (%]}

?Eg Modality
External radiotherapy 26 { 97)
Interstitial radiotherapy 1( 3)
Faunsh 2855 o §0 AN WAAAR
st 8 A9 259 9] FAFFRAL 27949 B Tota! 27100
B3 &2 90l (33%) Aom 1361 (48%) ol A= H-2-3 Tumor dose {cGy)
#E Bl 2200 (81%) 4] & Qon More than 5,000 4 ( 14)
. 3,000 — 5,000 17 ( 63}
59| (19%) ol] 4 ol ¥kgo] g ! !
1(19%) A 4E A 2ol F-gol Less than 3,000 61( 22)
Fops Aol do gl g e sk
o}, H2j 22 Anlel w g alol] Total 27 {100)
Table 4. Response Rates for Various Tumor Characteristics
CR (%) PR (%) NR (%)
Histology
Squamous cell carcinoma 8/15 (53) 6/15 (40) 1/16( 7)
Adenocarcinoma 1/ 7(14) 6/ 7 (86) o/ 7( 0
Melanoma 0o/ 3(0) 1/ 3(33) 2/ 3(867)
Others 0/ 2( 0) 0/ 2( 0) 2/ 2(100)
Total 9/27 (33) 13/27 (48) 5/27 ( 19)
Location of tumors
Head and neck 2/11 (18) 6/11 (55) 3/11( 32}
Chest wall o/ 3(0) 1/ 31(33) 2/ 3( 67)
Perineum 5/ 9 (56) 4/ 9 (44) o/ 9( 0)
Others 2/ 4 (50) 2/ 4 (50) o/ 4( 0)
Total 9/27 (33) 13/27 (48) 5/27 ( 19)
Tumor depth {cm)
Less than 3 cm 8/20 {40) 9/20 (45) 3/20( 15)
More than 3 cm 1/ 7(014) 4/ 7 (57) 2/ 7( 29)
Total 9/27 (33) 13/27 (48) '5/27 { 19)
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Table 5. Response Rates for Various Treatment Characteristics

Treatment characteristics CR (%) PR (%) NR (%)
Modality
Microwave ext. applicator 7/18 ( 39) 6/18 { 33) 5/18 (28) -
Microea o/ 1( 0) 1/ 1100} o/ 1(0)
Microwave combined 1/ 1{100) o/ 1{ 0) o/ 1(0)
Ultrasound 1/ 5( 20} 4/ 5( 80} 0/ 5(0)
Combined o/ 2( 0) 2/ 2(100) o/ 2( 0)
Total 9/27 ( 33) 13/27 { 48) 5/27 (19)
Number of heat fractions
5—15 9/18 { 50) 9/18 { 50) 0/18 ( 0}
- 2—- 4 0/ 9( 0} 4/ 9 44) 5/ 9 (56)
Total 9/27 { 33) 13/27 ( 48) 5/27 (19)
Minimum temperature in tumor center
more than 43°C 9/19 ( 48) 6/19 ( 31) 4/19 (21)
less than 43°C o/ 8( 0) 7/ 8( 88) 1/ 8(12)
Total 9/27 { 33) 13/27 { 48) 5/27 (19)
Radiation dose
more than 3,000 cGy 9/19 ( 48) 10/19 ( 52) 0/19 ( 0)
less than 3,000 cGy o/ 8{( 0) 3/ 8( 38) 5/ 8 (62)
Total 9/27 { 33) 13/27 { 48) 5/27 {19}

ofell SRl ofloll A 8o (40%) <} AARHE BY7 3
cm o] 4l ool Al 1ol (14%) ¢ sk zHsl-2 1
= BATA o2 {93t (P<0.05) (Table 4),
THEA 28l 5ellF 24 (40%) 7 AN E 2
AL 22¢]%F 79(31%) 71 dADHNE wich a2
B B0 - DHEE 24 A LdA g ol
uE A g AT R {9 o]} <
AA 8 4o o2 Bal gL 53] ol Al AL 8
o (40%) A A el & Rolx 94| (45%) oA 24
35 Bof 43 o]} it 22 8-S By
o]:; %74]%1-74 o0 -ﬁ-g]ﬁu}(P(O 05) _z;ol:q.]gﬂ;ﬂ.?_.
Eol ulE gL FAT A3 437C o4l AL 9
oA (48%) o)A A B8 6o (31%) oA LEAHE B
o] 43C olstic} HA) 5] ¥oka o] & EAEA
A (P<0.05), WA A &2 kol W2 B3l g
Az 30 cGyol 4 WANAEE A1 ool 4] 9ell
(48%) 2] 1A 2sl5 B 1 104 (52%) ol A 2313
% 2o 30Gy vl BT} A3 5L AAEL B

1’ o]

Lol

o7

o)

B
]

w

SASE 02§03 H(P<0.05, Table 1),

2
ks
rir

i} &

st A go} P gA] A RAg
Ak Al7]w ofof ot ME3tR
28150 AAFIL Yoy,
2p7to g whabAel ofd) A7)
o] A= of ukalAi gt o] S}

A, Az L7}
5 A A ZFE AL
WA Aol 7} FolEd,

A, A BA A A WA 0] FL P A
AAzel Boldoz e AriAsl Eeh,

o9} 2 Az WAAA R LANBE 43
A glom s e oz ALENE /)T 4 9
o}

Sepatol meh Aabadoil 2
24kl F¥T ALk A4

o

L=
)]



@A g LR B FALEARR UE &
ot PAA A g9} YK BA ol = TG A B0}
ol F2 ARGE I 9a o]e o nE Sads 2
w9t o 2o st Sol ARSI glephassy,

F2ohs ti7) 915 MHZE A28t 2450 MHZ &

o
ofp
ol
ol
N
bt
=
47;
vl
N
;L
_,a

toreads o A
E }U% 452 ool 4 % ol
$ el AY YA A 2o} AR 2

_,d
8
fo
e
F"

jo 2 z2 dfo
N e

no n

2o

rir Ff“

o,

] R EECEL B PR ERE R
B& AvYael E3A9 Aol & B AE
4 glof Fxash A3 eRA B9 ABAEN) FE R
e FEY 5 ot W54 yolet Bl 9
o),

Perez 5192 916 MHZ FZthsb-2-9d 2 8.4] F ok
FdA ol B Aol da) o] 2cme]
- 85%0l4] 42.5C oj o] TUdA &7} 75
2, 2tcmellA 4cme) A% 71%9) 4, 4cm o] Aol
A 50% N A 77t s gl ov] Z7ke] kA Bl &L 65
%, 1%, 37%3ith, Oleson'V & KimE12% f-Abg B
3E oA e ole F 27| 2 A4S BeA &
Adoll o3 A7 ARz L_alm% 9= 8o dARA
AT SHdol v E AR AR YA = gor!o

olsk 2 A x&z} o a5, 249 52

o
=,
2
>
1o o

£
2 Xy 2
e
e 5
L e
.1} by
e x %
yo F
2 Y
r}o ot
T o
R0 w
ho 5
ot <
3 Ay o
E o
o =
b mlﬂl ol
(o]
=~ 1’“‘ -lO
°F 2 3g <
= o o et mn ol
o B

79

Oleson5Ve- Ael o7} glg& g Kims'?
< ol B AZY e A aaE ¥ sl ARE
o) clloll A x ¥z shd Aol wE Ao]E A4 gl
ot Aloke] %ol B2 AaleS A At

J 0

19861 129 28] 198711 44717 A8y A 8
/‘Vi"ﬂroﬂﬂ uﬂgle -51—74 o7 zlz E] 25ni9] 0_1,—/13_?
ghabol 2770 W 4ol el FEelulet 2E L o] &3
LA B g WA A b A A A e e

AEE Aok

1. Fattabel 249lE o &3 FEABE AL F
274 W AZ 197 WaolM 43T o) 4k Foful 2R
CEE FAT & Aoz 8l BaolAE T o]kl
H=ex F27 sb5A

2. S

3. Fopel Zlol, LA RA Foph HALE, 2o
A 284 o A A & Aol Skl ARG ol
odepg v AL FALA FeldAdck

4. Fzchaleh 28548 o &8 LA R YAAR
aob WA B FaAdte] TLALEE ES T Y
2 Aoz Ando

REFERENCES

1. Perez CA, Emami B: A review of Cnrrent Clinica



80

.,

Experience with Irradiadiation and Hyperthermia.
Endocurietherapy/Hyperthermia Oncolology 1:
265-277, 1985

DEE, st 259F o] 8T 2EHE
A FERZO #g Q7. AFA s A3 2
21-23, 1984

. BtEe, S, stadst Aol A WA 7] Fadet

o WA 54 & gde] n] A= kel A A
T, HEba AL oetal R 2:167-171, 1984

CDAE: P2 AE () A s, A

A g 7:307-312, 1987

L 0AE PR EAE W) AT, A= A=

7:431-433, 1987

DA gk AAE ) 44 AH AR 7554

-558, 1987

. Arcangeli G, Cilidalli A, Nervi C, Creton G, Lovisolo

G, Mahro F: Tumor control and therapeutic gain
with different schedules of combined radiotherapy
and local external hyperthermia in human cancer.
Int J Radiat Oncol! Biol Phys 9:1126-1134, 1983

10.

11.

12.

. Yoon SC Oho YK, Gil HJ, Chung SM, Shinn KS,

Bahk YH: Effect of microwave hyperthermia on
radiotherapy of human malignant tumors. J Kor-
ean Soc Ther Radiol 5:31-35, 1987

. Neyzari A, Chenng AY: A review of brachyhyperth-

ermia approaches for the treatment of cancer.
Endocurietherapy/Hyperthermia Oncology 1:257
-264, 1985

Perez CA, Sapareto SA: Thermal dose expressin in
clinical hyperthermia and cofrelation with tumor
response/control. Cancer Res (Suppl) 44:4818s
-4825s, 1984

Oleson JR, Sim DA, Maning MR: Analysis of prog-
nostic variables in hyperthermia lreatrhent in 163
patients. Int J Radiat Oncol Biol Phys 10:2231
-2239, 1984 -

Kim JH, Hahn EW, Tokita N: Combination hyperth-
ermia and radiation therapy for malignant mela-
noma. Cancer 50:478-482, 1981




