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Radiobiclogical and clinical evidences indicate that hyperthermia combined with ionizing
radiation produces a significant improvement in therapeutic effect of cancer.

In general, malignant cells are more sensitive to heat than normal cells in the heat range of
41~45C.

We report the experiences obtained from 42 patients with advanced malignant neoplasms
managed with 2,450 MHz microwave-induced local hyperthermia and ionizing radiation at the
Department of Radiology, Kangnam St. Mary’s Hospital, Catholic University Medical College. A
clinical analysis of 42 thermoirradiated patients showed result of 11(26%), 15(36%), 11(26%) and
5(12%) patients with complete response (CR), partial response (PR), minor response (MR) and no
response (NR), respectively. Histologically, there were 17(40.2%) squamous cell carcinomas,
12(28.6%) adenocarcinomas and 6(14.3%) miscellaneous cancers. Eleven patients with CR
consisted of five squamous cell carcinomas, five adenocarcinomas, and one chioroma. Among
15 patients with PR were five squamous cell carcinomas, five adenocarcinomas, three unknown
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primary tumors, and one poorly differentiated, and miscellaneous tumor each.
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INTRODUCTION

Based on the results of experimental studies on
the thermal distribution in an agar phantom and
transplantable animal tumor,? we have practiced
local hyperthermia using a 2,450 MHz microwave
as an adjuvant to cancer tfreatment in 42 patients
with various superficially located malignancy at the
Division of Therepeutic Radiology, Department of
Radiology, Catholic University Medical College
since March 1985.

The treatment plans of 42 cancer patients were
hyperthermia with radiation therapy and/or chemo-
therapy.

We analyzed the clinical response of each treat-
ment scheme according to the primary tumor sites,
histologic diagnosis, radiation dose and number of
heating, and complications in the course of the

*Presented at the annual meeting of Korean Society of
Therapetuic Radiology, Seoul, Korea, Oct. 24 1986.

*This paper was supported by 1987 CUMC Clinical-
Medical Research Fund.

trials.
METHODS AND PATIENTS

Local hypethermia was tried by 2,450 MHz
microwave in 42 cancer patients having superficial
lesions.*® Radiation was given using a 6 MV linear
accelerator up to atotal dose, which varied accord-
ing to the patients and diagnosis and with generally
accepted fractionated radiation protocols. Heat
was delivered by means of 2,450 MHz microwave
generator using contact applicator.” The temper-
ature was not measured in all patients but some
feasible ones. The temperature was monitored at a
regular inteval, with the power off for a couple of
seconds, by inserting a thermocouple wire inside
the plastic sheath of a 22 gauze Angiocath® placed
previously into the lesion.?

Heat at 42~44°C for 30 minutes a day was
applied every 72 hours, twice a week, immediately
after daily fractionated irradiation, for a total of 10
~12 hypertheric sessions.®5~7

The tumor response was estimated by following
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criteria. The measurable superficial lesion at the
time of the maximum response were complete

Table 1. Age and Sex Distribution

Age\ Sex Male Female Total (%)

0-19 0 0 0(0 )
20 - 39 2 4 6(14.2)
40 — 59 12 12 24 (57.1)
60 — 79 8 3 11 (26.2)
80 — 1 0 11 2.5)
Total 23 (54.8) 19 (45.2) 42 (100}

response (CR, complete disappearance), partial
response (PR, 50% or more reduction in size of the
lesion), minor response (MR, less than 50% reduc-
tion in size of the lesion) and no response (NR) at
the end of treatment or soon afterward.z~>7~®

The complications in the course of treatment
were expressed as absent or present.?

RESULTS
1. There were 23 men and 19 women. Twenty-four

of 42(57.1%) patients were in the range of 40 to 59
years of age. The median age was 56 (Table 1).

Table 2. Number of Patients Treated by Sites & Primary Tumors

w ;. Head & neck Chest wall Abdomen  Extremity Total (%)
Primary tumor (supraclawcular node) {breast) (perineum) (inguinal & axilla)

Head & neck 7 7 (16.7)
Lung 3 3(7.1)
Breast 5 6 11 (26.2)
Liver 1 1(24)
Uterine cervix 1 - 1( 2.4)
Anorectum 4 4( 9.5)
Hematopoietic (CML) 1 1{ 2.4)
Others * 1 5 6(14.3)
Unknown primary 7 1 8 {19 )
Total (% 23 (54.8) 6 (14.3) 6 (14.3) 7 {16.6) 42(100)

* neurofibroma 2, recurrent fibromatosis, chondrosarcoma, synovial sarcoma, metastatic leiomyosarcoma.

Taﬁ?e 3. Clinical Analysis of Hyperthermic Response in 42 Patients

CR PR MR NR Total (%)
Primary sites
Head & neck 1 2 3 1 7(17)
Lung 1 1 1 3{( 7)
Breast 4 5 2 11{ 26)
Liver 1 1( 2)
Uterine cervix 1 1( . 2)
Anorectum 1 2 1 4( 10)
Hematopoietic (CML) 1 10 2)
Others 2 4 6( 14)
Unknown primary 3 1 8( 20}
Total (%) 11 {26} 15 (36) 11 (26) 5{12) 42 (100)

CR : complete response, disappearance of tumor
PR : partial response, over. 50% tumor shrinkage
MR : minor response, less 50% tumor shrinkage
NR : noresponse, little change of tumor size



2. The primary tumors and treated anatomic
sites were listed in Table 2. Treatment of the chest
wall or breast proper for breast cancer was 26.2%,
metastatic supraclavicular nodes (SCL) of unkn-
own primary 19%, and head and neck 16.7% in
decreasing order.

3. The clinical analysis of hyperthermic response
to primary tumor was listed in Table 3. Of 42
patients, 11(26%), 15(36%), 11(26%), and 5(12%)
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showed CR, PR, MR and NR, respectively.

4. The clinica! response based on histologic
diagnosis was listed in Table 4. Of 42 patients,
17(40.5%), 12(28.6%) and 6(14.5%) were squamous
cell carcinomas, adenocarcinomas and miscella-
neous cancers, respectively. Eleven CR’s were
observed in 5 squamous cell car¢cinomas, 5
adenocarcinomas, and 1 chloroma. Fifteen PR’s
were observed in 5 squamous cell carcinomas, 5

Table 4. Clinical Response Based on Histology

Histology\. Response

CR PR MR NR Total (%)
Squamous cell Ca. 5 5 4 3 17 (40.5)
Adenocarcinoma 5 5 2 12 (28.6)
Undiff, large cell Ca. 1( 2.4)
Poorly diff. Ca. 1 1( 2.4)
Hepatocellular Ca. 1 1( 2.4)
Leukemia (CML) 1 1{ 2.4)
Miscellaneous 1 4 1 6 (14.3)
Unknown primary site 3 3(7 )
Total (%) 11 (26.2) 15(35,7) 11 (26.2) 5(11.9) 42 (100)
CR : complete response, disappearance of tumor
PR : partical response, over 50% tumor shrinkage
MR : minor response, less 50% tumor shrinkage
NR : no response, little change of tumor size
Ca. : carcinoma
Table 5. Hyperthermic Response in View of Radiation Dose and Heat Number
Heat No.
“ <4 5-9 105 Total (n=42)
Radiation dose (cGy)
1 1
0 —<2,000 {1
1 3 1
2,000< — < 4,000 3 3 (4
1 4 3 3 1 7 5
4,000 £ — < 6,000 6 4 10 (22}
2 4 3 4 5
6,000< 1 1 1|2 2 {4 (15)
CR | MR 3 4 5 7 4 1 |12
Total (n=42) PR | NR 1 10 |1 5 | 2 15 | 4
(4) (20 {18) (42)




34

Table 6. Comparision-of Treatment Results

CR PR MR NR Total (%)
(XRT) + H 1 2 3 6(14.3)
XRT +H 10 10 8 2 30(71.4)
CX+ XRT+H 1 4 1 6 (14.3)
Total (%) 11 (26.2) 15 (35.7) 11 (26.2) 5(11.9) 42 (100)
XRT : radiation therapy (RT), {XRT) : previous RT, CX : chemotherapy

H : hyperthermia

Table 7. Complications Due to Thermoirradiation

Complication Number of
patients
Erythema 42
Dark pigmentation 5
Moist desquamation 4
Subcutaneous fibrosis 1
Thermal burn 1

adenocarcinomas, 3 unknown primary tumors, and
1 poorly differentiated and miscellaneous tumor
each.

5. Table 5 summarized the clinical response in
connection with radiation dose and heating num-
ber. Ten out of 20 responsive patients (CR+PR)
underwent 40~60 Gy/5-7wks irradiation and 5t0 9
sessions of hyperthermia.

6. The composition of each treatment modalities
was shown in Table 6. THirty out of 42 patients (71.
6%) were treated with ir'éadiation immediately fol-
lowing hyperthermia.

7. Table 7 summarized the observed complica-
tions in the course of this clinical trial. Transient and
various degree of erythema was observed in all
patients. Pigmentation and moist desquamation
were also observed at the thermoirradiated
patients. One superficial burn which developed on
the keloid scar in the patient with recurrent breast
cancer has regressed spontaneously.

DISCUSSION

Radiotherapeutic doses required to sterilize
radioresistant tumors are limited by normal tissue
tolerance.*19 Various ! techniques have been
applied to compensate for this limitation including
hyperbaric oxygenation, hyperfractionation and
protracted ionizing radiation doses, high linear

energy transfer (LET) radiation and chemosensit-
izer with varying success.®"®

The effects of hyperthermia in the treatment of
cancer are: (1) moderate hyperthermia (41~447)
produced direct thermal effects and also
potentiates ionizing radiation damages by inhibi-
tion of repair and recovery of sublethal and poten-
tially lethal damage, (2) cells in synthetic (S) phase
are usually radioresistant but sensitive to heat, (3)
radioresistant hypoxic cells do not protect cells
from damage by heat, (4) cells in low pH environ-
ment, as in necrotic tissue, are more sensitive to
heat, (5) nutritionally deprived cells are more sen-
sitive to heat than adequately fed cells, (6) selective
accumulation of heat in tumor with a poor biood
supply than the surrounding normal tissue.2~19

Ultrasound, radiofrequency, microwaves and
heated perfusion solutions are now available for
the induction of local hyperthermia that can be
adapted to various clinical needs.!~? Ultrasound is
easily generated, focused, and localized but air-
fluid and bone interphases may limit its application.
Radiofrequency heating penetrates much deeper
than microwave does. The former produces relative
heat accumulation at the subcutaneous fat layer
preventing thermal conduction. In addition, micro-
wave radiation provides convenient and readily
controliable local heating with relative simplicity.

Several clinical trials demostrated that
hyperthermia plus irradiation can produce high
tumor response rates than the irradiation alone.?~%
2,450 MHz microwave usually achieve potentially
therapeutic temperature to only about 2~4 cm
depth.1~+69

A variety of hyperthermia and fractionation
schemes of irradiation have been tried but the
optimal one is yet to be established. We have treat-
ed with conventional fractionated irradiation (daily
180~ 200 cGy, 5x/week), immediately following 30
minutes hyperthermia (every 72 hours interval a



week) up to a total of 10~12 sessions.

No tumor has been shown to be especially
sensitive than others although relative radioresis-
tant melanom a is substantially affected by the
addition of hyperthermia.?~'" Microwave thermoir-
radiation responses of the present series were 11
CR’s and 15 PR’s. In these responsive groups, the
most responsive patients were those received 40
~60 Gy irradiation and 5 to 9 hyperthermia heat-
ings. Histologically, 11 CR’'s consisted of 5
squamous cell carcinomas, 5 adenocarcinomas
and 1 chloroma. Fifteen PR's consisted of 5
squamous cell carcinomas, 5 adenocarcinomas, 3
unknown primary primary tumors, and poorly dif-
ferentiated carcinoma and miscellaneous tumor in
each one. A moderate dose of irradiation and local-
ized hyperthermia was shown to induce regression
in more than 60% of lesions treated.*5~* The most
serious complication noted in this study was
second-degree burn at the keloid formed in a
surgical scar.

The histologies and primary sites lend further
confusion in evaluating results. The heat effect is
probably nonspecific as no particular primary
tumor or histology appeared to respond better or
worse than others.®™%

SUMMARY

Localized hyperthermia can significantly
enhance irradiation cytotoxicity in superficial
human tumors compared to normal tissue. Clinical-
ly, we observed reduction of about 10~20 Gy radia-
tion doses to treat the superficial thermoirradiated
tumors, and it was concluded that 2,450 MHz local
hyperthermia was safe and beneficial to superficial
tumors especially in combination with radiation
therapy.
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