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PREFACE 

Hyperthermia as a safe and effective cancer treatment 
modality is rapidly evolving propelled by widespread research 
and clinical efforts worldwide. Presentations on Hyperthermia 
experience are now commonplace at Oncology meetings, as are 
congresses dedicated entirely to the intertwined interactions 
between basic sciences and patient treatment that together are 
forming the structure of a new medical specialty. Such was 
the XII International Symposium on Clinical Hyperthermia held 
in Rome, Italy, April 27 - 29, 1989. 

Papers presented therein constitute the backbone of this 
book. Biology research has provided data describing mechanisms 
of action for the cancer cell killing and physiological effects 
of Hyperthermia. Physics research has led to the development 
of equipment enabling treatment of many areas of the human 
body, as well as explained the limitations that still constrain 
our ability to treat, especially in the areas of deep seated 
tumor heating and non-invasive thermometry. The main question 
that will decide the future of this modality is that of its 
clinical use. To put it succinctly, what do we do with this 
potentially useful tool in an everyday clinical oncological 
practice .•• ? This is the main question addressed in this book 
as "Consensus on Hyperthermia for the 1990s." The book in
cludes 28 presented papers and 25 invited chapters from some 
of the leading experts in the field. Their basic mechanisms of 
action were physics principles, treatment quality assurance 
and especially, clinical indications. It was designed to pro
vide a basis for the practicing oncologist for the understand
ing of the scientific merit of the modality, as well as its 
integration with practice of Radiation Therapy as well as 
Medical and Surgical Oncology. If some of this is achieved, 
it was worth it. 

Special appreciation is extended to Dr. Betty J. Ciuchta 
for the many hours invested to organize and compose this book. 
Her personal sacrifice is a tremendous gain to our society 
and its membership. 

Haim I. Bicher M.D. 
Editor for the 
International Clinical 
Hyperthermia Society 

v 



CONTENTS 

CHAPTERS 

Clinical Use of Regional Hyperthermia ••.•.•..•••••••••.•.•.••• 1 
H.I. Bicher and R. Wolfstein 

The Basis for Hyperthermia Becoming the 4th Cancer 
Treatment Modal i ty ..•.••..•••.••••••.•••••••....•...••. 21 

J. McLaren and P. Pontiggia 

Local Tumor Hyperthermia in the 1990s .••••.•••••••••...•...• 37 
P. Lele 

Consensus of Hyperthermia for the 1990s ••....••....••..•.••• 47 
H. Shidnia 

Micronuclei Assay-A Predictive Variable for Tumor 
Response to Treatment •.••.••.•..•..••••.•••..••••..•••• 51 

H. Shidnia, W. Crabtree, N. Hornback, P. Young, 
M. Hartson and P. Shen 

Instrumentation for Clinical Hyperthermia •••.••••.....•...••. 57 
G. VanRhoon, G. Van den Bos and J. Van der Zee 

The Use of Hyperthermia in Cancer Treatment 
Thermotron RF-8 .••.....•.........•....••...••....•.••.. 79 

R.U and T. Sugahara 

Hea t Shock Proteins ••••.••.•.••.••.•..•....•.•••.•.•••..••••• 95 
B. Giovanella 

Biochemical and Ultrastructural Changes in the 
Hyperthermic Treatment of Tumor Cells ••.•••••....••.... 99 

L. Marcocci and B. Mondovi 

Interstitial Hyperthermia: Technical Problems and 
Methodology .••.•..•..••••.•••.•••••••••.••••......•••. 121 

P. Gabriele, F. Ozzelo, V.Tseroni, E. Madon 
and R. Ragona 

Conductive Interstitial Hyperthermia: A New Modality 
for Treatment of Intracranial Tumors .•••.••.•.••...••• 129 

J. Marchosky, C. Babbs, C. Moran, N. Fearnot, 
J. Deford and D. Welsh 

Hyperthermia for the Treatment of Brain Tumors •••••.•••.••• 145 
R. Page, G. Ricca and F. Dohan 

vii 



Hyperthermia and the Liver •••••••••••••••••••••••••••••••••• 155 
A. Hugander 

Quality control of a Hyperthermia System ••••••••••••••••••.• 161 
A. Sichirollo, G. Zonca and G. Ogno 

Use of Local Hyperthermia for the Treatment of 
Benign Hyperplasia •••••••••••••••••••••••••.••••••••• 167 

A. Yerushalmi 

Extracorporeally Induced Total Body Hyperthermia 
for Disseminated Cancer ••••••••••••••••••••••••••.•••. 177 

S. Koga and M Maeta 

Radiant Heat Systemic Hyperthermia Clinical 
Trials ••••••••.•••.•.•.•.••.••••••.••.•••••••.••..••.• 189 

H. Robbins and J. Cohen 

Whole Body Hyperthermia and Intraperitoneal 
Carboplatin in Residual Ovarian Cancer .•••••••••••.••• 197 

J. Cohen and H. Robbins 

overview of Whole Body Hyperthermia Experience at 
American International Hospital •••••••••••.••••••.•••• 203 

R. Sanchez, R. Levin, Y. Kim, A. Mellijor, M. Doyle, 
W. Simonich and R. Williams 

Hyperthermia and Chemotherapy ••••••••••.••.•••.•••••••.••••• 209 
W. Galen 

Treating Advanced Melanoma with Hyperthermia in a 
Private surgical Oncology Practice •••••••••••••••..•.• 217 

P. Greeff 

The Role of Hyperthermic Perfusion in the Treatment 
of Tumors of the Extremities ••••.••.•••.••••.••..••.•. 223 

F. Filippo, S. Carlini, F. Cavaliere, D. Giannarelli, 
L. Cavallero, F. Moscarelli, L. Aloe and R. Cavaliere 

Development of an Electrical Impedance Tomography 
System for Noninvasive Temperature Monitoring 
of Hyperthermia Treatment .•....•..••.•••..•..•••..•••• 235 

B. Blad, L. Bertenstam and B. Persson 

The Role of Paramedical Personnel in the Field of 
Clinical Hyperthermia: Past, Present, Future •.....•.•. 245 

R. Petty 

Procedures for Improving Therapeutic Gain •...•••••••..••.•.• 251 
S. Osinsky, L. Bubnovskaja and A. Gusev 

Biological Response to Heat ••••••.•••••••••.•••••••...••.••. 271 
P. Pontiggia, J. McLaren, G. Baranzio and I. Freitas 

Perspectives and Hopes for the 1990s •••••••••••••••••.•••.• 293 
G. Pigliucci, B. Iorio, D. Venditti, R. Fiorito, 
V. Vittorini, V. Cervelli and C. Casciani 

viii 



PAPERS 

Control of the Physical Parameters in Local 
Electromagnetic Hyperthermia .......•....•.....•....... 297 

M. Pace, M. Bini and L. Millanta 

Experimental Use of Extensive Pre-cooling of 
Subcutaneous Fatty Tissue in Radiofrequency 
Capacitive Heating ...•....•....•..•.....•............. 305 

G. Van Rhoon, J. Van der Zee, M. Brockmeyer
Reuring, P. Kansen, A. Kuijs, A. Visser, and 
H. Reinhold 

Four Element computer Controlled 432 MHZ Phased Array 
Hyperthermia System .......•....•...................... 311 

N. uzunoglu, K. Nikita and N. Maratos 

Results of Deep Body Hyperthermia with Large 
Waveguide Radiators .............•.......• ~ ............• 315 

J. Van Dijk, C. Schneider, R. Van Os, L. Blank 
and D. Gonzalez 

Superficial and Intraurethral Applicators for 
Microwave Hyperthermia ........•.............•......... 321 

P. Debicki, E. Okoniewska, and M. Okoniewski 

Tripas: A Triple Applicator System with Relocatable 
"Hot spot" at Tissue Depth ....•..•.................... 327 

H. Bicher, S. Afuwape, R. Wolfstein, D. Bruley and 
K. Reesman 

Noninvasive Measurements in Hyperthermia: 
Radiometry and Previsional Thermometry ....•........... 345 

G. Sannazzari, P. Gabriele and E. Mandon 

Local Hyperthermia for Superficial and Moderately 
Deep Tumors-Factors ~ffecting Response .......•......•. 353 

H. Bicher and R. Wolfstein 

Ultrasound and the Blood-Brain Barrier ...•.......•...•...... 369 
J. Patrick, M. Nolting, S. Goss, K. Dines, 
J. Clendenon, M. Rhea and R. Heimburger 

Clinical Experience with Local Hyperthermia in 
Rotterdam ...•..•.•....•.•..•.•......•................• 383 

J. Van der Zee, G. Van den Berg, A. Treuniet-Donker, 
M. Broekmeyer-Reurink, A. Kuijs, G. Van Rhoon, 
W. Van Putten and H. Reinhold 

Whole Body Hyperthermia Experience in Breast Cancer at 
American International Hospital .....••................ 387 

R. Levin, R. Sanchez, Y. Kim, A. Mellijor, 
M. Doyle, W. Simonich and R. Williams 

New Clinical Aspects of Whole Body Hyperthermia .••.......... 393 
K. Eisler, R. Hipp, S. Gogler and J. Lange 

Thermal Induction and Temperature Control in 
the Hyperthermic Antiblastic Regional Perfusion 
with Extracorporeal Circulation ...••..••..•..•••...... 399 

M. Pace, A. Filomena and A. Galli 

ix 



Centered Radio-frequency Hyperthermia in Solid Tumors ...•••• 405 
G. Bazzocchi, F. Spadoni, M. Zambelli, A. Camporesi, 
S. Bazzocchi and A. Saragon 

Local Hyperthermia for Deep Tumors .•••..•••.•.••••..•••..•.• 411 
H. Bicher and R. Wolfstein 

Thermoradiotherapy of Deep Seated Tumors of the Pelvis 
with the APA and Sigma Applicator •••••.•••.••.•.....•. 423 

H. Feldman and M. Molls 

Intracavitary Hyperthermia Combined with HDR 
After Loading Irradiation in Vaginal Recurrences 
of Cervical Carcinoma •.•••••••••••••••••••••••••••.••• 429 

S. Parisi, A. Raguso, M. Portaluri, A. Maiorana 
and P. Antisari 

Local Microwave Hyperthermia and Benign Prostatic 
Hyperplasia Induced Bladder Outlet Obstruction •••••••. 433 

P. Rigatti, G. Guazzoni and F. Montorsi 

Thermoradiotherapy of Pelvic Tumors with the BSD 2000 ...•.•• 439 
M. Notter, N. Schwegler and H. Burkard 

Radiosensitizing Effect of Hyperthermia in Radioresistant 
Tumors ••••••••••••••••••••••• ~ •••••••••••••••...•.•••• 449 

W. Burkard, M. Notter, N. Schwegler 
and H. Fritz-Niggli 

Hyperthermia and Hyperglycemia in Tumor Therapy •..•••..••..• 457 
S. Osinsky, V. Protsyk, A. Gusev, L. Bubnovskaja 
and A. Cheremnych 

Enhancing Thermoradiotherapy Efficacy by Hyperglycemia ••.••• 463 
S. Yarmonenko, S. Kozin, E. Voloshina, 
N. vinskaya and G. Goldobenko 

Influence of Hyperthermia on Experimental Viral 
Infections in vitro ••••••••••••••••••••••••.•••...•... 471 

W. Panasiak, A. Oraczewska and M. Luczak 

Immunotherapeutical Strategies in Cancer Patients ••••••••••• 477 
I. Munno, C. Simone, V. Covelli, E. Jirillo and 
S. Antonaci 

Coley Toxins - The First Century •••••••••••••••••••.•••••••• 483 
H. Coley-Nauts and J. McLaren 

Generation of Non MHC Restricted Cytotoxic Immune 
Responses: Effects of "in vitro" Hyperthermic 
Treatment •••••.••.••••••••••••••••••••••••••••.••.•••• 501 

G. Spagnoli, C. Ausiello, G. Sconocchia, C. Amici, 
G. Antonelli, G. Sciortino, V. Cervelli and C. Casciani 

Responses of Immune System to Hyperthermia •.••••••••.•••••.• 507 
Z. Olkowski and W. Jedrzejczak 

Perspectives for the Combined Use of Photodynamic Therapy 

x 

and Hyperthermia in the Cancer Patient ••••••..•••••••• 511 
I. Freitas, P. Pontiggia, G. Baronzio and J. McLaren 



Assessment of Combined Thermoradiotherapy in Recurrent 
Advanced Carcinoma of the Breast ...................... 521 

L. Rui-yung, L. Shi-yin and Tian-ze 

Local Hyperthermia for Treatment of Advanced Prostatic 
Carc inoma •....•...........•.................•......... 525 

T. Lotti, V. Altieri, V. Mirone, N. ottaviano and 
A. Russo 

An Overview of the Role of Radiation Therapy and 
Hyperthermia in Treatment of Malignant 
Melanoma .................••.•.....•................... 531 

H. Shidnia, N. Hornback, R. Shen, R. Shupe 
and M. Yune 

Clinical Relevance of Heat Shock Proteins ................... 547 
A. Delpino, E. Mattei, A. Mileo and U. Ferrini 

INDEX ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 559 

xi 



CLINICAL USE OF REGIONAL HYPERTHERMIA 

Haim I. Bicher and Ralph S. Wolfstein 

Valley Cancer Institute 
14427 Chase St., S4ite 204, Panorama City, CA 91402 

For cancer control rates to significantly improve, increase 
in complete local control of the primary tumor is an 
important factor(l). That distant metastasis can originate 
from uncontrolled local tumor cells has been repeatedly 
demonstrated, as in the results of adjuvant trials in breast 
cancer: Post operative radiotherapy reduced the frequency of 
distant metastasis equally as well as adjuvant chemotherapy. 
Radiation therapy proved to be actually better in post 
menopausal patients, includin9 those given tamoxifen, which 
improved disease free survival in the chemotherapy group but 
not in the radiotherapy group (2). 

Attempts to improve local control by giving higher 
irradiation dosage are frustrated by normal tissue damage, 
although achieving improved complete response (CR) rates as 
reported in the RTOG lung cancer studies,* CR with 75 Gy 
were 38.6%, 60 Gy 24.7%,and 50 Gy 23.1% (3). Attempts to 
gain therapeutic advantage by distinguishing tumor from 
normal tissue, primarily by altering or utilizing relative 
hypoxia of tumor, are ongoing (4). 

Hyperthermia combined with definitive irradiation has 
achieved a more profound therapeutic advantage, both as to 
initial response and persistance of response than any other 
attempts at modification of standard radiotherapy. Reported 
long term results (5)in patients with multiple neck node 
metastases from squamous cell carcinoma of head and neck 
given 40 - 70 Gy·· with or without hyperthermia showed 
increased CR rates from 42% to 79%, a thermal enhancement 
ratio (TER) of 1.88. Persistance of CR at 2 years was 73 % 
with hyperthermia vs. 33% without. Another series also 
reporting results (6) in 31 patients with similar neck node 

Abbreviations used: 

Consensus on Hyperthermia for the /990s 
Edited by H. I. Bicher et at. 
Plenum Press, New York, 1990 

CR=Complete Response, PR=Partial 
Response, NR=No response, SD=Stable 
Disease 



recurrence of head and neck cancer or chest wall recurrence 
of breast cancer indicated that tumor regression of heated 
1 e s ion s was m 0 r era p i d t han with . r a d i 0 the rap y a 1 0 n e, with at 
least partial response at completion of treatment in 97% of 
patients given hyperthermia versus 58% of controls. 
Recurrence rate after two year follow up was calculated to 
be 0.03 per lesion at risk per 6 month interval in heated 
areas vs. 0.2 in control areas receiving radiotherapy only. 
In neither study (5,6) d.id the addition of heat cause any 
increase in early or late radiation effects in normal 
tissue. 

Other publications comparing results of hyperthermia 
combined with radiotherapy with the same dose of 
radiotherapy alone have also shown a TER of about 2. In 
series reported from 18 institutions throughout the world 
using various schedules and techniques of both hyperthermia 
and irradiation for over 2000 tumors of various types and 
sites, TER ranges from 1.16 to more than 6, with a mean of 
1.88 (5 - 27, 97) (Table 1). Survival after treatment of 
locally recurrent tumors has been shown to correlate with 
sustained CR. Two to 3 years after radiotherapy alone CR 
was 35%, and survival 32% while after combined treatment Cr 
was 72%, and survival 67%(6,16). 

TABLE l. Complete Response To Irradiation (RT) Alone 

Versus RT And --- Hyperthermia (HT) 

Author Evaluable RT RT 
Patients Alone And HT 

------ --------- ------
Arcangeli (5 ) 163 38% 74% 
Scott ( 6 ) 62 39% 87% 
U (7) 14 14% 86% 
Kim (8,9) 238 39% 72% 
Overgaard ( 10) 101 39%. 62% 
Corry 11) 33 0 62% 
Hiraoka ( 12 ) 33 25% 71% 
Li ( 13) 124 29% 54% 
Hornback ( 14) 79 46% 72% 
Shidnia ( 15 ) 185 33% 64% 
Perez ( 16 ) 154 41% 69% 
Van Der Zee ( 17) 71 5% 27% 
Steeves ( 18) 90 31% 65% 
Dunlop ( 19 ) 86 50% 60% 
Goldobenko (20 ) 65 86% 100% 
Muratkhodzhaev(2l) 313 25% 63% 
Lindholm ( 22) 85 25% 46% 
Valdagni (29 ) 78 36% 73% 
Emami (24) 116 24% 59% 
Marmor (25) 15 7% 47% 
Gonzalez (26,27) 46 33% 50% 
Sugimachi ( 97) 129 52% 80% 
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In other clinical studies published since 1977, the value of 
hyperthermia as an adjunct to radiotherapy in the treatment 
of superficial tumors has been affirmed (28 - 41). 
Hyperthermia for this purpose has been considered standard 
treatment since 1984. Hyperthermia has a direct cytotoxic 
and microcirculation effect, as well as enhancing the effect 
of irradiation, but results with hyperthermia alone are 
relatively poor with resoonse rates of less than 60% 
primarily PR (11,19,39-41). 

Most authors have reported no increase in acute or chronic 
normal tissue reaction in the radiation field with combined 
treatment as compared to the in same dose of radiotherapy 
given without hyperthermia, with the exception of thermal 
burns variously reported to occur in 5- 24% of treated 
patients. A few have found increased skin changes with 
combined treatment related to giving hyperthermia within a 
few minutes of high dose per fraction radiotherapy (43-45) 
or to heating normal tissue to more than 45 degrees Celsius 
(46) . 

Table 2 analyses results summarized in Table 1 to show 
results for the most commonly treated superficial tumors: 
chest wall recurrence of adenocarcinoma, neck node 
metastasis of squamous cell carcinoma and melanoma. 

Table 2. Complete Res~onse ~ Tumor ~ And Site 

Type - Site References Evaluable RT RT 
Tumors a lon.'> and HT 

----------- -------- --------- ------
Chest Wa 11, 6,13,16,19,22, 227 33-67% 70-94% 
Adeno (42%) (79%) 

Neck Nodes, 6,20,23,42 200 22-86% 9-100% 
Sq. Ce 11 (53%) (87%) 

Melanoma 5,9,15,24,26,43 575 17-57% 59-90% 
37%) (68%) 

Factors affecting response have been analyzed by several 
groups. Tumor histology does not appear to be an important 
factor; therefore hyperthermia is particularly indicated for 
treatment of radioresistant tumors such as melanoma and 
sarcoma. Likewise local control does not depend on tumor 
site, so long as adequate heating is technically 
feasible (35,47). Tumor size has been shown to be a 
significant factor undoubtedly related to limited 
penetration of single applic?tor microwave equipment (3cm at 
915 MHz, 4 cm at 300 MHz) anr. less homogeneous heating of 
larger tumors. CR rates for larger tumors (over 4 cm 
diameter) have been found to be significantly inferior 
(9,12,26,42,46,47). However, for patients given full dose 
radiation tumor size was not significant (23). Since tumor 
size is also a negative prognostic factor in radiotherapy, 
adjunct hyperthermia appears paradoxically to be relatively 
more important for control of larger tumors. 
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Tumor response is better when radiation is increased from 20 
- 30 Gy to 32 -45Gy (35,47,48,49) but not significantly 
further improved with full dose irradiation in the 50 - 75 
G Y ran 9 e a s com m 0 n 1 y g i v e n p r'e v i 0 u sly u n i r r a d i ate d tum 0 r s 
(35). Not surprisingly, response correlates with ability to 
heat the tumor. Attempts to document this relationship and 
in particular to establish a thermal dose based on time
temperature isoeffect have had only moderate success. 
Temperature measurement is still primitive, employing 
thermometry probes inserted in tissue which adequately track 
only a small portion of tumor and tumor bed. In clinical 
practice it is generally agreed that minimum measured tumor 
temperature should remain at 42 degrees Celsius for at least 
30 minutes while keeping normal skin below 45 degrees 
Celsius, which is the temperature at which pain and thermal 
burns occur. Considering multiple reports, mlnlmum tumor 
temperature seems to be the best predictor of response 
(47,49,50). 

In contrast, there is no agreement as to the optimal number 
of hyperthermia sessions, with abundant contradictory 
reports. Most clinics, including our own (28,29,35) have 
given hyperthermia twice a week, 'empirically based on the 
well established phenomenon of thermotolerance, defined as 
transient increase in resistance to a second heat 
application. In vitro studies show decay of thermotolerance 
over 30 - 72 hours (51), while in vivo data suggests 
resistance of both normal and cancer tissue to a second heat 
insult may persist even at 8 - 14 days (52). Thus even with 
weekly treatment only the first hyperthermia session should 
prove fully effective. A mitigating factor is that 
thermotolorance persists longer in normal than tumor tissue 
(52,53), related to partial inhibition of thermotolerance at 
low pH(55). Tumors have low pH, further reduced by 
Hyperthermia (55). 

In clinical practice the influence of thermotolerance 
remains unclear. Results analyzed by number and frequency of 
hyperthermia treatments generally ignore other factors, such 
as radiation dose and fractionation. For superficial tumors 
relation of complete response rates to number of 
hyperthermia have variously been reported as inverse 
(56,57), equal (12,58), direct (33,59,60) or ambiguous 
(23,29,46,61)(Table 3). 

For treatment of deep tumors, analysis of results from 
various institutions (Table 4), one, of which did a 
retrospective comparison of 2 per week versus 5 per week 
treatment (61), show a clear advantage for a greater number 
of hyperthermia treatment sessions (14,35,61-67)(Table 5). 
Several authors have stated that thermotolerance does not 
appear to be a significant factor in cancer treatment, based 
on their clinical data (47, 60, 62,68). 

Deep Hyperthermia has a significant effect in combination 
with both radiotherapy and chemotherapy. The CR rate for 
deep treatment is far less than for superficial 
hyperthermia, with some interesting exceptions such as 
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Table 3 

CR Rates For Superficia 1 Hyperthermia ~ Thermal Dose - -----
Author S ite/ # pts/ # Treatments CR % 

Type tumor wk Total 
------ ------ -------------
Kim ( 56) Melanoma 50 1 6 74 

2 10 59 
Alexander (57) r~ultiple 48 1 4 42 

2 8 21 
Hiraoka ( 1 2 ) Multiple 40 2 2-7 50 

2 8-12 53 
Kapp ( 58) Multiple 38 1 2 68 

2 6 63 
Lui< (33 ) Multiple 2 481-720min 38 

2 721+min 75 
Arcangeli (59 ) Multiple 23 1 5 64 

2 10 78 
Leopold ( 60) Sarcoma 17 1 avg.4.4 38 

2 avg.7.3 100 
Bicher ( 29) Multiple 121 2 8 65 

Bicher ( 61) Multiple 154 2 10 41 
5 25 55 

Valdagni (23) Neck 17 2 2 85 
2 6 80 

Valdagni (46 ) Neck 27 2 avg. 5.7 40 
3 avg. 5.7 71 

Table 4 
Hyperthermia For Deep Tumors 

Author Site # pts #tx Response 
CR (%) PR(%) 

------ ------ -------------
Howard ( 63) Pelvis 20 1- 7 1 ( 5 ) 5 ( 25) 
Hiraoka ( 67) Multiple 40 4-13 6 ( 15 ) 19(47) 
Petrovich(64) Multiple 353 1-8 35(10) 59(17) 
Shimm ( 65) Multiple 44 1-7 6 ( 14 ) 5 ( 11) 
Storm (62 ) Multiple 960 (AvQ.12) 85 (9) 268(28) 
Baker ( 66) Multiple 107 9-15 17(16) 56(52) 
Hornback(14) IIIB Cervix 18 22-25 13(72) 
Bicher ( 6 1 ) Multiple 29 10 5 ( 17) 9 ( 31 ) 
Bicher ( 6 1 ) Multiple 92 25 19(21) 48(52) 
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#Tx 

1 - 8 
9 - 15 

25 

Table 5 

Literature Summary Results 

Response vs. Number Qi Hyperthermia Treatments 

~ ~ Tumors 

#Patients 

417 
1136 

110 

CR+PR(%) 

27 % 
41 % 
73 % 

CR 

42 
113 

32 

PR 

69 
35 
48 

definitive treatment of Stage IIIB cervix cancer (14) in 
which CR after irradiation alone was 48% versus 72% with 
combined treatment, or other deep lesions (lung, prostate, 
esophagus) (51). For superficial lesions (breast, head and 
neck) CR was also 71% (61). However, most series report a 
relatively poor CR rate for deep tumors probably related to 
the fact that most deep treatment has been for palliation in 
patients with bulky metastatic disease and perhaps also that 
heating to temperatures generally considered therapeutic has 
been less consistently achieved than in superficial tumors. 
At least 42 degrees Celsius has been obtained in 40 % (62) 
to 78%(63) of deep tumors in published reports that specify 
tumor temperature. Surprisingly response has not been shown 
to correlate well with minimum tumor temperature for deep 
tumors, CR + PR 34% at less than 42 degrees versus 38% at 
more than 42 degrees (64), and 69% under 43 degrees versus 
53% over 43 degrees (67). 

Regional deep treatment using magnetic induction 
(Magnetrode, Henry Medical Electronics, Los Angeles, CA.) 
(62) or Annular Phased Array (BSD Medical Corporation, Salt 
Lake City, UT) (64) has been associated with poor patient 
tolerance and compliance. Significant reaction (pain or 
systemic stress) occurs in 45% of patients treated with the 
currently most commonly used equipment (64). Local deep 
treatment using parallel opposed 300 MHz external 
applicators (POPAS, HBCI, Panorama City, CAl (61) has in 
contrast been quite well tolerated, with moderate 
perspiration but otherwise not different from superficial 
treatment. 

Based on their gratifying clinical data, several authors 
have stated that hyperthermia treatment of deep tumors 
should no longer be considered investigational (61,62). 

Investigation of the timing of hyperthermia and irradiation 
fraction indicates significant synergy at a separation of up 
to four hours or more(lO). Although in vivo studies show 
maximal interaction with simultaneous treatment, two authors 
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have reported clinical studies comparing hyperthermia within 
30 minutes of irradiation versus delay of 3-4 hours, with 
improved therapeutic gain using the latter regimen (43,45). 
While most groups have given hyperthermia following the 
radiation fraction, results using the reverse sequence have 
been similar (11,37,56). 

The interaction of heat and chemotherapeutic agents has been 
extensively studied in vivo (69,70), since Hahn reported in 
1975 that commonly used drugs show increased cell killing at 
increased temperatures (71). Such interaction is quite 
complex, however. Various mechanisms of action have been 
identified. Timing can be critical but differs with the 
agent; for instance Adriamycin and Actinomycin cytotoxicity 
is either inhibited or enhanced depending on when heat is 
applied. 

The groups that compared chemotherapy alone with the same 
dose of the same drugs plus local or regional hyperthermia 
(72-75) all found significant increase in tumor response 
using combination treatment. No studies comparing 
hyperthermia alone with thermochemotherapy have been 
reported, and the benefit of adding chemotherapy to the 
hyperthermia regimen has not been established. The few 
reports including results in patients treated with 
hyperthermia combined with chemotherapy show fairly good 
tumor response rates but less than with hyperthermia and low 
dose irradiation and not clearly synergistic (60,62,76-84). 
Results in patients who had previously failed the same 
chemotherapy given without hyperthermia were equivalent to 
those who had not (62). Addition of immunostimulative agents 
to thermochemotherapy significantly increased survival (79). 

Interstitial hyperthermia, employing the same implant 
techniques well established for endocurietherapy, has 
achieved higher and more uniform tumor temperatures as well 
as better response rates, particulary CR, than external 
(37,85) or intracavitary heating techniques (84). The 
limited published clinical experience using interstitial 
hyperthermia, all combined with endocurietherapy given to a 
total dose of 20 - 60 Gy, is summarized in Table 6 (37,85-
92). All authors using interstitial hyperthermia combined 
with endocurietherapy agree that successful results depend 
on heating of the entire tumor to a minimum of 42 degrees 
Celsius with adequate implant geometry to include the 
complete tumor volume. Complications related to tumor 
necrosis occurred in 21% to 38 % of treatments, similar to 
endocurietherapy alone. Therapeutic advantage of combined 
treatment is suggested in comparison with historical 
controls (86), but no significant improvement over 
endocurietherapy alone has been claimed. 

Preliminary results of hyperthermia for brain tumors are 
quite promising, safe, with palliation and surprising 
prolongation of survival. Three groups have used various 
techniques of interstitial hyperthermia alone in a total of 
38 patients (93-95), while two have used external 
hyperthermia in 29 patients either alone (96) or with 
chemotherapy (97). 
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Analysis of hyperthermia treatment results for deep seated 
tumors from published data that specify site specific tumor 
response is shown in Tables 7,8 and 9. Tumor response rates 
range from 36% in the abdomen to 52% in the pelvis, but 
there is much wider variation among various institutions 
treating the same area, 18% to 71 % in the abdomen. One 
significant variable factor appears to be t9chnique. In both 
chest and pelvis response rates have been better with 
intracavitary than external treatment (99, 74, 105 - 107), 
as also shown by Bicher (85), who found CR + PR 89% with 
interstitial, 87% with intracavitary, and 56% with external 
hyperthermia. In more recent reports, however, Bicher 
(61,98) has reported 78% Cr + PR in the pelvis and 74% in 
the chest using external treatment, most patients given 
daily hyperthermia for five weeks. 

Table 6 

Interstitial Hyperthermia Tumor Response 

Author # treated CR 
------ ---------

Oleson (37) 52 38% 
Puthawala ( 86 ) 43 86% 
Cosset ( 87) 23 83% 
Emami ( 88 ) 48 52% 
Bicher ( 89 ) 9 78% 
Surmit (90 ) 12 48% 
Vora ( 9 1 ) 16 68% 
Lam ( 92 ) 31 61% 

The vast majority of hyperthermia trpatment has been for 
previous treatment failure or metastatic disease. The few 
reports of primary external treatment for locally advanced 
cancer are quite promising, with complete local control in 
the 70% - 80 % range for both superficial lesions, as 
previously mentioned, and for deep seated primaries of 
cervix (14) and lung (67,98). For pancreatic primaries 
complete control is rare, but significant tumor regression 
with prolonged survival has been achieved by hyperthermia 
combined with radiotherapy or chemotherapy (79,101). 
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Table 7 

H~Qerthermia For Intrathoracic Tumors 

Authors Site Technique # CR PR SO CR+PR 
------- ---------

Bicher (98) All External 39 10 19 4 74 

Storm (62 ) Lung External 147 9 38 57 32% 

Baker (66 ) All External 10 0 7 NS 70% 

Sugimachi (99 ) Esoph Intracav 25 6 14 NS 80% 

Petrovich (lOO) All External 19 2 4 7 32% 
----------------------------------------------------------------------------------------~---------

TOTAL 240 45% 

Table 8 

H~Qerthermia For Abdominal Tumors 

Authors Site # CR PR SO CR+PR 
-------

Bicher ( 101 ) Pancreas 14 1 9 2 71% 
Liver 36 4 13 8 47% 

Petrovich ( 100) Liver 28 1 12 8 46% 
Other 62 2 30 8 64% 

Storm (62 ) Liver 304 8 51 117 19% 
Other 156 9 51 44 38% 

Baker ( 66) Liver 14 0 9 NS 64% 
Other 17 0 5 NS 29% 

Sapozink ( 102) All 28 0 5 NS 18% 

Moff a t (78 ) Liver 215 0 106 18 49% 

--------------------------------------------------------------------------------------------------

TOTAL 874 36% 
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Table 9 

Hyperthermia For Pelvic Tumors 

Authors Site Technique # CR 
------- ---------

Bicher ( 6 1 ) All External 32 9 

Petrovich( 100) All External 55 4 

Storm (62 ) All External 156 17 

Baker (66 ) All External 28 

Sapozink (103) All External 39 5 

Howard (63 ) All External 20 

Ste i ndorfer( 104) All External 15 2 

Shimm (65 ) All External 32 5 

Hornback ( 14 ) Cervix External 18 13 

Kubota ( 105 ) Bladder External 33 14 

Szmigielski(l06)Prostate Intracav 15 3 

Yerusha lmi (107) Prostate Intracav 32 14 

Fujiwara (74 ) Vagina Intracav 42 6 

PR SO CR+PR 

16 5 78% 

33 13 67% 

60 56 49% 

19 NS 71% 

14 NS 49% 

5 6 30% 

6 4 53% 

3 NS 25% 

NS NS 72% 

10 NS 73% 

5 NS 53% 

13 NS 84% 

22 10 67% 
----------------------------------------------------------------------------------------------

TOTAL 517 52% 

Stable disease is an important tumor response category, not 
only because most of these patients have significant 
palliation and subjective improvement, but also because many 
tumors that fail to regress and are subsequently resected 
are found to contain no viable cancer cells (108). 

The phenomenon of abscopal response with hyperthermia 
treatment has been specifically noted by two groups 
(106,109). Of 3 patients with bone metastasis who responded 
to intracavitary hyperthermia for locally progressive 
prostate cancer and followed at least one year, 2 showed 
complete disappearance of lesions documented by bone scan 
after 12 and 18 months(l06). Several patients with melanoma 
locally recurrent in a limb as well as metastatic showed 
complete regression of all lesions following heated 
chemotherapy perfussion of the limb (109), with disease free 
survival at follow up for up to 15 years. Abscopal response 
presumably is related to stimulation of immune response, 
which has been demonstrated to occur after hyperthermia 
treatment (109). 
The future of hyperthermia in cancer treatment appears most 
promising and exciting, but this has been true for years and 
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progress has been frustratingly slow. Most hyperthermia is 
still given at university centers. While there is a clear 
need for further well designed and well conducted 
prospective controlled clinical trials, hyperthermia needs 
to be more widely utilized in community oncology practice. 
Further research and development of hyperthermia equipment 
and thermometry is also needed; but current imperfect 
techniques of hyperthermia treatment provide significant 
clinical benefit. 

Clinical data available now, as discussed herein, have 
established hyperthermia as safe and effective for tumors at 
any site, even including the brain. There should be no 
trepidation in using hyperthermia for treatment of any 
malignant tumor. Specific indications for hyperthermia are 
summarized in Table 10; but simply stated, hyperthermia is 
appropriate treatment for any patient with cancer unlikely 
to be adequately controlled by the other standard modalites 
- radiotherapy, surgery or chemotherapy. 

Table 10 
Indications For Local/Regional Hyperthermia 

Combined With Best Available Chemotherapy Or Irradiation 

A. Local Failures Or Recurrence 
1. Breast, Chest Wall, Bone (Lung Liver) 
2. Head and Neck 
3. Skin (Advanced Basal Cell) 
4. Perineal 

B. Regional Failure Or Recurrence 
1. Pelvis 
2. Neck 
3. ~lediastinum 

C. Metastasis 
1. Lung, Pleura 
2. Liver 
3. Bone (With Chemotherapy-Avoids Excessive Radiation 

To Marrow) 

D. Advanced Stage Primaries (III Or IV) 
1. Head and Neck 
2. Esophagus 
3. Pelvis (Colon - Uterus - Cervix - Bladder - Prostate) 
4. Pancreas 
5. Stomach 
6. Breast (Including Inflammatory) 
7. Brain (Superficial Tumors) 

E. Special Histology 
1. Melanoma 
2. Sarcoma 
3. Adenoidcystic Carcinoma 

F. Patient Refusal Of Other Modalities 
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Only about 10% of our patients have previously untreated 
advanced primary disease (61), yet it is for these patients 
where hyperthermia can have the greatest impact on disease 
free survival. Future clinical trials will hopefully 
evaluate the potential benefits of adding hyperthermia to 
the treatment regimen of stage I and II malignancies. It is 
not unlikely that thermoradiotherapy will be shown to 
improve disease free survival for those patients as well as 
for those afflicted with more advanced disease. 

Hyperthermia in the 1990's will undoubtedly become an 
accepted cancer treatment modality, widely used in community 
pratice, while research will continue at university and 
specialized centers. The main obstacle to accomplishing 
this objective is education, both of oncologists and 
me d i cal s p e cia li s t s , as well as the pat i-e n t pop u 1 at ion, 
which anxiously awaits the introduction of less toxic, 
scientifically developed effective cancer therapies. 
Hyperthermia has been all that, and will occupy its place in 
the next decade. 
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At and following the International Symposium of 
Hyperthermia, sponsored by the American College of Radiology 
at Baltimore in 1978, there was much optimism based upon 
biological and physical data that heat as the fourth modality 
for the treatment of cancer would evolve. In spite of firm 
foundations for the clinical use of heat and in spite of 
extensive engineering toward the application of space age 
technology to adequately heat cancer patients and with 
financing from several sources many questions remain 
unanswered. Many investigators previously guardedly 
optimistic have gradually become disappointed and somewhat 
pessimistic, and financing has tightened over the past decade. 
Much of the present clinical work, due to equipment 
limitations, is directed largely to more superficial cancers 
most available to surgery and radiation for definitive 
treatment. Many are asking "Wither hyperthermia in the 
1990's?" 

The discovery of fire eons ago increased the available 
world's food supplies at quantum levels thereby catalyzing the 
exponential growth of the world population and the available 
heat was utilized at least 2000 years ago (Rawajawa) in hopes 
of curing some of these by use of cautery. Hopefully 
sufficient advances can be realized as we enter the final 
decade of this century to fulfill this 2000 year dream. This 
book has been compiled by a number of noted scholars with 
expertise in the field of hyperthermia to form a consensus for 
the potential advances of hyperthermia into the 1990's. Much 
of the remainder of this chapter will be devoted to the 
summary of the fundamentals of hyperthermia as of the late 
1980's so that the various authors need not repeat some of 
these basic facts upon which their work and predictions are 
based. 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bicher et at. 
Plenum Press, New York, 1990 
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increasing knowledge as to the specific defects of the 
immunocompetence found in cancer patients hopefully a rational 
application of hyperthermia to improve such patient's 
immunocompetence can be developed. 

TECHNIQUES OF DELIVERING HYPERTHERMIA 

Many believe that cancer is basically a systemic disease and 
therefore any rational treatment plan must treat the whole 
body. It may be that Mother Nature's use of fever may be an 
effective systemic procedure. Due to the inherent toxicity of 
total body treatment (core temperature should not exceed 
41.8oC for the usual treatment interval), other investigators 
have preferred more intense heating (at least 43.0oC) in hopes 
of sterilizing the local tumor area while stimulating a 
favorable immune response to effect some systemic benefit. 
Inherent in many heating systems is the fact that the borders 
cannot be sharply defined and therefore local heating actually 
becomes enlarged into a regional pattern which can be 
beneficial since many cancers spread early in continuity. 

A number of systems, many complex and expensive, have been 
developed to heat patient's total body in hopes of producing a 
cure. Some of the early methods were somewhat primitive and 
consisted of simply emerging a patient's body into a heated 
tub of paraffin (later an investigator who experienced a 
leakage of paraffin onto two laboratory floors substituted 
water) with only the head emerged. Frequently the patient 
needed to inspire heated gases to obtain adequate 
temperatures. Earlier (1935) Warren, heating systemically by 
enclosing the body in a cabinet with carbon filament lamps and 
radiofrequency diathermy, was able to reach temperatures of 
410C to 430C with evidence of tumor regression and relief of 
symptoms. Tested for systemic heating has been all types of 
environments which can be temperature controlled such as iron 
lungs, space suits, blankets, and more recently, infra-red 
chambers (discussed by Dr. Robins in a later chapter) • Some 
have used space age technology to control the body core 
temperature within a tenth of a degree Celsius by 
extracorporal perfusion in which the patient's blood is heated 
and then returned to maintain a desired temperature (Dr. Koga 
discusses this technique in a later chapter). Extensive data 
8,9,10 has been collected showing enhanced responses when heat 
is added to perfused cytostatics into extremities with 
malignancies. Some investigators, knowing that if sufficient 
wattage is wrapped about the patient, the body's mechanism for 
dissipating heat can be overcome and the patient can be 
maintained safely in a state of therapeutic hyperthermia with 
conventional hyperthermia equipment more frequently used for 
regional heating. An equal effect may be obtained if a 
somewhat lower temperatures are maintained for a longer period 
of time. Hence, a number of investigators have recommended 
that the core temperature be reduced to less toxic levels but 
maintained for hours. 

Various forms of electronic equipment have been used in 
attempts to heat tumors at some depth. These include 
radiofrequency, microwave and ultrasonic modalities. Coupling 
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techniques must be employed so as to optimize delivery of 
their energies into the body. They all also suffer from the 
fact that absorption differs amongst various tissues, thus, 
the heating pattern at the depth of the tumor may be quite 
inhomogeneous. So as to adequately heat tumors at a depth at 
which tumors are frequently found (at or beyond eight 
centimeters) attempts are being made to utilize microwaves at 
lower frequencies (there is a greater penetrability at lower 
frequencies) with specially designed antennae with multiple 
fields so as to focus heat at depth with well defined borders. 
As these portals of entry become greater in size and as heat 
diffuses laterally it is better to define such heating 
patterns as regional and not local. 

Unfortunately, all anticancer agents demonstrate toxicity 
against the surrounding normal cells as well as the target 
malignant cells. So as to maximize these toxic effects to the 
malignancy efforts have been made to confine the heat to the 
volume of the tumor similar to what has been done for decades 
in the use of radioactive sources (brachytherapy). This may 
be done in quite a similar manner by the insertion of an 
antenna or electrodes instead of radioactive sources and 
heating these with proper instrumentation with either 
microwave or radiofrequency electromagnetic radiations. 
Another interesting technique is the entrapment or injections 
of magnetic compounds into the area of the tumor which can be 
heated by external sources. By choosing the proper compounds 
which lose their magnetic properties abruptly at a given 
temperature (Curie Point) a method for adequate controlling 
temperatures may be developed.11,12 

There are advantages and disadvantages to each of the 
techniques and methods discussed above. Unfortunately, none 
are optimum, all have inherent deficiencies because Mother 
Nature has been cruel with reference to the physics of 
depositing energy at any depth into the body. Furthermore, in 
order to monitor these patients quality assurance must include 
temperature measurements, not merely at one point but at 
multiple points because of the evidence that responses may 
depend upon the minimum temperature obtained (Oleson) .13 
Efforts have been successful in the development of 
instrumentation permitting use of small catheters which 
measure multiple temperatures along their axis. However, 
these all require minor surgical procedure for their insertion 
which is time consuming and not particularly comfortable to 
the patient. This is particularly true when the patient is 
reminded that this is merely for monitoring purposes and not a 
treatment procedure. In spite of exhaustive attempts to 
develop a non-invasive thermometry system none have proven to 
be practical or sufficiently accurate. If the temperature 
gradient of a heating unit could be sufficiently tight, i.e., 
a rapid falloff of temperature outside the defined beams of 
the modality being used then possibly sufficient cytotoxic 
temperatures could be delivered within the tumor volume with 
relatively nontoxic levels short distances from the tumor into 
normal tissue such that thermometry would not be as necessary 
as it is with today's limited technology. Such technique 
could incorporate also the deposition of energy sufficiently 
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rapid, that the normal conduction of heat would not result in 
over-heating of neighboring normal tissues. 

TUMOR VASCULARITY 

To be discussed later are the biological differences in 
the micro environment of the tumor cells from that of normal 
cells, i.e., increased acidity and nutritional deprivation, 
etc., which render them more sensitive to temperature 
increments which may be due in part to the differences in 
vascularity with tumors as compared to the surrounding normal 
tissues. Westermark was an early investigator to conclude 
that the thermoregulation within tumors was deficient based 
upon his heating of rodent tumors with radiofrequency units to 
450C-50oC which produced marked regression of the tumors 
without damage to the surrounding tissues. Subsequently, 
numerous investigators using a diversity of techniques and 
compounds, i.e., dyes, radioisotopes, etc., have shown blood 
flow and perfusion within tumor tissues to be significantly 
less (2-15%) of that in the surrounding normal tissues, 
therefore, tissue efflux heat less well and act as heat 
sinks.14,15 

Such differences may be explained by the neovascularity 
of tumors which differ markedly from that of normal tissues 
and in many cases permit the differential diagnosis of normal 
tissues from malignant tissues on the basis of angiographic 
studies. Although upon such studies tumors appear quite 
vascular and at surgery bleed profusely, the architecture is 
such that metabolic compounds and heat are poorly cleared from 
such areas. Tumor growth usually lags behind that of the 
proliferating neovascularity which forms under the influence 
of tumor angiogenesis factor. Adjacent venules of the host 
become hyperemic and dilated. As small buds develop into 
small branches forming collectively a tumor capillary network. 
Tumors accelerate their growth only when such networks are 
sufficiently mature to permit blood flow. The vessels in such 
neovascularity angle sharply with much twisting and bending 
with irregular areas of constrictions and dilatations. These 
drain into numerous tortuous sinusoids and patchy areas of 
dilatation leading to further stasis. Frequently such 
capillaries are longer, wider and with greater distances 
between capillaries than that of the normal tissues. Such 
structural differences are important since oxygen can diffuse 
only approximately 150 micron from a capillarY1 as a result 
anaerobic metabolic pathways become more prominent in tumor 
cells at greater distances from capillaries. and also explains 
the observation of Thomlinson and Gray16 that for the human 
bronchogenic carcinoma cores of tumor whose diameters exceeded 
200 micron contained central areas of necrosis. Clinically 
macroscopic necrosis is observed and 99% of the cells are 
hypoxic in tumors over two centimeters in diameter. At the 
normal usual venous pressure of oxygen of 40 rom of mercury, 
the diffusion length of oxygen is less than 100 micron. With 
increasing tumor growth the length and degree of dilatation of 
such capillaries increases disproportionately resulting in 
further stasis of blood at times the extravascular pressure 
may exceed the arteriolar pressures. As a result17,18 with 
increasing tumor weight the blood flow gradually decreases. 
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Such vessels do not respond to adrenal in, histamine or 
acetylcholine Natadze,19 while unfortunately attempts to use 
such physiological differences for clinical advantage have not 
been successful. 

Most tumors may show an increase in blood supply at 
temperature elevation to 400C-410C but at higher temperatures 
blood flow tends to decrease and with further increases there 
is collapse of the micro circulation enhancing the temperature 
differentials of tumors vs normal tissues. 

There are indications that these poorly formed immature 
vascular beds are more sensitive to heat than are the normal 
vascularity. (Sugaar and LeVeen20) found in human lung tumors 
following hyperthermia with radiofrequency hyperthermia for 
one day a reduced flood flow in the capillaries of the tumor 
and dilatation of the efferent vessels. These changes 
progressed to showing degenerative changes with marked 
fibrinoid necrosis within their walls and many were 
functionally and anatomically destroyed. Such necrotic 
vessels were found to be infiltrated with small lymphocytes 
suggesting that in part the effects of hyperthermia is due to 
the actions of T-Iymphocytes. With more intense heating (450C 
or greater for 15-30 minutes with radiofrequency) Storm, et 
al, 21 demonstrated more severe damage of coagulation necrosis 
and vascular thrombosis two weeks following five courses of 
such hyperthermia. 

The erratic and often chaotic vascular patterns of tumor 
results not only in poor diffusion of nutrients but also of 
heat exchange. The small but proven temperature increments 
relative to the surrounding normal structures combined with 
the increased thermosensitivity due to nutritional 
deprivation makes hyperthermia an enticing and viable 
treatment modality. Its synergistic enhancement of the 
response rates of tumor cells to both radiation and 
chemotherapy are well documented. Whether or not any 
therapeutic gain results from such adjuvant combinations will 
depend upon whether or not the associated increased blood flow 
within the surrounding normal tissue undergoing hyperthermia 
gives sufficient increased oxygenation resulting in increased 
radiation damage, or if due to the increased blood flow and 
vascular permeability the concentration of drugs become 
greater in normal tissues. In either case the addition of 
heat may have a negative impact. 

RATIONALE FOR HYPERTHERMIA TREATMENT OF CANCER PATIENTS 

Lambert22 may have been the first to observe a 
differential cytotoxicity to heat between normal cells and 
tumor cells. If heat is to be an effective anticancerous 
treatment modality, like all other agents, it must exhibit 
acceptable toxicity to normal tissues while sufficiently toxic 
to tumors to cause their regression. Westermark5 
demonstrated this differential in 1927 when heating rats with 
diathermy and found that the normal tissues were not damaged 
when adjacent tumors were heated for 180 minutes at 440C or 90 
minutes at 45C producing tumor necrosis. Subsequently many 
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workers23-32 using tissue culture or animal models have been 
able to confirm this. Interestingly, Crile33 found that 
tumors implanted in mice excised immediately after heating 
grew in recipient animals upon transplantation but those so 
transplanted four hours after heating did not grow
suggesting an antitumor immune effect. Later Cavaliere 
demonstrated the same phenomena clinically in his osteosarcoma 
patients. Those whose amputation was delayed for one month 
had less metastases. Crile also later demonstrated several 
caveats of hyperthermia in that he noted when tumors were 
preheated they were less sensitive to further heating 
(thermotolerance) and the tumors could be made more sensitive 
by clarrping the blood supply to the tumor. In Overgaard IS 

work as well as others a relationship was noted between 
temperature and time of exposure. They also reported 
autolytic disintegration of the heat treated tumor cells with 
subsequent proliferation of connected tissue and scarring, 
changes not demonstrated in surrounding normal tissues. 
Giovanella's work demonstrated cell lines acquiring malignant 
potential either in vitro or vivo are accompanied by increased 
sensitivity to heat. LeVeen noted malignant cells heated in 
vitro survival depended not only upon temperature obtained but 
also the time exposed to such temperature. At temperatures 
between 420C and 470C exposure times sufficient to kill 
sarcoma cells (inability to migrate from fragments of tissue 
within a plasma clot) were found to be non-toxic under the 
same conditions to mesenchymal non-tumorous cells. Stehlin, 
et al,34 demonstrated that human normal melanocytes from the 
uvea of the eye were less thermosensitive than human melanoma 
cells. His group then demonstrated similar findings in a wide 
variety of human neoplastic cells and their non-neoplastic 
counterparts. These differentials in thermosensitivity are 
enhanced when such tumors are growing in the host rather than 
in tissue culture.35-37 

Many38-40 have studied the micro environment of tumors 
searching for the various factors which may account for the 
enhanced thermosensitivity. Due to the resultant nutritional 
deprivation from poor blood flow the thermal sensitivity of 
these cells is further enhanced and in the hypoxic and 
anaerobic environment cells have aerobic glycolysis metabolic 
pathways with the formation of lactic acid and increased 
acidity in these tissues. This lower pH is considered by many 
to be an important factor in increased sensitivity. This is 
based on the fact that in vitr040-43 thermosensitivity has 
increased when pH is lowered. The pH is further reduced by 
accumulation of acidic catabolites. Von Ardenne and 
associates44-45 in the early 1970's had attempted to use this 
phenomena by producing hyperglycemia which stimulates 
glycolysis with further production of lactic acid. It is 
felt that hyperglycemia leads to a chain of events resulting 
in cancer cell death through stimulating glycolysis, increased 
lactic acid, decreased intercellular pH, lysosomal damage 
which under the influence of hyperthermia releases hydrolytic 
enzymes resulting in cell death. This hypothesis has been 
tested for a number of years on patients. (Some results are 
discussed later by Dr. Osinski). 
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Recently the biological effects of heat have been 
classified into cytotoxic and radiosensitizing. The 
thermosensitivity of the former is enhanced by nutritional 
deprivation such that these cells may be more thermolabile 
than the normal adjacent environment even if there is no 
temperature gradient. The cytotoxic effect also varies 
markedly amongst human cells and tissues although significant 
differences may not be noted between the malignant cells and 
their normal counterparts. Those cells in the S-phase of the 
cell cycle are more sensitive to heat. Although the cytotoxic 
effect may result in minimal decrease in tumor size much of 
this is due to the death of the S cells which are most 
resistant to radiation, and similar differences are also true 
for hypoxic cells which are more resistant to radiation; 
therefore, making a combination of radiation and heat most 
attractive. Cytotoxic effects of hyperthermia are independent 
of any temporal relationship with radiation and it may be 
dependent upon the rate of heating with temperature and time 
of exposure, cell line, and the preheating history of the 
cells. In contrast the latter type, radiosensitization, is 
dependent upon the temporal relationship of combined 
irradiation. Evidence that heat may impair the ability of the 
cell to repair sublethal radiation damage also makes the 
combination attractive. Heat alone produces immediate 
responses which are short-lived and because many of the above 
factors are also operative when heat is combined with 
chemotherapy tri-modality studies using radiation and/or 
chemotherapy, plus heat have been recoITmended.46-48 

While the preceding section explains the fact that 
temperature gradients exist between tumors and their 
surrounding structures and that under their poor 
microenvironment they may exhibit increased thermosensitivity 
controversy exists as to the possible biochemical site of the 
primary interaction. Much data supports the hypothesis that 
damage to the cellular membrane results in increased 
permeability with the loss of normal osmo-regulatory function. 
It is known that the lipid composition of membranes relates to 
thermosensitivity and that cholesterol is an effective 
regulator of membrane permeability. Compounds such as 
polyamines49 and local anesthetic agents which alter the 
permeability of membranes also influence cellular 
thermosensitivity. The intra tumoral injection of rat tumors 
with procaine50 has potentiated the effects of heat and by in 
vitro studies it has been demonstrated polyamines will inhibit 
the development of thermoresistance within cell lines and 
assist in their overcoming thermal tolerance. Overgaard51,52 
has suggested an intracellular site with increased lysosomal 
enzyme activity with electron microscopy demonstrating an 
increased number of lysosomes within 24 hours of heating 
mammary carcinomas. He suggests that increased acidity 
produces further release of hydrolytic enzymes leading to cell 
death. Yet the DNA extracted from bacteria following heating 
is unable to repair the breakage of its normal structure 
suggesting that the primary site may be more central in the 
DNA. Precise localization of the primary injury which leads 
to cell death will assist during the next decade in the 
development of hyperthermia as a variable competitor for 
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cancer management particularly if agents can be identified 
which will selectively alter cellular membranes or 
intracellular structures to further increase the 
thermosensitivity differential between the tumor cells and 
normal cells. 

HEAT SHOCK PROTEINS 

The human body has proven itself ingeniously adaptive at 
developing protective measures against attacks by many 
potentially har-mful agents. Unfortunately, heat is not an 
exception. Subsequent to Crile' s observation in 1968 that 
preheated tumors became less sensitive to further heating, 
many others have noted thermotolerance which is thought to be 
due to the body's release of heat shock proteins. Many53-59 
studying a diversity of biological systems for equally 
diversified purposes have found the ability of these 
biological systems to develop various degrees of resistance 
with increased temperatures. Development of such 
therrnotolerance should be differentiated from the inherited 
ability to survive high temperatures, i.e., heat resistance. 
Whjle much of this work is in tissue culture or animal models, 
Hahn60 has shown with the use of ultra-sound in patients with 
more superficial tumors following a single heat treatment 
subsequent temperatures required to produce similar responses 
may be as much as 20C greater. Interestingly, Gerner, et 
al,61 has shown that polyamines have the ability to overcome 
such thermotolerance. 

that the body in 
specific proteins, 

Numerous workers have demonstrated 
response to the challenge of heat releases 
"heat-shock proteins", for protection.62-66 
have been identified as having molecular 
68,000 and 70,000 whose functions are 
development of such heat shock proteins may 
the use of chemotherapy.67-70 (This phenomena 
more detail subsequently by Dr. Geovanella). 

These proteins 
weights between 
unclear. The 
be inhibited by 
is discussed in 

Due to the fractionated pattern of radiation therapy, 
hyperthermia, when added, must be integrated with a 
fractionated schedule. There is considerable variation in the 
kinetics and the development of thermotolerance between 
different tissues and attempts to predict this tolerance 
between a given tumor or normal tissue is difficult. 
Apparently the degree of subsequent thermotolerance will vary 
directly with the maximum of the initial heat treatment.71 
To overcome this phenomena, most people recommend large time 
intervals between heat sessions at least 48 hours and many, 
once a week.72 

COMBINED MODALITY TREATMENT - HYPERTHERMIA AND RADIATION 

There are three quite rational reasons as to why the 
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combination of these two agents would be beneficial: 
1) Both agents are cell cycle specific - those in the S-phase 
are more sensitive to heat and most resistant to radiation. 
2) Hypoxic cells, which comprise the major population of many 
tumors, are most sensitive to heat while quite resistant to 
radiation. 

3) Heat has a radiosensitizing effect possibly due to its 
inhibition of the cell's ability to repair sublethal radiation 
trauma. 

Observations by many investigators at many Centers 
throughout the world in past years showed an enhanced response 
of palliation when they combined heat with x-rays. 
Comparisons of the numerous clinical results reported about 
the world indicate that local and regional hyperthermia 
augments the effectiveness of tumor response over that of 
radiation therapy alone even though the studies vary markedly 
as to the type of hyperthermia, fractionation of radiation, 
sequence in timing of the agents, and types of cancers study. 
Selawry, et al,73 has estimated that tumor temperatures 

obtained in much of the early work was between 38-420C and 
then for short intervals of time of 10-20 minutes which is 
inadequate by today's standards. Furthermore, randomized 
trials h~ve not been performed because of the difficulty of 
thermometry and quality assurance. Due to the fact that 
protocols usually call for minimum temperatures of 430C only 
more superficial cancers can be treated due to the limitations 
of present heating units. Unfortunately, one of the few 
randomized trials, RTOG Study, concluded there is not a 
significant difference with the addition of heat to radiation. 
Numerous critiques of this study have been done. Analysis of 
those lesions under three centimeters in diameter revealed 
significant benefit by the addition of heat. Again, in spite 
of the enormous amount of works comparing the combined use of 
heat and radiation, much controversy persists as to whether or 
not radiation should precede or follow the delivery of 
hyperthermia, the doses of both agents, and the frequency of 
thermotherapy. The latter is important because of the release 
of heat shock proteins and the opinion by many that 
development of thermotolerance which may last for several days 
to as many ten days. 

TO determine the effectiveness of such combination 
therapy, comparisons have been made of that dose of radiation 
alone necessary to produce the same response as a dose of 
radiation combined with heat. (TER). Overgaard using his own 
work and extensive literature review has calculated such TER'S 
for a number of cancers, many in the range of 1.5 and that of 
melanoma approximately 2.0. This enhancement gain without 
corresponding increased toxic effect upon the surrounding 
normal structures one should anticipate as we go into the 
1990's, particularly for certain specified melanomas, heat 
will be mandatory to the adjuvant management of melanoma. 
(Dr. Shidnia discusses this in more detail in a subsequent 
chapter). 
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CONCLUSIONS 

In the opening paragraphs of this chapter, justification 
was given for some increasing pessimism and lack of funding 
over the past decade concerning the potential use of 
hyperthermia. In spite of the sound basis for this pessimism, 
there are early indications that during the next decade, 
opinion may again swing from its nadir to levels of optimism. 
Work presented later in this book would warrant such optimism. 

There are increasing numbers of centers investigating 
heated perfusion of extremity malignancies with cytotoxics, 
showing significant benefits to an escalating number of 
patients. While this technique has limited applicability, it 
is proving that when heat can be delivered at adequate 
temperatures under controlled conditions, response rates can 
be improved. Although not as convincing, there is increasing 
evidence that some of the current units are heating 
sufficiently to improve results. 

There is some promise that technology will develop 
sophistocated heating units which will heat sufficiently 
rapidly with well-defined beams that target volumes can be 
heated to effective temperatures without toxic temperatures to 
neighboring tissues, somewhat similar to the Garrma Knife or 
Radiation Surgery. 

Of more potential is the possibility that the parallel 
studies of the biological effects of heat upon the immune 
system and the exponential increase of our knowledge 
concerning specifics of the complex immuno-compentence system 
will result in the marriage of these two modalities which 
together will be a very effective fourth modality in the 
1990's. Current clinical trials may prove the impressions of 
our former colleagues that multiple bacterial toxins are 
effective, economical, and relatively non-"toxic" to normal 
tissues. 

With the increasing convincing evidence to be gained by 
combining hyperthernlia with chemotherapy, we can anticipate 
greater interest in this combined modality during the next 
decade, hopefully with meaningful statistics at the end of the 
decade. Also, for the same reasons, well-designed protocols 
for tri-modality therapies will become more widely employed. 

In view of the proven potential benefit of heat and its 
relative lack of toxic effects, technology must be found for 
its clinical application. Possibly we can paraphrase 
Hippocrates, "If cancer cannot be cured by heat in the next 
decade, then it cannot be cured." 
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LOCAL TUMOR HYPERTHERMIA IN THE 1990s 
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There is compelling evidence that heat alone is tumoricida1 and enhances 
efficacy of radiation therapy and cytotoxicity of many drugs. However, it 
is almost certain that during the next decade, heat will be used primarily 
as an adjuvant to surgery, radiation and chemotherapy rather than alone as 
the first line of treatment. It is also known that the threshold of 
thermal damage for normal tissues is not significantly different from that 
for most tumors, and there is increasing evidence that in normal tissues 
as in 'tumors the damage threshold is lower for heat plus drugs and/or 
radiation than for heat, drugs or radiation alone. For example, in 
biopsies obtained from the normal liver tissue overlying a tumor in a 
patient with localized, metastatic liver carcinoma, it was found that 
whereas heat at 42°C for 20 min., before initiation of "chemotherapy with 5-
Fluorouracil, caused only dilatation and engorgement of capillaries, when 
the liver was heated in presence of the drug extensive hemorrhages in the 
parenchyma were observed. Similar toxicity was observed in other tissues 
such as the kidney. However, it is now generally recognized that to 
achieve tumor control it is the proliferative and infiltrative tumor margin 
which must be heated to therapeutic temperature. Therefore to keep normal 
tissue toxicity at an acceptable level, tumor bed tissues and any critical 
normal tissues must remain at a lower temperature. Thus, it is important 
that heating devices must heat most of the tumor, specially its edge, and 
least of the normal tissue. 

DEVICE EVALUATION STUDIES 

With these criteria for optimal heating in mind a comparative clinical 
evaluation of some of currently used heating devices was undertaken at the 
Harvard-MIT Hyperthermia Center, Massachusetts Institute of Technology, 
Cambridge, Mass. , U. S.A. Dr. Joseph F. Simeone, Interventiona1 Radiologist 
from the Massachusetts General Hospital, Boston, Mass., placed thermometric 
probes in the treatment volume under CT or Real Time Ultrasound guidance 
as described below, as well as obtained biopsies. Dr. Phillip Stork, 
Pathologist from Brigham & Women's Hospital, Boston, Mass., examined the 
biopsy and autopsy materials. Approximately 60% of the 133 patients 
entered into this study were direct referrals, the rest were referrals from 
Departments of Radiation Medicine and Medical Oncology of the Massachusetts 
General Hospital; the Dana Farber Cancer Institute and the Joint Center for 
Radiation Therapy; and Boston University Medical Center. Of the 
133 patients studied only 88 patients in whom 2 or more heating devices 
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Fig. 1 
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Examples of thermometry in deep tumors. 
c.: Pelvic Chondrosarcoma 

a.: Liver b.: Urinary 
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Scm Scm 

Fig. 2 Half-plot of symmetric temperature distribution in the liver of a 
patient with diffuse carcinoma due to two concurrent SIMFU beams (0.6 MHz 
and 0.9 MHz). The insonation beams are shown as simple triangles, omitting 
the half power focal zone width and length for clarity. Circular scan 
patterns of 2.0 cm and 6.0 cm diameter, at focal plane 5.5 cm below skin 
surface. Isotherms at 1° C intervals interpolated from 5 sets of 
thermometric data at different relative locations of pattern with respect 
to ver'tica1 catheter. Isotherm of 40.5° C is shown as a broken line: 
highest temperature measured was 40.9° C at depth of 6.5 cm, 2.0 cm from 
pattern centerline. Note that lower than optimal frequencies resulted in 
high temperature rise below focal plane. 

were compared are included in the analyses in this paper. In the initial 
screening studies, as extensive thermometry as permissible was conducted. 
Generally temperatures were measured at 12 to 75 or more points during each 
session. Examples of the points at which temperatures were measured along 
the tracks of insertion of thermometric probes are shown in 
Fig. 1a,b, and c. In the initial device screening studies the temperature 
at any of the points monitored was not allowed to exceed a sUbtherapeutic 
temperature of 4l.5°C in order to ensure safety to normal tissues and to 
preclude any heat induced changes in between trials with different devices. 
Most comparisons were made on the same day with the same thermometry using 
non-perturbing probes specific to the heating modality. Isotherms were 
plotted from steady state temperatures stored in the computer. Fig. 2 
shows the heating beams superimposed on the isotherms in a case of a 
cho1angiocarcinoma of the liver. Temperatures were measured at 
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65 to 70 points. Other examples are presented elsewhere (1). In previous 
animal studies in vivo, where more extensive thermometry at 600 to 800 
locations was performed it was found that all the tissue within an isotherm 
line was heated uniformly to that temperature (2). 

Table 1 presents the data on 309 device evaluations performed in 
88 patients. Three to four devices were evaluated in each patient. Note 
that many of the superficial tumors were overlying bone. Details on the 
SIMFU and its operation are published in references 3-11. In this study, 
generally, 2 or 3 insonation heads, operating at different ultrasonic 
frequencies were used for heating deep and/or large tumors. The method of 
use of other devices was similar to that detailed in reference 12. 

The detailed data from these studies are being published elsewhere (Le1e, 
Goddard & B1anter, in press). The performance of different devices for 
effective and safe heating as defined by ability to heat tumor, specially 
its edges, to 41.5° C, without higher temperatures outside tumor volume, is 
summarized in Tables 2 to 5. 

In shallow tumors the performance of the devices depended on the volume 
of tumor (Table 2). All of the devices tested could heat small volumes 
satisfactorily. The performance of the EM Horns was considerably lower for 
tumors of a moderate volume. The low score was due to inability to 
localize heating to tumor, that is, inability to spare normal tissues. 
With SIMFU the failures were due to pricking sensation on skin. No 
complaints of pain attributable to bone-heating were noted. None of the 
devices could heat large tumors effectively and safely. Magnatherm and 
SIMFU were not used as they could not cover large areas. 

The limitations and toxicity encountered in heating shallow tumors by 
these devices are shown in Table 3. It should be pointed out that no 
narcotics were administered to the patient for these studies unless they 
were receiving them regularly for control of pain from their disease. 

Table 1. Device Evaluations 

Head & Neck 
Thorax 
Abdomen 
Pelvis 
Extremities 

99 Shallow 
<3 cm 

EM Horns, Magnatherm 

SIMFU 

8 
59 
30 

0 
2 

Thermotron was not available for evaluation. 

210 Deep 
>3 cm 

EM Horns, AA 

Magnetrode, 

57 
43 
54 
45 
11 

SIMFU 

EM Horn = Electromagnetic Radiation Antenna; Magnatherm = EM Pancake 
coil; SIMFU = Scanned Intensity Modulated Focused Ultrasound; 
AA = RF Annular Array; Magnetrode = Single Turn Coil 
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Dose-limiting pain and systemic stress, during the heating trials were the 
major factor which led to lack of success in heating the tumor to 41.50 C, 
mostly in tumors 50 to 500 ml in volume. When the tumor was "successfully" 
heated, the excessive normal tissue temperature represented the "biological 
cost" or risk. A temperature exceeding 41.50 C in deep tissue was defined 
as "excessive" in this study. 

Results on heating performance, limitations and toxicity in deep tumors 
are summarized in Tables 4 and 5. Only SIMFU could effectively and safely 
heat tumors up to 500 ml in volume and up to a depth of 14 cm; tumors 
larger than 500 ml were heated in consecutive sessions. EM Horns and 
Magnetrode were effective in fewer instances. The maximum depth of heating 
with these was about 7 cm. The low performance of AA is attributed to 
systemic stress and excessive normal tissue temperature as presented in 
Table 5. 

THE FUTURE OF SIMFU 

The MIT SIMFU thus does well for both deep and superficial tumbrs and is 
being adopted by a number of institutions and manufacturers. However, the 
current equipment is complex and mechanically scanned, requires highly 
trained operators for therapy planning, and safe and effective use of the 
SIMFU. Long set up time and tedious data acquisition and display reduce 
the patient throughput rate. The equipment in the future is expected to 
be electronically scanned, and will have semi-real time, 3-D temperature 

Table 2. Effective & Safe Heating Performance 
To 41.50 C 

EM Horns 
Magnatherm 
SIMFU 

% of Shallow Tumors 

mI. <50 

45 
71 
81 

50 - 500 

24 
66 
79 

Table 3. Limitations & Toxicity (%) 
Note: Multiple Toxicities in Same Patient 

Shallow Tumors 

E.M. Horns Magnatherm 

Dose-limiting 
Pain (Skin, Bone) 33 21 
Systemic Stress 9 o 

Excessive Normal 
Tissue Temp. 
Superficial (Burns) 20 9 
Deep 17 3 

No Toxicity or 
Limitation 53 76 

>500 

o 

SIMFU 

10 
o 

0.7 
2 

86 
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and heat dose display. "Expert Systems" capable of learning and decision 
making will reduce operator training requirements. Simplified direct 
coupling will reduce set up time. SIMFU yields remarkably uniform 
temperature distributions right to the edge of the treatment volume, if the 
conditions of its use are optimized utilizing the flexibility and 
versatility of the present MIT research system. Reverification of heating 
performance will be essential when the system is re-engineered and 
simplified for routine clinical use. 

THE FUNDAMENTAL PROBLEM IN LOCAL HYPERTHERMIA 

The current thermometry involves multi-point temperature measurement 
throughout the treatment area, at each session. It is a highly invasive, 
high risk, time consuming and costly procedure. Sophisticated imaging 
equipment and services of an interventiona1 radiologist are required. The 
need for its repetition at each session is unacceptable to most patients. 
Whether, in the foreseeable future, noninvasive thermometry with required 
sensitivity and spatial resolution will be practicable or will remain a 
dream is, at the best uncertain. Therefore, great emphasis is laid on 
thermal modeling. 

Table 4. Effective & Safe Heating Performance 

% of Deep Tumors 

ml. <50 50-500 >500 

EM Horns 8 13 18 
AA 0 1 1 
Magnetrode 0 13 22 
SIMFU 63 75 73 

Table 5. Limitations & Toxicit~ (%) 
Note: Multiple Toxicities in Same Patient 

EM 
Horns 

>4 cm. 

Depth 

Dose-limiting 
Pain (Skin, Bone) 41 
Systemic Stress 12 

Excessive Normal 
Tissue Temp. 

Superficial (Burns) 22 
Deep 

No Toxicity or 
Limitation 

42 

21 

45 

Deep Tumors 

AA Magnetrode SIMFU 
>6 cm. to 

Depth 

70 23 
95 40 0 

25 5 
86 30 2 

5 45 86 

15 cm. 

Depth 

10 

0.7 



However, the use of thermal modeling for prediction of tissue temperatures 
during hyperthermia is totally dependent on quantification of the local 
tissue blood perfusion. But blood perfusion varies from tissue to tissue, 
place to place and differently at different temperatures and therefore 
needs to be measured at numerous points, throughout the treatment at each 
session. The procedure will be as invasive as current direct temperature 
measurement, which it is hoped to replace. 

A POTENTIAL SOLUTION : RAPID HYPERTHERMIA 

The most attractive solution to these problems is "Rapid" hyperthermia. 
The concept of Rapid Hyperthermia is that a heat dose biologically 
equivalent to that in current practice is delivered in a time span too 
short for significant heat transport. Fig. 3 shows the Iso-Dose Plot for 
heat induced histological damage to mammalian tissue in vivo. Note that 
a dose equivalent to 30 min. at 42.5° C can be delivered in a couple of 
seconds (time too short for significant heat transport) at about 57° C. 

Fig. 4 shows the temperature recorded at depth in brain of an experimental 
animal in vivo, with the SIMFU in stationary mode. But note that the focal 
volume is small. In "stepping, mode" the SIMFU can produce Rapid 
Hyperthermia in the entire tumor under computer control by following the 
3-D Tumor Outlines (Fig. Sa) or even ablate the tumor - non-invasively at 
higher heat-doses. It has been coupled to a "dic!gnostic system" (Fig. 5b) 
to keep track of any blood vessels, bone, etc. and to avoid them. Animal 
studies have established its safety, and protocols for a Phase I study are 
currently under development. The feasibility of Rapid Hyperthermia by 
using SIMFU in a scanning mode has recently been determined in a 
theoretical study (13). 
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Fig. 3 Iso-dose plot for heat induced, histologically detectable injury 
to 'solid' mammalian tissues in vivo 
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Fig. 4 Profile of instantaneous temperature elevation produced at depth 
in tissue within the focal region of a focused ultrasonic beam. All tissue 
enclosed with the volume labelled "lesion" will be subjected to a 
therapeutic hyperthermic dose. 
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Fig. 5b Schematic diagram of the combined "Diagnostic-Therapeutic" SIMFU 
system 

In summary, EM techniques will continue to be used for some time because 
of their ubiquity and simplicity. However, since they can produce only 
regional and not local hyperthermia (6), they will be gradually replaced 
by SIMFU-1ike approaches for production of localized hyperthermia, 
specially in deep tumors. Local tumor hyperthermia later in the 1990's is 
likely to be based on: 
1. Rapid Hyperthermia 

- minimizing thermometry requirements 

2. Simplified SIMFU based equipment and treatment 
procedure to increase throughput rate 

3. Use of expert systems to reduce personnel requirements 
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CONSENSUS OF HYPERTHERMIA FOR THE 1990s 

Homayoon Shidnia 

Indiana University School of Medicine 
Indianapolis, Indiana 

Even though it is difficult to determine the first time heat or a hot 
instrument was used for treatment of malignant tumors, by the year 
2000 B.C., the use of cauterization for treatment of tumors was one of the 
methods of therapy. Hippocrates also was aware of the effect of fever in 
treatment of infectious disease, as well as malignant tumors, but it was not 
until the second half of the l800s that we have documented evidence of reso
lution of sarcomas by hyperthermia. In 1866, Bush reported several papers 
in medical literature claiming the relationship on disappearance of malig
nant tumors. This, followed by Coley's innovative work in 1893, published 
in The American Journal of Medical Science, showed impressive results of 
fever on malignant tumors. 

Due to lack of interest and the difficulty in achieving the high 
temperatures, this work got lost in piles of medical literature. Then, in 
1971, Coley's work was published by Miller and Nicholson and showed clearly 
that there was an advantage in using fever in the treatment of malignant 
tumors, about two to three degrees above the baseline temperature. Since 
then, many centers have tried to use this modality as a radiation or chemo
therapy sensitizer, or even an immune system stimulant, with some success. 

Different methods of heat production, such as hot water, hot wax, 
radio frequencies, microwave, radiant heat systems, hot air, ultrasound, 
extra corporeal hyperthermia, and electrical currents, have been used. Each 
method has its own deficiency and advantage. The problem of the nonthermal 
effect of the microwave has not been solved yet, and due to lack of uniform 
methods of heat delivery, reproduction of treatment methods and comparisons 
of methods of treatment are rather difficult. Non-uniformity of heat distri
bution, efficiency of blood circulation taking heat away from the tumor. and 
poor depth of penetration of the heat makes any clinical study very diffi
cult to obtain statistically sound conclusions. 

In the past 10 to 15 years, there have been many new works done in the 
field of hyperthermia; many improvements in instrumentation of thermometry; 
as well as new problems of which we were not aware. There have been some 
clinical studies, all of which probably should be repeated. There is some 
new interest in the use of hyperthermia in benign conditions. 

I believe in the 1990s, we have to look into many aspects of hyper
thermia in the following categories; 
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1. Instrumentation 

a. We need equipment that will give uniform heat to any desired depth, 
similar to ionizing radiation. This could be achieved by use of 
ultrasound with different frequencies, either from a fixed source or 
a moveable source. 

b. Radio frequency or microwave by use of mUltiple applicators or move
able applicators. 

c. Combining regional or whole body hyperthermia with local hyperthermia 
for more uniform heat to the area. 

2. Thermometry 

a. We need a non-invasive way of documenting the temperature across the 
field and the depth of the field. This probably can be achieved by 
MRI or radio frequency, or tomo-graphic system. However, better 
instrumentation and uniform heat would make the problem of thermom
etry easier. Without documented temperature or energy absorbed in 
each area, no logical conclusion can be obtained. 

The problem of time/temperature unit should be solved by way of animal 
studies or laboratory studies to overcome this obstacle. 

3. In laboratory fields, the value of heat shocked protein and thermal 
tolerance in clinical setups should be tested. Whether or not heat 
shocked protein can be used as a guide for treatment or not depends on 
our work in this field. 

The subject of the non-thermal affect of non-ionizing radiation should 
be addressed and this problem solved. 

4. In the field of immunology, much work should be done to find out the 
effect of different temperatures on the immune system. This method 
should be utilized for future treatment. 

5. Interstitial hyperthermia probably has seen the most progress. Today, 
we can say that with the help of computers, we can deliver heat to 
almost any point. However, utilization of this form of treatment, 
because of invasiveness, is rather limited. 

6. In the clinic, we have to prove the number of treatments necessary to 
control the tumor per week and in total. The same is true for ionizing 
radiation. There are many papers contradicting each other, and this 
problem should be addressed. Conductive interstitial hyperthermia is 
very promising and exciting. 

Predictive assays will ·help us to determine the effect of treatment 
during the course of therapy. The use of radiation therapy and hyper
thermia, chemotherapy and hyperthermia, radiation therapy, chemotherapy 
and hyperthermia should be started with a uniform protocol, documented 
tumor size, localization, temperature in different areas, and timed. 
With timed temperature to each point, we should be able to make some 
conclusions. The use of extracorporeal hyperthermia should be more 
uniform and practiced. 

7. There is a new interest in the field of non-oncological use of hyper
thermia, such as in benign hypertrophic prostate and skin lesions such 
as psoriasis, that should be carefully approached. 
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In summary, in the 1990s, I feel there are lots of exciting projects 
that probably each Center and Discipline should take part in. I see that 
we will use more and more hyperthermia in conjunction with radiation and 
chemotherapy. 
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MICRONUCLEI ASSAY - A PREDICTIVE VARIABLE FOR TUMOR RESPONSE TO TREATMENT 

ABSTRACT 

Homayoon Shidnia, William Crabtree, Ned Hornback, 
Peter Young, Mary Hartson, Rong-Nian Shen, 

Indiana University School of Medicine 
Indianapolis, Indiana 

Our preliminary data indicate that the formation of micronuclei (MN) 
in treated tumor cells is a predictive variable for tumor response to treat
ment. In a pilot study involving four patients who received both radiation 
therapy and hyperthermia, fine needle aspirate (FNA) samples were taken and 
analyzed before therapy, and after each 1000 centigray (cGy) up to 3000 cGy. 
The results indicate a correlation between increasing formation of micro
nuclei and decreasing tumor volume. All of the patients in this Study have 
had their tumors under control for at least one year. 

Our preliminary data demonstrated that a high level of micronuclei in 
tumor cells correlates with favorable response of the tumor to treatment 
with radiation and heat. The assay is easy to perform and FNA biopsy could 
be done in the clinic with minimal discomfort to the patient. 

INTRODUCTION 

Radiation therapy, as practiced today, often controls many malignant 
tumors. Those tumors, which remain refractory to standard treatment, might 
respond if adequate dosages of radiation were administered. 

Perhaps one of the most significant challenges in the field of radia
tion therapy today pertains to the identificationlof variables which can be 
utilized to predict treatment response in tumors. It would be extremely 
helpful if it were possible to predict tumor responsiveness, either before 
initiation, or during the course, of radiation therapy. One promising pre
dictive variable is the frequency of micronuclei formation in treated tumor 
cells. 

The technique of FNA may possibly develop into one of the most useful 
methods of collecting tumor cells for many types of assays or analyses. 
This technique allows the researcher to draw cell samples from practically 
any area of the tumor. Thus, a pool of several FNA biopsies from the same 
tumor would likely provide a better representation of the whole tumor than 
a single surgical biopsy. In addition, the FNA techniquz will also allow 
us to study cell survival in vivo as a function of time. Establishment of 
MN formation as a variable~or prediction of radiation response would be a 
major breakthrough in cancer treatment, especially when the assay can pro-
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vide results within a few hours, as compared to two weeks for the tumor 
stem cell cloning assay. 

MATERIALS AND METHOD 

In a pilot study involving four patients who received both radiation 
and hyperthermia, FNA samples were taken for flow cytometric analysis before 
therapy was initiated and after each 1000 cGy, up to 3000 3G~. The tech
niques of FNA and MN assay have been described previously. ' 

Patient No.1 

(E.L.) - A 67-year old female with diagnosis of malignant fibrous 
histiocytoma, previously treated to 6000 cGy. After six months, the tumor 
recurred and at that time measured 3 x 4 x 10 cm. Examination of FNA biopsy 
obtained prior to therapy confirmed the histological diagnosis. Radiation 
therapy was started with 200 cGy at 32 MeV electrons daily, five times a 
week, concomitantly with hyperthermia at 433 MHz for one hour twice a week. 
FNA was repeated 24 hours after each 1000 cGy. 

Patient No.2 

(J.P.) - A 73-year old male with proven diagnosis of recurrent squamous 
cell carcinoma of the head and neck. He had two separate areas of involve
ment: 4 x 4 x 4 cm and 3 x 3 x 3 em. Examination of FNA prior to therapy 
confirmed the histological diagnosis, and the patient started with 200 cGy 
at 13 MeV electron beams daily, five times a week. FNA was repeated 24 
hours after each 1000 cGy. The patient was also treated with hyperthermia 
twice a week for one hour at 915 MHz. 

Patient No.3 

(M.e.) - A 57-year old female with history of recurrent squamous cell 
carcinoma of head and neck. The tumors were multiple and measured 2 em in 
diameter each. FNA prior to treatment confirmed the diagnosis and the MN 
count was high (80%). The patient started with 200 cGy at 10 MeV electron 
beams daily, five times a week. FNA was repeated 24 hours after each 1000 
cGy. The patient also was treated with hyperthermia at 915 MHz twice a 
week for one hour. 

Patient No.4 

(D.M.) - A 58-year old male with diagnosis of malignant fibrous histio
cytoma. The tumor measured 11 x 9 x 6 cm. FNA prior to treatment proved 
the diagnosis, and the patient started treatment at 19 MeV electron beams 
with 200 cGy daily, five times per week. FNA was repeated 24 hours after 
each 1000 cGy. The patient also was treated with hyperthermia at 453 MHz 
for one hour twice a week. 

RESULTS 

The results are shown in Figures lA and lB. Patient No. 1 showed cor
relation of increasing numbers of micronuclei with decreasing tumor volume. 
Patient No. 2 showed an initial decrease in the number of micronuclei fol
lowed by an increase which correlated with a corresponding decrease in tumor 
volume. By the end of the therapy, no cells could be drawn from the tissue 
of this patient. On pathological examination, the tissue showed necrosis. 
In Patient No.3, it was interesting to note that the number of micronuclei 
was highest (about 80%) a week prior to radiation therapy. The reason for 
this initial high frequency is not known. During the treatment, the number 
of micronuclei decreased with a corresponding decrease in the tumor volume. 
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By the end of the therapy, the tumor had completely disappeared. This 
suggests that an increasS in micronuclei prior to radiation therapy may also 
predict a good response. In Patient No.4, the number of micronuclei rose 
during the treatment with a corresponding decrease in the tumor volume. By 
the end of therapy, no tumor was evident, and pathological examination of 
the tissue showed only necrosis. At one year follow-up, all patients are 
alive with no evidence of disease. 

DISCUSSION 

The formation of micronuclei, as discussed by Midlander and Brock, 
appears to be the result of en~a~~7ment in radiation-induced DNA double
strand break formation (DSBs).' Accentric chromosome fragment2t~0~ 
seems to be respresentative of radiation damage to the chromosomes. ' , 

Brock and Williams studied the survival of Chinese hamster cells after 
irradiation with the use of both the standard colony forming assay and the 
micronuclei assay. They observed that the survival curves for the treated 
cells obtained by both methods were comparable. In addition, the micro
nuclei assay could provide quick feedback on tumor response to radiation, 
which in turn, would help the physician determine if adjustments or changes 
should be made in the course of therapy. 

We have shown that formation of high levels of MN in tumor cells fol
lowing radiation and heat correlates with favorable response of the tumor 
to treatment. The measurement of MN in FNA samples will become a reliable 
way to predict patient's response to irradiation and hyperthermia. 

FIGURE lA 

FO FNA prior to treatment 

Fl FNA after 1000 cGy 

F2 FNA after 2000 cGy 

F3 FNA after 3000 cGy 
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FIGURE 1B 

FO FNA prior to treatment 

F1 FNA after 1000 cGy 

FZ FNA after ZOOO cGy 

F3 FNA after 3000 cGy 
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INSTRUMENTATION FOR CLINICAL HYPERTHERMIA 

G.C. van Rhoon, G. van den Bos and J. van der Zee 

1) Department of hyperthermi a. Dr. Dan i elden Hoed 
Cancer Center, Groene Hi lledijk 301 
3075 EA Rotterdam, The Netherlands 

2)Department of Experimental Radiotherapy 
Erasmus University, Rotterdam, The Netherlands 

TNTRODUCTION 

The number of institutes using hyperthermia as a 
clinical treatment for cancer has grown steadily during the 
last two decades. Most of the pioneering institutes which 
entered the hyperthermia field before 1980 started to 
perform hyperthermia treatment with instrumentation borrowed 
from rehabilitation departments and their equipment 
consisted often of a single microwave or radiofrequency 
generator with simple applicators. Today, these institutes 
use their own "in-house" developed heating systems with high 
demands on technical specifications. Frequently, they use 
applicator arrays to adapt the treatment area to size, depth 
and location of the tumor to be heated. 

The institutes approaching the hyperthermia field face 
the problem of deciding whether they should develop their 
own hyperthermia system or buy a commercial system. In-house 
development of a hyperthermia system is however, labor 
intensive, and normally it takes a long time before a 
failure-proof and efficient hyperthermia system can be 
built. Purchasing a commercial hyperthermia system has the 
important advantage that the hyperthermia treatment can be 
started within a short time base; and that most of the 
technical pitfalls have already been dealt with. However the 
question as to which commercial hyperthermia system to buy 
remains to be solved and the answer to this question will 
vary strongly from institute to institute, and is dependent 
upon a number of conditions. 

Generally, within a hyperthermia system, 4 separate 
units can be distinguished: the applicators, the generators, 
the thermometry system and the computerized temperature 
registration and power control (Fig.l). Each unit forms an 
indispensable part of the whole system and the required 
specifications of each unit will depend greatly upon the 
tumor site to be heated. Therefore, for each institute 
entering the field of hyperthermia the first and most 
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important request comes from the clinician, who has to 
provide the physicist with a good and clear insight of the 
tumor locations to be heated. Only after this discussion has 
been closed satisfactorily coes it become possible to 
specify the demands which need to be fulfilled by the 
hyperthermia system. 

The objective of this chapter is to present a short 
overview of the heating techniques available at present, and 
to discuss some of the developments expected within the near 
future. This will be done by discussing the demands of the 
first three parts of the heating system and the specific 

IC~'~I-~'I ~·~-------------------------~~-.~ 

rnlcrowave 

".n .. ,.lul'" 

Figure 1. Schematic representation of the set-up of the 
instrumentation for clinical hyperthermia. 

advantages and disadvantages of the various solutions. The 
advantages of computerized temperature registration and 
power control is obvious and needs no further explanation. 
We refrain from promoting any of the commercial hyperthermia 
system available or any s~ecial heating technique. 

Finally, the composition of the staff of a hyperthermia 
department and the problem of quality assurance and its 
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relevance towards the clinical outcome of the hyperthermic 
treatment is addressed. 

TECHNICAL ASPECTS OF HYPERTHERMIC TREATMENT 
APPLICATORS 

Roughly, the 
categories: 

heating devices can be divided into two 

a) hyperthermia system for superficial tumors (depth 
b) hyperthermia system for deep seated tumors (depth 
With regard to interstitial hyperthermia systems we 
ourselves to referring to several other manuscripts 
this book. 

a} HYDerthermic treatment Q1 superficial tumors 

< 4cm). 
> 4cm}. 
confine 
within 

Analysis of a number of clinical studies (Dunlop et 
al., 1986, Emami et al., 1988, Howard et al., 1987, Kapp et 
al., 1988, Lindholm et all., 1987, Perez et al., 1989, Scott 
et al., 1988, Shimm et al., 1988, Tsykiyama et al., 1987, 
Van der Zee et all., 1987, published during the last 3 years 
shows that approximately 50% (n=498) of the superficial 
tumors which are treated with hyperthermia are located in 
the chest wall, nearly 30% (n=290) in the head & neck 
region, 13% (n=132) in the extremities and the remaining 7% 
(n=68) in other areas of the body. Most of the reporting 
institutes used electromagnetic (EM) energy, transferred by 
waveguide or microstrip patch and spiral applicators (Dunlop 
et al., 1986, Kapp et al., 1988) to heat the tumors. The use 
of ultrasound applicators for clinical superficial 
hyperthermia is reported by approximately 30% of the 
institutes. This is illustrated in Figure 2. A more or less 
similar distribution exists for hyperthermia system produced 
by the various manufacturers as appears from Figure 2. 

FREQUENCY 

T' 

.. 

,.,-/ .. "NU">C:TU"I., 

TYPE OF APPLICATOR 

Figure 2. Distribution of various types of applicators for 
superficial hyperthermia used by the institutes and produced 
by the manufacturers. 
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Electromagnetic applicators 

As is apparent from Figure 2 the majority of the 
institutes use waveguide or horn applicators rather than 
microstrip patch or spiral applicators to transform the EM 
energy into the tumor. An example of a horn applicator is 
given in Fig. 3. A small dipole is used to transmit the 
energy into the horn applicator. The length (D) of the 
dipole and its distance (L) to the reflecting backwall are 
critical to obtain proper operating of the aoplicator 
(Collin, 1960). The tuning stub enables the operator to tune 
the applicator for achieving a minimum of reflected power. 

Figure 3. a) Photograph of set of waterfilled horn 
aPflicators operating at 433 MHz. The aperture size is 10xlO 
cm. 

The frequencies used vary from 100 to 2450 MHz with a 
clear preference for the lower frequencies that are allowed 
for industrial, scientific and medical (I.S.M.) 
applications. These frequencies are 915 MHz for the U.S.A. 
and 434 MHz for Europe. The low weight and small size of 
microstrip applicators offer an important advantage over the 
bulky and rigid waveguide applicators which explains the 
recent growing interest into the clinical use of this type 
of applicator. 
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A common characteristic of waveguides as well as of 
microstrip applicators is that the penetration depth in 
homogeneous muscle tissue is highly dependent upon the 
aperture size of the applicator. As shown in a recent review 
by Hand (1987), the penetration depth for small aperture 
sizes is more or less constant (2cm) for frequencies between 
100 and 1000 Mhz, regardless of the type of applicator 
(Table 1). Only for large apertures (size greater than 1.5-2 
times the waveguide in muscle tissue) the penetration depth 
equals the penetration depth of the plane wave EM-field. In 
the latter case penetration depth can increase up to 6 cm at 
the lower end of the frequency range. However, in 

Figure 3 b) Schematic drawing of the applicator 

perspective of the soatial control of the energy 
distribution the aperture sizes at these low frequencies 
will be impractical for clinical use. Therefore, the 
penetration depth of most non-invasive electromagnetic (EM) 
applicators is only sufficient for hyperthermia treatment as 
superficial located tumors at the chest wall and in the head 
and neck region. Furthermore, it means that the tumor 
extension must be not deeper than 4 cm , otherwise the tumor 
can not be heated adequately by using these applicators. 

Other common characteristics of waveguides as well as 
of microstrip applicators are the small effective treatment 
area compared to the aperture size, and the need of a 
waterbolus in front of the aperture. This waterbolus is 
meant in the first place to reduce the high intensities 
which exist in the region of the nearby f{eld. 
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Additional functions of the waterbolus are to: 
- adapt the aperture of the applicator to the surface of the 
treatment field 
- control skin temperature to improve the homogeneity of the 
temperature dtstribution and to prevent the occurrence of 
skin burns 
- reduce the electromagnetic leakage in order to obtain safe 
levels of EM radiation in the treatment room. 

Table 1 

Penetration depth as function of frequency and 
aperture size 

Penetration 
Depth [cm] Frequency [MHz] 

Aperture size 100 200 400 700 900 
[ cm x cm J 

4 x 4 1.7 1.7 1.7 1.9 2.0 
8 x 8 2.8 2.8 2.8 3.1 3.3 

10 x 10 3.2 3.2 3.3 3.4 3.3 
15 x 15 4.7 4.2 3.6 3.1 3.1 
20 x 20 5.5 4.5 3.6 3.2 3.1 

In the Dr. Daniel den Hoed Cancer Center approximately 
60% of the chest wall fields treated, can extend over an 
area of more than 200 cm~ Such large treatment fields can 
only be heated adequately when multiple applicators are used 
simultaneously. The most important advantage of an array of 
coherent radiating applicators is that the effective 
treatment area approaches that of the total aperture size 
(Margin and Peterson, 1989). However, no substantial 
increase of penetration depth is obtained. In our experience 
individual control of the amplitude of each applicator is 
an absolute requirement for the clinical use of such 
applicator arrays. Whereas at present experimental and 
theoretical research on applicator arrays has been performed 
mainly with simple applicator geometries and equal 
amplitudes to each aoplicator, future research is needed 
under conditions like those encountered in the clinic. This 
accounts especially for the effective treatment set-ups with 
unequal amplitudes, non-coherent radiation and variable 
shape and composition of the surface anatomy. 
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Under clinical circumstances the use of the relatively 
bulky and rigid waveguide applicators becomes cumbersome, 
and they are difficult to adapt to the shape of the tissue 
to be treated. Of great interest for the future use of 
applicator arrays is the recent development of flexible 
microstrip applicators (Fessenden et al., 1988, Johnson et 
al., 1988). These applicators consist of a large number of 
small microstrip antennas, spiral or leaky stripline, which 
can render the set-up of the clinical heat treatment for 
large tumor areas more reproduceable and time-effective. 

Ultrasound applicators 

Important physical advantages of ultrasound (Hunt,1987) 
over electromagnetic heating techniques are the low 
absorption coefficient and the short wavelength in human 
tissue. These two characteristics of ultrasound enables the 
use of various applicator techniques to obtain a high 
deposition of energy at depth. However, the clinical use of 
ultrasound is hampered by two distinct disadvantages: 
-Ultrasound energy has a high absorption in bone. This 
causes high temperature in bone, which is often treatment 
limiting. 
-Large reflections occur at the interfaces between soft 
tissue and bone or air. This causes a severe complication, 
or even prevents the achievement of adequate heating of 
tissues beneath air cavities or bone structures. 

The ultrasound system for superficial hyperthermia 
commonly use planar ultrasound transducers with diameters 
varying from lcm to 10cm. A well designed planar ultrasound 
applicator will have a sufficient thick water column in 
front of the transducing element. Like with the 
electromagnetic applicator, the water column is used to 
match the acoustic impedance of the body to the tranducer 
and to eliminate the rapidly varying contribution of the 
nearby field. Secondly, the water bolus can be used to 
control the temperature of the superficial tissue layers. 

Clinically, the planar ultrasound transducer offers the 
same possibilities as the microwave waveguide or horn 
applicators to adapt the treatment field to the size of the 
tumor. The important advantage of the increased penetration 
depth of ultrasound can not be exploited for tumors located 
immediately above bone, such as chest wall recurrences and, 
to a lesser degree, head and neck tumors. 

Here, too, heating of large tissue areas can only be 
obtained by using more complex applicator configurations. 
Several ways to extend the treatment area are being 
presently investigated: mechanical scanning with one or two 
planar transducers, electronically scanning with a segmented 
tranducer, or the use of a multiple transducer array 
(Dickinson, 1984). By selective activation of each tranducer 
within the array, the field size can be shaped to the 
treatment field. The latter system is now commercially 
available from several corporations. 
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Table 2. Clinical performance of superficial hyperthermia 
system/applicator in terms of average tumor temperature. 

Tumor site Reference Hyperthermia system/applicator 

us MI Microwaves 

Waveguides Spiral 
air* water* static scan. 

Head & Neck Shim et al., 39.9 39.1 

Chest wall 

1988 (6) (9) 

Kapp et al., 42.2 
1988 (27) 

Corry et al.,42.9 39.5 
1988 (38) (3) 

Shim et al., 39.6 39.6 
1988 (2) (30) 

Kapp et al., 
1988 

Corry et al.,42.9 41.4 
1988 (26) (43) 

Extremities Shim et al., 39.739.6 
1988 (2) (7) (7) 

Kapp et al., 42.9 
1988 (6) 

Corry et al.,43.2 41.8 
1988 (25) (23) 

40.9 
( 22) 

40.8 
(6 ) 

40.9 
( 5 ) 

41.5 
(26) 

41.8 
( 15 ) 

41.6 
(25 ) 

41.8 
(60 ) 

41.6 

40.5 
(7) 

Body of table: treatment temperature achieved (oC) 
(n) number evaluations. 
US = ultrasound: planar tranducers. 

42.6 
( 53) 

42.0 
(40) 

43.1 42.4 
(57) (280) 

42.3 
( 43) 

42.2 
(40) 

MI = magnetic induction systems:magnetrode, solenoidal and 
coaxial pair magnetic applicators. 

Microwaves: frequency range 100 - 2450 MHz; 
* coupling medium between applicator and tissue surface 

is air or water. 
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Clinical performance 

The clinical performance of various superficial 
hyperthermia applicators, expressed as the average tumor 
temperature achieved by three groups participating in the 
NCr Hyperthermia Equipment Evaluation Contractor's Group is 
given in Table 2. The limited amount of data prohibits 
definitive conclusions but allows making some general 
remarks. Generally, with electromagnetic waveguide and 
microstrip (patch or spiral) applicators, as well as 
ultrasound applicators, therapeutic temperature 
distributions could be obtained under clinical conditions. 
However, heating is always heterogeneous. The large 
variations in temperatures obtained by groups for the other 
devices at all three tumor sites seems to reflect the 
differences in skill of each group to handle the 
hyperthermia device in the best manner. For the extremities, 
heating with ultrasound or microwaves with static or 
scanning spiral applicators seems to result in better 
temperatures. As expected, ultrasonic heating of tumor 
lesions in the head and neck and chest wall area was often 
limited by bone pain at the underlying ribs or mandible. 
Furthermore, there is a tendency that waveguide with air as 
coupling medium between the applicator and skin, do not 
provide adequate heating either in the head and neck or the 
chest wall area. Similarly, all other devices seem to out
perform magnetic induction at these 3 superficial tumor 
locations. A direct comparison of waveguide applicators to 
microstrip applicators was reported by Kapp et al., 1988. 
They found consistently better temperatures with static and 
scanning microstrip applicators. 

b) Deep seated tumors 

The most important feature of an ideal hyperthermia 
system for treatment of deep seated tumors would be its 
ability to deposit the majority of the power in the 
periphery of the tumor. Secondly the system should be simple 
and safe, causing no systemic stress and providing good 
access to the patient during treatment, preferably by not 
requiring contact with the body surface. Only focused 
scanned ultrasound (US) and coaxial pair magnetic (CPM) 
applicators have theoretically the ability to deposit the 
majority of the power in the periphery of the tumor. 
However, in clinical treatments with non-homogeneous loads, 
this ideal energy distribution will be difficult to obtain. 

With ultrasound, reflection of waves at interfaces 
between soft tissue and air or bone and high energy 
absorption in bone results in 70% of the pelvis treatments 
in limiting normal tissue heating and pain (Table 3). At 
present extensive studies are performed by various groups to 
investigating the use of scanning in single or multiple 
trajectories with focused transducers. The dynamic scanning 
algorithms are expected to improve the control of the enerqv 
distribution with associated reduction of pain. The scanning 
US technique is especially promising for relatively small 
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tumor lesions, where it may result in a highly selective 
heating of the tumor. However, when large tumor volumes need 
to be heated it may be too difficult to increase the speed 
of scaflning to a level at which the temperature can be kept 
at a therapeutic level throughout the whole tumor. Also, due 
to the large scanning area and the relative small focal 

Table 3. Evaluation of various devices for deep heating. 

AUTHOR 

APA 
Shimm et a 1. '88 
Kapp et a 1 . '88 
Sapozink et a 1. AA2Q 

'88 AA3Q 
AA4Q 

Pilepich et a 1. '88 
Howard et a 1. '86 
Issels et a 1. '88 

Total 
Power limiting 

MI 
Corry et a 1 . '88 
Sapozink et a 1 . '88 

Total 
Power limiting 

US 
Corry et a 1 . '88 
Kapp et a 1 . '88 
Roemer & Hynyen '89 

Total 
Power limiting 

COND 

Abe et a 1 . '86 
Hiraoka et a 1 . '86 

*deep heating 
**%T> 42.5 

DEVICE EVALUATIONS 

TREATMENT INTOLERANCE TEMP. 
#DE PAIN DISC NT BLAD NONE %SESSIONS 

%T> 42 

+ 20 
108 86 10 12 19* 

6 2 5 0 85 
1 1 1 0 100 

62 58 27 11 78 
30 24 6 68 
63 unfoc 78 
25 11 perf 68 

78% 24% 16% 11% 
32% 33% 8% 13% 

13 10 9 40 
14 13 27 

85% 
74% (2% 7% 7% 

4 4 2 23 
33 20 10 15 
28 13 53** 

57% 30% 
-----65%----- 9% 

65 
60 

APA: BSD1000 annular phased array. 
MI: *coaxial pair magnetic applicator; **Magnetrode 
applicator. 
US: planar ultrasound transducers. 
Cond: capacitor plate applicators: Thermotron. 
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volume, substantial heating of the tissue in front of the 
tumor may occur. Finally, the presence of bone and air in 
the vicinity of the tumor will remain, causing problems. 
This problem will remain, though to a lesser extent, with 
the use of focused US. 

The coaxial pair magnetic (CPM) system performs well 
when applied to deep seated tumors in the thorax but, 
unfortunately, heating of tumors in the pelvic area is poor 
due to local pain (Corry et al., 1988). The inability to 
control circulating currents around large pelvic bones 
limits the use of this technique to eccentrally located 
tumors. 

Several other non-invasive electromagnetic (EM) devices 
have been developed using either quasi-static or radiative 
methods to transfer the energy to the patient. All of these 
are unable to deposit the power selectively in the tumor. 

Radiofrequency capacitive systems, with the E-field 
perpendicular to the body axis, have a high power deposition 
in front of the electrodes and this causes overheating or 
the subcutaneous fat tissue. The preferential heating of the 
fat layer may be adequately counteracted (Abe et al.,1986, 
Hiraoka et al,. 1987, Kato et al., 1985) with efficient 
precooling, provided that the fat layer does not exceed a 
thickness of 2 cm. This apparent feature is caused by the 
fact that in Western countries Japanese patients generally 
have less subcutaneous fat than European or American 
patients. Therefore the limitations of this method should be 
kept well in mind. 

Inductive concentric coil devices have zero power 
deposition at the center of the patient and therefore 
clinical use should be restricted to eccentric tumors. 

Generally the radiative devices are expected to more 
effective in obtaining deep heating, especially for patients 
with more extensive layers of subcutaneous fat. These 
devices generate a circumferential E-field distribution 
around the patient, characterized by electrical field lines 
parallel with the body axis and, as a consequence of 
interference, high power deposition at the center of the 
body with minimal heating of the subcutaneous fat tissue. 
The circumferential E-field produces an internal maximum. 

The ability of frequencies above 50Mhz to steer the SAR 
maximum and adapt the energy distribution to obtain an 
optimal temperature distribution has been demonstrated 
clinically and theoretically by several groups (Strohbehn et 
al., 1986, Sathiaseelan, 1986, Sapozink et al., 1986). 
Especially, for the treatment of eccentrically located 
tumors the optimization techniques are of great value. For 
centrally located pelvic tumors, high SAR gradients exists 
with the tumor with maximum SAR induced in the flank and hip 
region (Strohbehn et al., 1986); and here less improvement 
might be expected from SAR steering. In this situation 
smaller SAR gradients and better ratios of normal tissue to 
tumor SAR might be expected at lower frequencies. 
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cc ccs aa2Q 

,. T>42 

cc ccs cc aa2Q 

.TO> TOtlTOnl %Tnl>42 

Figure 4. Clinical comparison between three techniques for 
deep heating using different thermal dose parameters.%T> 42: 
percentage of treatments with a tumor temoerature above 42 
degrees C; ~TD>: mean equivalent thermal dose in tumor; 
TDt/TDnt: ratio of thermal dose for tumor and normal tissue; 
%Tnt> 42: percentage of treatments with normal tissue 
temperature above 42 degrees C. Concentric coil (cc) versus 
Annular phased array 4 quadrants (aa4q); Capacitor plate 
system (ccs) versus Annular phased array 4 quadrants (aa4q); 
and Annular phased 2 quadrants (aa2q) versus Annular phased 
array 4 quadrants (aa4q). After data by Sapozink (1986). 
When the radius of the tissue cylinder is equal to the focal 
width, for elliptical cross-section as at the lower abdomen 
this leads to a choice of frequency between 20 and 100 Mhz. 
Selective tumor heating can only be obtained when tumor 
blood flow is low compared to that of the surrounding 
normal tissue. Of the radiative devices the Annular Phased 
Array (AA) of the BSD company is widly used for clinical 
treatments. Direct clinical comparison of various deep 
heating systems (Fig.4) has shown that the AA is superior to 
the concentric coil (Sapozink et al., 1986), and has an 
equal heating efficiency to the Thermotron R.F. capacitive 
system when used for patients with a fat thickness less than 
1.5cm (Egawa et al., 1988). However, in approx. 90% of the 
clinical treatments local pain, general discomfort and rise 
of normal tissue temperature is power limiting with this 
device (Table 2). 
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Several promising electromagnetic deep heating systems 
are presently under investigation. The coaxial TEM 
applicator (De Leeuw et al., 1987) is unique concerning its 
solution for the waterbolus. With this applicator design the 
patient floats within the waterbolus within the applicator. 
Due to the lack of waterpressure on the skin of the patient 
a better treatment tolerance is expected. The coaxial 
applicator can be used over a broad frequency range and has 
the possibility to adapt the axial extent of the energy 
distribution. With the Ring Capacitor Plate (RCP) system 
(Franconi et al., 1987, Van Rhoon et al., 1988) a 
circumferential E-f.ield distribution can be created at low 
frequencies (Hiraoka et al., 1987). Like the TEM applicator 
the RCP applicator has the capability to adapt the axial 
extent of the energy distribution. An important advantage of 
the RCP applicator is its small size which is comparable to 
that of the Sigma-60 applicator. 

However, the major instrumentional improvement has come 
from the introduction of the 8DS2000 Sigma-60 applicator 
system. The enormous reduction in size and highly efficient 
waterbolus device of the Sigma-60 applicator in comparison 
with the APA-system is an important improvement to the 
comfort of the patient. Whether the ability of this system 
to control the location of the SAR maximum by steering of 
the amplitude and phase of the four antenna pairs will 
result in improved temperature distribution is presently the 
subject of various clinical studies. 

Generators 

As there are only a few demands to be met by the 
radiofrequency or microwave output signal, each high power 
generator is suitable to use for hyperthermic treatments. No 
essential difference exists between generators used with 
electromagnetic applictors or with ultrasound applicators. 
The most important demand on the generator is that it must 
be able to deliver high output power and withstand high 
amounts of reflected power (20%) for a long duration of time 
(> 8 hours). Furthermore there are a number of requirements 
such as continuous power control, watchdog for reflected 
power, which are met easily met by the common generator 
designs. Of course each generator has to have a set of 
indicators to monitor forward and reflected power, 
calibrated to read the actual power delivered at the 
applicator. In a recent quality assurance investigation 
(Shrivastava et al., 1988) it was found that the power loss 
in the transmission lines is approximately 5%. 
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Figure 5. Frequency distribution of the maximum microwave 
power per applicator needed during clinical treatment. 
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Depending upon the application, the frequency range and 
maximum power output of the generator, is chosen. For 
ultrasound, the appropriate frequency range will be from 100 
kHz to 10 MHz with a maximum power output of 200 W. With 
electromagnetic hyperthermia systems the frequency varies 
~ver a much larger range. With superficial heating systems 
single frequency generators are dominating; in the U.S.A. 
915 MHz and in Europe 433 MHz. In our department we found 
that for 90% of the applications a maximum microwave power 
output of 150 W per applicator is sufficient to heat all 
tumor locations (Fig. 5). Occasionally, more than 150 W per 
applicator is needed. When tumors are located in the head 
and neck region, more than 150 W per applicator is 
occasionally needed. For deep heating systems multiple 
broad band, range 1-200 Mhz, generators with a maximum power 
output of 500 W each are recommended. The interstitial 
hyperthermia systems can be divided in two groups. The 
system with a quasi-static behavior operate at a frequency 
range of 500 kHz to 30 MHz and the radiative systems operate 
from 300 MHz upto 2450 MHz. The power output per applicator 
is relativly low and generally 10 to 25 W will be 
sufficient. For optimal flexibility of power control every 
applicator should be fed by its own generator. This holds 
for all hyperthermia systems, ultrsound or electromagnetic, 
deep or superficial. A minimum of 2 and 8 generators is 
needed for superficial and interstitial hyperthermia system 
resoectively. 

THERMOMETRY 

Although good progress has been made with the 
development of non-invasive thermometry systems, the 
temperature measurement under clinical circumstances is 
still fully dependent upon invasive thermometry probes. In 
recent years good improvements have been obtained with 
temperature sensors that do not disturb the E.M. fields. 
Currently, several reliable thermometry system are available 
from several companies. 

The high resistive thermistor probes developed by 
Bowman have the best performance on calibration accurcy, 
drift, response time, etc., but have as a severe 
disadvantage, their large diameter (1.1 mm) and limited 
probe length. The optical thermometry systems have been 
continously improved and good progress is made with regard 
to short term drift, accuracy, flexibility and probe 
diameter (~O.B mm for containing 4 sensor points). A common 
disadvantage of the non-perturbing thermometry system is 
that they are expensive. A major advantage is that the 
sensor operates independent with respect to the probe 
direction in relation to the electromagnetic field. This 
always presents a problem with the commonly used 
thermocouples. Additionally, methods have been developed to 
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obtain accurate temperature reading with conventional 
thermometry systems using the cheaper thermocouple sensors. 
With these latter systems, careful placement of the probes 
is necessar~ to red~ce temperature artifacts caused by probe 
heating, perturbation of the electromagnetic field or 
interference on the electronic readout system. 

For ultrasound, completely upperturbing probes still are 
not available. However, by proper choice of the catheter and 
probe material the errors in the temperature reading can be 
substantially reduced and accurate thermometry is possible. 
An extensive review on thermometry systems is presented in 
the chapter on thermometry within this book. 

Essential for the quality of the temperature 
measurement is a regular testing and verification of the 
specifications of the thermometry system. Therefore within 
each hyperthermia department a complete set-up to perform an 
accurate temperature calibration procedure should be 
available. A common calibration set-up consists of a high 
quality mercury in glass thermometer (20-50 degrees C, 0.05 
division, calibration standard traceable) and a well stirred 
waterbath with a temperature stability of + 0.05 degrees C. 
Better standard (±0.005 degrees C) can be obtained when a 
Gallium melting point cell is used. The check of the 
thermometry system should be performed minimally once each 
day when the system is in use; preferably before and after 
each patient treatment session. Although the above procedure 
provides a reliable manner to measure the temperature it 
will not provide the important information on the quality of 
the measured temperature· distribution. Parameters with 
impact on the quality of measurement are, the number of 
probes, their spacing and their location. Temperatures 
measured at the periphery of the tumor specifically add to 
better quality of measurement. 

The need of a high quality measurement of temperature 
distribution is obvious: it forms the input for all "thermal 
dose"-response studies. Furthermore, the result of the 
hyperthermic treatment appears to be related to the mlnlmum 
temperature (Oleson et al., 1984, Arcangeli et al., 1985, 
Van der Zee et al., 1986) and therefore it is essential to 
obtain good information on the temperature distribution. 
Therefore, clinical hyperthermic treatment should be 
performed with two thermometry catheters inserted within the 
tumor tissue. Such catheters consist of thin plastic tubes, 
placed in the (tumor) tissue before treatment (Van der Zee 
et al., 1987). Within each catheter the temperature must be 
measured at multiple locations by multi sensor probes or by 
"thermal mapping". The position of each catheter should be 
such that at least one temperature measuring point is 
located in the tissue each beneath applicator used. At the 
same time a high quality measurement of the temperature 
distribution enables quantification of the quality of the 
heat treatment. A simple and valuable performance parameter 
may be rep~esented by the percentage of probes which 
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indicate an equivalent temperature above a certain index 
temperature, e.g. ETV (Sim et al., 1984). Information on 
temperature distribution can further be used to perform 
multi-institutional device evaluations. This may lead to the 
choice of optional heating techniques for specific tumor 
local i zations. 

HYPERTHERMIA STAFF 

A good hyperthermia technique is only part of what we 
need to perform hyperthermia well. To provide the minimal 
requirements for high quality treatments, the staff of a 
hyperthermia department should consist of an interactive 
group of various disciplines: a physician, a physicist and a 
hyperthermia technician. A summary of the qualifications 
needed by the hyperthermia staff was recently published: 
(Luk, 1988) 

hyperthermia 
traininq in 

principles of 
in clinical 

months of 

- the physician who prescribes and supervises 
should be a licensed clinician with special 
oncology and the basic biological and physical 
hyperthermia, as well as adequate experience 
applications of hyperthermia. A minimum of six 
additional training in hyperthermia 
should be reauired to achieve the needed knowledge 
clinical proficiency. 

and 

- the physicist, who is responsible for all the physical and 
quality aspects of the hyperthermia equipment, must be 
trained at the level of a radiation physicist. Additional 
training in thermometry, electromagnetic and thermal 
treatment modeling, and the physics of ultrasound, 
radiofrequency and microwaves is required, as well as a 
thorough knowledge of the biolagical and physiological 
responses of tumor and normal tissues to heat. Furthermore, 
an excellent knowledge of the operation, maintenance, and 
quality assurance procedures of hyperthermia treatment is 
required. 

- the hyperthermic technician who administers the 
hyperthermia treatment should be trained in basic health 
and physical sciences such as normally given to a radiation 
therapy technician. Supplementary, special training in the 
operation, maintenance, and quality assurance procedures of 
hyperthermia equipment and clinical application of the 
hyperthermia treatment is required. 

QUALITY ASSURANCE 

With respect to clinical treatment each institute 
active within the field of hyperthermia should realize that 
good hyperthermia equipment does not guarantee a good 
hyperthermia treatment. A highly motivated and experienced 
staff, together with a strict confirmation o~ the treatment 
quality assurance and assessment (QA) guidelines is an 
absolute requirement to obtain reliable and comparable 
clinical results of the different patients. A recent 
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publication showed the impact of such QA problems on the 
therapeutic outcome of the RTOG 81-04 study (Perez et al., 
1989). For example. a significant correlation between local 
control and tumor coverage by at least the 25% iso-SAR 
contour (66% vs 17%) a significantly increased complete 
response (CR) rate for the patients treated in recent series 
(71%) compared with an earlier series (23%). In both series 
the same radiotherapy schedule was used and the greatly 
improved results reflects the progressive heating 
techniques. In conclusion: constant alertness and concerted 
effort of the entire clinical hyperthermia staff is an 
essential prerequisite for a continuous increase of the 
quality of even the "best" hyperthermic treatment to assure 
an ontimal clinical outcome for the patient. 

ACKNOWLEDGEMENTS 

This work is supported by The Netherlands Cancer 
Founda.tion "Koningin Wilhelmina Fonds", grant no. RRTI 87-9. 

REFERENCES 

1) Abe M., Hiraoka M., Takahashi M., Egawa 5., Matsuda C., 
On oyama Y., Morita, K., Kakehi M. and Sugahara T., 1986, 
Multi-institutional studies on hyperthermia using an 8 MHz 
radiofrequency capacitive heating device (Thermotron RF-8) 
in combination with radiation for cancer therapy, Cancer, 
58:1589. 

2) Arcangeli, G., Arcangeli, G., Guerra, A., Lovisolo, G., 
Cividalli, A., Marino, G., and Mauro, F., 1985, Tumor 
response to heat and radiation: prognostic variables in the 
treatment of neck node metastases from head and neck cancer, 
Int. J. of Hyperthermia, 1:207. 

3) Corry, P.M., Jabboury, K., Kong, J.S., Armour, E.P., 
McCraw, F.J. and LeDuc, T., 1988, Evaluation of equipment 
for hyperthermia treatment of cancer, Int. J. Hyperthermia, 
4: 53. 

4) De Leeuw, A.A.C., and Lagendijk, J.J.W., 1987, Design of 
a clinical deep body hyperthermia system based on the 
'coaxial TEM' applicator, Int. J. Hyperthermia, 3:413. 

5) Dickinson, J.R., 1984, A non-rigid mosaic applicator for 
local ultrasound hyperthermia, in: Hypertheric Oncology I, 
Ed. J. Overgaard, Taylor and Francis, London, 671. 

6) Dunlop, P.R.C., Hand, J.W., Dickinson, R.J. and Field 
S.B., 1986, Assessment of local hyperthermia in clinical 
practice, Int. J. Hyperthermia, 2:39. 

74 



7) Egawa, S., Tsukiyama, I., Akine, Yl, Kajiura, Y., Ogino, 
T. and Yamshita, K., 1988. Hyperthermic therapy of deep 
seated tumors: Comparison of the heating efficiencies of an 
APA and a capacitively coupled RF system, Int. J. Radiat. 
Oncol. Biol. Phys., 14:521. 

8) Emami B., Perez, C.A., Konefal, J., Pilepick, M.V., 
Leybovich, L., Straube, W., Von Gerichten, D., Hederman, 
M.A., 1988, Thermoradiotherapy of malignant melanoma, Int. 
J. Hyperthermia, 4:373. 

g) Fessenden, P., Lee, E.R., Kapp, D.S., Traczy-Hornoch, P., 
Prionas, S.D. and Sullivan, D.M., 1988, Improved microwave 
(MW) applicators for surface hyperthermia, 5th International 
Symposium on Hyperthermic Oncology (ISHO), Kyoto 1988, p31-
a-10. 

10) Franconi, C., 1987, Hyperthermia heating technology and 
devices, in: Physics and Technology of Hyperthermia, S.B. 
Field and C. Franconi, eds. Martinus Nijhoff Publishers, 
Dordrecht/Boston/Lancaster, 80. 

11) Hand, J.W., 1987, Electromagnetic applicators for non
invasive local hyperthermia, in: Physics and technology of 
hyperthermia, S. B. Field and C. FRanconi, eds. Martinus 
Nijhoff Publishers, Dordecht/Boston/Lancaster, 189. 

12) Hiraoka, M., Jo S., Akuta K., Nishimura Y., Takahashi M. 
and Abe M., 1987, Radiofrequency capacitive hyperthermia for 
deep-seated tumors. II. Effects of thermoradiotherapy, 
Cancer, 60:128. 

13) Howard, G.C.W., Sathiaseelan, V., Freedman, L. and 
Bleehen, N.M., 1987, Hyperthermia and radiation in the 
treatment of superficial malignancy: an analysis of 
treatment parameters, response and toxicity, Int. J. 
Hyperthermia, 3:1. 

14) Hunt, J. W., 1987, Principles of ultrasound used for 
hyperthermia, in: Physics and technology of hyperthermia, 
S.B.Field and C. Franconi, eds. Martinus Nijhoff 
Publishers, Dordrecht/Boston/Lancaster, 354. 

15) Ishida, T., and Kato, H., 1980, Muscle equivalent agar 
hantom for 13.56 MHz RF-induced hyperthermia, Shimane J. 
Med. Sc., 4:134. 

16) Issels, R.D., Wadepohl, M., Tiling, K., Mueller, M., 
Sauer, H. and Willmanns, W., 1988, Regional Hyperthermia 
combined with systemic chemotherapy in advanced abdominal 
and pelvic tumors: First results of a Pilot Study employing 
an annular phased array applicator, Recent Results in Cancer 
Research, 107, 236. 

75 



17) Johnson, R.H., Preece, A.W. and Murfin, J.L., 1988, 
Flexible electromagnetic hyperthermia applicators, Abstracts 
of the 5th International Symposium on Hyperthermic Oncology 
(ISHO), Kyoto, p44-a-6, 317. 

18) Kapp, D.S.,Fesswnden, P., Samulski, T.V., Bagshaw, M.A., 
Cox, R.S., L, E.R., Lohrbach, A.W., Meyer, J.L. and Prionas, 
S.D., 1988, Stanford University institutional report. Phase 
I evaluation of equipment for hyperthermia treatment of 
cancer, Int. J. Hyperthermia, 4:75. 

19) Kato, H., Hiraoka, M., Nakajima, T., Ishida, T., 1985, 
Deep-heating characteristics of an RF capacitive heating 
device, Int. J. Hyperthermia, 1:15. 

20) Lindholm, C.E., Kjellan, JE., Nilsson, P. and Hertzman, 
S., 1987, Microwave induced hyperthermia radiotherapy in 
human superficial tumors: clinical results with a 
comparative study of combined treatment versus radiotherapy 
alone, Int. J. Hyperthermia 3:393. 

21) Luk, K.H., 1988, Training and certification issues in 
hyperthermia. In: Biological, Physical and Clinical 
Aspects of Hyperthermia, Medical Physics Monograph 16, Ed. 
B.R. Paliwal, F.W. Hetzel, M.W. Dewhirst, American Institute 
of Physics, Inc., New York. 476. 

22) Magin, R.L., Peterson, A.F., 1989, Noninvasive microwave 
arrays for local hyperthermia: A review, Int. J. 
Hyperthermia, 429. 

23) Myerson, R.J., Perez, C.A., Straube, W., Kushe, R.R., 
Leybovich, L. Von Gerichten, JD., 1989, Tumor control in 
long-term survivors following su~erficial hyperthermia, 
North America Hy~prthermia Group (NAHG), Seattle, 1989, Ck-3. 

24) Nishimura Y., Hiraoka, M., J S., Akuta K., Nagata Y., 
Takahashi, M. and Abe M., 1986, Radiofrequency capacitive 
hyperthermia combined with radiation for lower abdomional 
and pelvic deep-seated tumors, In: Hyperthermic Oncology 
Japan, Proc. 3th JSHO, Ed. Y Onoyama, Mag Bros Inc.: 371. 

25) Oleson, J.R., Sim, D.A., Manning, M.R., 1984, Analysis 
of prognostic variables in hyperthermia treatment of 161 
patients, Int. J. Radiat. Oncol. Biol. Phys., 10:2231. 

26) Perez, C.A., Gillespie, B., Pajak, T., Hornback, N.B., 
Emami, B. and Rubin, P., 1989, Quality assurance problems in 
clinical hyperthermia and their impact on theraeutic 
outcome: A report by the radiation therapy oncology group, 
Int. J. Radiat. Oncol. Biol. Phys., 16:551. 

27) Pilepich, M.V., Myerson, R.J., Emami, B.N., Perez, C., 
Leybovich, L., and Von Gerichten, D., 1987, Regional 
hyperthermia: a feasibility analysis, Int. J. Hyperthermia, 
3:347. 

28) Rhoon, G.C., van, Visser, A.G., Berg, P.M., van den and 
Reinhold, H.S., 1988, Evaluation of ring capacitor plates 
for regional deeD heating, Int. J. Hyperthermia, 4:33. 

76 



29) Roemer, R.B., 1989, Personnel communication. 

30) Sapozink, M.D., Gibbs, F.A., Thomson, J.W., Eltingham, 
J.R., and Stewart, J.R., 1986, A comparison of deep regional 
hyperthermia from an annular array and a concentric coil in 
the same patients. Int. J. Radiat. Oncol. Biol. Phys., 
11:179. 

31) Sapozink, M.D., Gibbs, F.A., Gibbs, P. and Stewart, 
J.R., 1988, Phase I evaluation of hyperthermia equipment
University of Utah Institutional Report, Int. J. 
Hyperthermia, 4:117. 

32) Sathiaseelan, V., 1986, High frequency techniques: deep 
heating with an annular phased array, IEEE, Eighth Annual 
Conference of the Engineering in Medicine and Biology 
Society, 1474. 

33) Scott, R., Gillespie, JB., Perez, C.A., Hornback, N.B., 
Johnson, R., Emami, B., Bauer, M. and Pakuris, E., 1988, 
Hyperthermia in combination with definitive radiation 
therapy: Results of a phase 1/11 RTOG study, Int. J. 
Radiat. Oncol. Biol. Phys., 15:711. 

34) Shimm, D.S., Cetas, T.C., Oleson, J.R., Cassady, J.R., 
and Sim, D.A., 1988, Clinical evaluation of hyperthermia 
equipment: The University of Arizona Institutional REport 
for the NCI Hyperthermia Equipment Evaluation Contract, Int. 
J. Hyperthermia, 4:39. 

35) Shrivastava, P.N., Saylor, 10K., Matloubieh, A.Y., 
Paliwal, B.R., 1988, Hyperthermia quality assurance results, 
Int. J. Hyperthermia, 4:25. 

36) Sim, D.A., Dewhirst, M.W., Oleson, J.R., and Grochowski, 
K.J., 1984, Proc 4th International Symposium on Hyperthermic 
Oncology (ISHO), Aarhus, Denmark, 1984, Estimating the 
therapeutic advantage of adequate heat ( ), 359. 

37) Strohbehn, J.W., 
Physical Techniques in 
Press, 383. 

Paulsen, K.D. and Lynch, D.R., 1986, 
Clinical Hyperthermia, Research Study 

38) Tsykiyama, 1., Yamashita, K., Kajiura, Y., Akine, Y., 
Egawa, S. and Yawagawa, S., 1987, REsults of a non
controlled trial of hyperthermia combined with radiation for 
superficial tumors, Int. J. Hyperthermia, 3:503. 

39) Van der Zee, J., Van Rhoon, G.C., 
M.P. and Reinhold, H.S., 1987, The use 
tip catheters for the introduction of 
during local hyperthermia treatment 
Hyperthermia, 3:337. 

Broekmeijer-Reurink, 
of implanted closed

thermometry probes 
series, Int. J. 

40) Van der Zee, J., Van Putten, W.L.J., Van den Berg, A.P., 
Van Rhoon, G.C., Wike-Hooley, J.L., Broekmeyer-Reurink, 
M.P., and Reinhold, H.S., 1986, Retrospective analysis of 
the response of tumors in patiens treated with a combination 
of radiotherapy and hyperthermia. Int. J. Hyperthermia, 
2: 337. 

77 



'l'HB USB OF HYPBRTHDHIA III CARCBR TRBA'l'HBII'r 

An Analysis of Clinical Investigations on Deep Seated Malignant 
Tumor Control with a Radiofrequency Capacitive HypertheDlia System 
('ftIBRHO'l'ROII RF-8). 

Raymond U 

Rex Cancer Center 
Raleigh, North Carolina 27607 
and 
East Carolina School of Medicine 
Greenville, North Carolina 27858 

INTRODUCTION 

Tsutomu Sugahara 

Health Research Foundation 
Kyoto 602, Japan 

In response to the challenge of treating deep-seated tumors without 
undue damage to surrounding normal tissues, a radiofrequency (RF) 
capacitive heating system known as the Thermotron RF-8 (Yamamoto Vinyter 
Co., Osaka), with its many innovative engineering remedies, was developed, 
and it has enabled multi-institutional controlled clinical hyperthermia 
trials targeted to major organ site neoplasms, i.e. lung cancer, 
pancreatic cancer, gastric cancer, hepatocellular cancer, rectal cancer, 
urinary bladder cancer, etc. 

This paper is based on recent clinical data collected by a 
multi-institutional investigation group in Japan. These data were 
made available to the Hyperthermia Research Coordination Committee by the 
investigators as a part of a collaborative research endeavor for further 
communication. We herein present the clinical results which were 
collected following the adjuvant therapeutic application of 8 MHz RF 
capacitive hyperthermia with radiotherapy or with chemotherapy for 
deep-seated tumors. 

MATERIALS AND METHODS 

THE HEATING DEVICE: Some limitations and possible solutions to 
conventional RF capacitive heating devices are listed in Table 1. 

Briefly, the RF generator has an 8 MHz self-excited oscillation 
circuit with a maximum power output of 1.5 KW. RF energy is transmitted 
from a generator via two coaxial cables. The RF is applied through a pair 
of electrodes placed on opposite sides of the body, and power is 
distributed locally or regionally through the interaction of electrical 
fields produced between the parallel-opposed electrodes. The inner ring 
of the gantry with the electrodes can be rotated 180 degrees to facilitate 
the heating of various target sites in the body. Electrode sizes vary 
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Table 1 

Possible Solutions to Some of the Limitations of 
Conventional RF Capacitive Heating Devices 

LIMITATION 
1. Difficult to heat tumors 

deep in the body. 

2. Electrode edge effects. 

3. Excessive heating of the 
subcutaneous fatty layer. 

4. Electrical mismatching due to 
movement and temperature 
changes in the human body. 

5. Asymmetry and poor repro
ducibility of heating patterns. 

POSSIBLE SOLUTION 
Large electrodes and a special 
matching system. 
RF - 13.56 MHz to S MHz 
An overlay-bolus system with 
contact medium and Rogowski's 
flat-plate electrodes. 
A cooling system for the 
skin and. subcutaneous tissues. 

A self-exciting oscillator. 

A movable gantry with fixed 
electrodes. 

from 6 to 30 em in diameter. A predictable thermal-field cross section 
corresponding to approximately 70% of the electrode surface is possible. 
Deep-seated tumor heating depends largely upon the ratio of the diameter 
of the electrodes to the thickness of the load between the two opposed 
electrodes. A suitable combination of electrodes is selected according to 
the size and location of the tumor. The surface of the electrode is 
covered with flexible water pads and/or an overlay bolus system. A 
temperature controlled saline solution, which, electrically, is nearly the 
equivalent of muscle, is perfused into the water pad or overlay bolus 
system so that excessive heating of the skin and subcutaneous fatty tissue 
can be avoided. Also, this bolus pad, when used with sufficient contact 
medium such as electrode coupling cream or gel, makes it possible to 
position the electrodes to the body surface smoothly, and enables the RF 
energy to be applied relatively homogeneously to uneven contours on the 
body. The bolus water temperature can be adjusted to avoid overheating of 
surrounding normal tissue while heating the target tumor at a therapeutic 
level. 

The Thermotron RF-S has four built-in thermocouple channels for 
temperature measurement. These sensors are teflon-coated probes of 
copper/constantan micro-thermocouples (Type IT-1S, Sensortek, New Jersey). 
The thermometry system with the micro-thermocouples connected to an 
automatic temperature and power feedback controller provides an accuracy 
of +/- 0.2°C. The high RF wave filter is inserted into the thermometry 
system which makes it possible to measure the temperature during RF 
thermotherapy. Indwelling catheter sheaths (lS-19 gauge) are placed into 
varying depths of the tumor and adjacent normal tissues after local 
anesthesia with Lidocaine, and thermocouples are inserted inside the 
catheters. The temperature in the tumor and surrounding normal tissues is 
monitored continuously during heating, and temperatures are shown on a 
digital and computer-generated graphic monitoring display system which 
includes a hard copy print-out mode. The skin surface temperature in the 
heating field is als9 monitored. Full details of this system have been 
described by others (1, 9, 16). 

Independently reported thermal profile data by several institutional 
groups using the Thermotron RF-S capacitive hyperthermia system have shown 
the efficiency of deep-target heating (1- 5, 7-10, 12-14, 16-17). 

HEATING: Hyperthermia was usually applied 1-2 times a week immediately 
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after radiotherapy. For those receiving thermochemotherapy protocols, the 
drug was administered before or during the heating session. The aim of 
hyperthermia was to heat the tumor to above 42.0°C with each session 
lasting 40 to 60 minutes. Tables 8-15 show the number of heating sessions 
given in each organ site tumor with radiotherapy or chemotherapy. 

RADIOTHERAPY: Radiotherapy was given to patients using 6-10 MeV x-rays in 
two opposing anterior-posterior fields. In some cases, a three portal or 
rotational technique was used. The calibration, collimation, and beam 
blocking techniques were those routinely utilized in radiation therapy. 

CHEMOTHERAPY: Chemotherapy was administered by i.v. dripping injection or 
by per os or suppository methods before or during heating. In those 
patients with hepatocellular carcinoma involving chemoembolization, 
degradable starch microspheres (DSM), Pharmacia AB, Uppsala, Sweden, were 
used. 

PATIENTS: Those cases with histologically-confirmed recurrent or locally 
advanced malignant tumors in specific organ sites were eligible for 
participation in this investigation (see tables 2 through 7). 

EVALUATION: Since the majority of patients who entered into this 
investigation had advanced diseases, the evaluation of treatment response 
was assessed primarily on local tumor response. Tumor response criteria 
were based upon the following categories: Complete Response (CR) for 
complete disappearance of the tumor in the treated field; Partial Response 
(PR) for a more than 50% regression of tumor volume; Minor Regression (MR) 
for a 25-50% regression of tumor volume; No Change (NC) for less than 50% 
reduction in tumor volume; and Progression of Disease (PD) for increase of 
of tumor volume. Techniques for objective assessment included plain field 
x-ray, CT, MRI, ultrasound images, and endoscopic examinations. A 
performance status scoring system was also utilized: O=asymptomatic; 
l=symptomatic, ambulatory; 2=less than 50% bed-ridden; 3=more than 50% 
bed-ridden; 4=100% bed-ridden. 

RESULTS 

Clinical results of this investigation were collected from January, 
1985 to December, 1988 by seven participating institutions in Japan. 
There were a total of 177 evaluable cases using a common protocol for each 
visceral organ site tumor. 54% (96) of these cases received radiation 
therapy plus hyperthermia, of which 5 cases were pre-operative lung 
cancers and 9 cases were pre-operative rectal cancers. A total of 81 
cases (46%) were in the chemotherapy plus hyperthermia group. 
Thermoradiotherapy results on lung cancer, pancreatic cancer, rectal 
cancer, and urinary bladder cancer are presented in tables 8, 9, 13 and 14 
respectively. Thermochemotherapy results on pancreatic cancer, gastric 
cancer, hepatocellular cancer, and urinary bladder cancer are presented in 
tables 10, 11, 12a, 12b and 15 respectively. 

LUNG CANCER: The measurement of the thermal profiles of 21 of these lung 
tumors indicated that over 86% (18/21) achieved therapeutic levels of 
hyperthermia, while 3 out of 21 cases attained temperatures in the range 
of only 40-41°C. Patients in the radical treatment group were treated with 
a radiation dose of 40-70 Gy in fraction sizes of 4 Gy, and patients in 
the preoperative group were treated with a total of 30 Gy in fraction 
sizes of 2.5 Gy. Table 8 indicates that the thermoradiotherapy response 
showed an 80% favorable response rate which consisted of 3 CR plus 13 PR 
in 20 tumors, and that there were 3 MR cases along with 1 NC. An analysis 
of the favorable response rate according to histological types includes a 
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No. of 
Cases 

13 

4 

3 

Stage 

IlIA 

IV 

Recur. 

TABLE 2 

LUNG CANCER PATIENT CHARACTERISTICS 

Histology 

Squamos cell ca:8 

Adenocarcinoma :7 

Large cell 
anaplastic ca :4 

Tumor Vol. 
cm3 (mean) 

33-1047 
(232) 

Performance 
Status (mean) 

1-4 
(2.4) 

Preoperative Treatment 

5 IlIA Squamous cell ca:5 

25 25 

TABLE 3 

120-448 
(160) 

1-3 
( 1.8) 

PANCREATIC CANCER PATIENT CHARACTERISTICS 

No. of 
Cases 

6 

28 

34 

No. 

Stage 

III 

IV 

of 
Cases 

4 

29 

33 

Histology 

Adenocarcinoma: 23 

Unknown 
primary :11 

34 

TABLE 4 

Tumor Vol. 
cm3 (mean) 

6.3-140* 
(73) 

*maximum area 

Performance 
Status (mean) 

1-4 
(3.0) 

GASTRIC CANCER PATIENT CHARACTERISTICS 

Stage Histology Performance 
Status (mean) 

II Adenocarcinoma: 32 1-4 
(3.1 ) 

IV Unknown 
primary 1 
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No. of 
Cases 

3 

TABLE 5 

HEPATOCELLULAR CARCINOMA PATIENT CHARACTERISTICS 

Stage 

II 

Histology Tumor Volume 
cm3 (mean) 

Hepatocellular: 18 2.5-15.0* 
carcinoma (7.7) 

Performance 
Status (mean) 

0-3 (0.5) 

15 III 

18 18 
*maximum diameter 

TABLE 6 

RECTAL CANCER PATIENT CHARACTERISTICS 

No. of Stage Histology Tumor Volume Performance 
Cases cm3 (mean) Status (mean) 

1 Duke A Adenocarcinoma: 9 2-3 
(3.0) 

7 Duke B-1 

1 Duke B-2 
-----~----------------------------------------------------------------
34 

43 

No. of 
cases 

5 

6 

8 

3 

2 

24 

Recur. Adenocarcinoma: 34 48-1053 
(748) 

43 

TABLE 7 

2-4 
(2.9) 

URINARY BLADDER CANCER PATIENT CHARACTERISTICS 

Stage Histology Tumor Vol. Performance 
cm3 (mean) Status (mean) 

I Transitional 0.6-88.0 0-4 
cell G1:1 (32.7) (2.0) 
carcinoma 

II G2:8 

III G3:14 

IV Squamous cell 
carcinoma : 1 

Recur. 

24 
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total of 6 cases (1 CR plus 5 PR) out of 8 squamous cell carcinoma 
(sq.c.c.), resulting in a response rate of slightly over 75%, and a total 
of 6 cases (1 CR plus 5 PR) out of 7 adenocarcinoma, producing an 85% 
response rate. There were also 3 cases of large cell anaplastic carcinoma, 
and the response was 1 CR and 2 PRo The remaining 5 cases with sq.c.c. 
were pre-operative protocol cases which resulted in 2 PR, 1 MR, and 2 NC. 
A follow-up duration of 11-12 months was observed in 4 out of 5 cases. 
With regard to the subjective complaints of these patients, a marked 
reduction or the disappearance of hemophytis, cough, pain, etc. was 
observed in 21 out of 25 cases (84%). A similar improvement rate of the 
performance status (PS) was obtained with a minimum survival range of 2 
months to a maximum 41 months to date. Concerning side effects, 7 
patients experienced pain during hyperthermia session. 

PANCREATIC CANCER: The measurement of the thermal profiles of tumors 
located at this site showed that hyperthermic temperature levels ranging 
from 40.5°C to 43.6°C were achieved in a total of 34 cases. A group of 12 
patients were in the thermoradiotherapy group (Table 9), and another 22 
patients were in the thermochemotherapy group (Table 10). For the 
thermoradiotherapy group, radiotherapy was given with a total of 50-60 Gy 
in fraction sizes of 1.8-2.0 Gy administered over 5-6 weeks. 
Thermochemotherapy consisted of HHC and 5-Fu derivatives. Mitomycin C4mg 
were given twice a week. Uracil ftorafulaoo_6oOmg' ftoraful 
suppositorY750_10oOmg, and 5-fluorouraci1250mg were given daily. 
Thermoradiotherapy results in Table 10 showed a 33% favorable response 
rate which consisted of 1 CR and 3 PR in 12 pancreatic tumors, as well as 
2 MR cases and 6 NC. An analysis of thermochemotherapy results in Table 
10 showed a 36% favorable response rate which consisted of 3 CR and 5 PR 
in 22 pancreatic tumors, in addition to 2 MR cases and 8 NC. There were 4 
cases in the PD category. A reduction of pain was noted in over 80% (28 
out of 34) of the patients who had received heat in combination with 
radiation or chemotherapy. An improvement of PS was noted in slightly 
over 40% (14 out of 34) of the patients. 

GASTRIC CANCER: The temperature was measured by inserting thermocouple 
sensors via an alimentary tube. The therapeutic temperature was aimed at 
42°C but the actual achieved temperature varied from 40°C to better than 
43°C. However, no corresponding clinical results could be observed in 
tumors at this organ site. Chemotherapy of gastric cancers involved the 
same procedure as with pancreatic cancers. HHC.mg were given twice a 
week. 5-fluorouraci1250mg , 5-Fu derivatives with uracil 
ftorafulaoo_6oOmg, and ftoraful suppositorY750_1ooOmgwere administered 
daily. Table 11 indicates that the thermo chemotherapy response showed a 
39% favorable response rate which was comprised of 3 CR plus 10 PR in 33 
cases of gastric cancer, and 3 MR cases along with 13 NC. 
The remaining 4 cases were in the PD category. An analysis of the 
histopathological types shows that a close to 43% response rate was 
achieved with 2 CR and 4 PR out of 14 tubular adenocarcinoma. OUt of 11 
cases of poorly differentiated adenocarcinoma, a 27% response rate was 
achieved with 1 CR and 2 PRo Transient side effects included occasional 
cases of reduced appetite, abdominal pain, discomfort of the abdomen, 
ascites, G.I. tract bleeding, passage disturbance, nausea, vomiting, 
weight loss, etc. Gradually, most of these patients achieved a marked 
improvement in their quality of life. The only observed side effect 
attributable to hyperthermia was fatty tissue induration in only one case. 

HEPATOCELLULAR CANCER: The measurement of the thermal profiles of tumors 
located in liver showed that hyperthermic temperature levels in the range 
of 42°C or above were achieved. It was noticed that DSM embolization 
helped boost liver tumor temperatures 1-2°C higher than the attempt with 
hyperthermia alone. Chemotherapy involved the use of adriamycinao_4Omg 

84 



TABLE 8 

LUNG CANCER THERMORADIOTHERAPY RESPONSE 

No. of Radiation Heat CR PR MR NC PD CR+PR 
Cases Dose (%) 

20 Radical 40-70Gy 4-14* 3 13 3 1 0 16 (80) 
treatment (4Gy/frac) 

5 Preoperat. 30Gy· 4-14* 0 2 1 2 0 2 (40) 
-----------------------------------------------------------------------

·2.5Gy/frac. *Heat was given 1-2x/week. 
Relief of Symptom: 80% 
Performance Status Improvement: 80% 

Modified from: M. Kakehi, et al., 89 

TABLE 9 

PANCREATIC CANCER THERMORADIOTHERAPY RESPONSE 

No. of Radiation Heat CR PR MR NC PD CR+PR 
cases Dose 

12 50-60Gy 8-10* 1 3 2 6 0 
(1. 8-2. OGy/frac) 

*Heat was given 2x/week. 
Relief of Sumptom: 90% 
Performance Status Improvement: 33% 

Modified from: M. Kakehi, et al., 89 

No. of 
cases 

TABLE 10 

PANCREATIC THERMOCHEMOTHERAPY RESPONSE 

Drugs 
Doses 

Heat CR PR MR NC PD CR+PR 
(%) 

(%) 

4(33) 

22 MMC4~9 
+5-Fu 

10* 3 5 2 8 4 8(36) 

derivatives 
(UFT30o_6oOmg, FT SUPP0750-1000~g, 
5-Fu2!50~9) 

*Heat was given 2x/week. 
Relief of Symptom: 77% 
Performance Status Improvement: 45% 

Modified from: M. Kakehi, et al., 89 
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TABLE 11 

GASTRIC CANCER THERHOCHEMOTHERAPY RESPONSE 

No. of Drugs Heat CR PR HR NC PD CR+PR 
Cases Doses (%) 

33 HHC4mq 6-40 3 10 3 13 4 13(39) 
+5-Fu (2x/week) 
derivatives 
(UFTaoo-6oOmq, FT-SUPP0750_10Omq, 

5-Fu25OmQ ) 

Relief of Symptom: 67% 
Performance Status Improvement: 45% 

Modified from: M. Kakehi, et al., 89 

TABLE 12A 

HEPATOCELLULAR CARCINOMA THERMOCHEHOTHERAPY RESPONSE 

No. of 
Cases 

Drugs 
Doses 

Heat CR PR HR NC PD CR+PR 
(%) 

18 ADMao_40mQ 4-16* 
using DSM 
chemoembolization 

*Heat was given 2x/week. 

1 

Relief of Symptom: 89% 

9 3 5 

Performance Status Improvement: NC 

o 10(56) 

Modified from: M. Kakehi, et al., 89 

TABLE 12B 

RESPONSE RATE COMPARISON AFTER CHEMOEMBOLIZATION 
OF HEPATOCELLULAR CARCINOMA WITH AND WITHOUT 

HYPERTHERMIA 

No. of Type of 
Cases Treatement 

Tumor CR PR NC PD RESPONSE RATE 
Size % CR+PR 

26 without < 7cm 2 9 4 0 73% (11/15) 
hyperthermia 42%(11/26) 

> 7cm 0 0 11 0 0%( 0/11) 

18 with < 7cm 0 5 2 0 71% (5/7) -hyperthermia 56%(10/18) 
> 7cm 1 4 6 0 46%(5/11) 

----------------------------------------------------------------
Modified from: M.Kakehi, et al., 89 



administered in three courses over four weeks. Table 12a indicates that 
chemotherapy combined with DSM embolization resulted in a 55% favorable 
response rate which was comprised of 1 CR plus 9 PR in 18 cases of 
hepatocellular carcinoma, and 3 HR cases along with 5 NC. A reduction of 
symptomatic complaints was observed in 89% (16 out of 18) of the patients. 
Side effects such as fatty tissue induration with pain were observed in 2 
out of 18 patients. Table 12b compares response rates while taking in 
account tumor sizes, chemoembolization and whether or not hyperthermia was 
used. It is apparent that the addition of hyperthermic treatment resulted 
in a better tumor response rate for those tumors larger than 70m in size. 
The one year follow-up survival rate after chemoembolization combined with 
hyperthermia was 83% while the rate for patients who received the same 
treatment without hyperthermia was 58%. Figure 1 represents survival 
curves constructed by the Kaplan & Meier method. 

RECTAL CANCER: Therapeutic temperatures in the range of 41°C to better 
than 44.5°C were in fact achieved in this study. Table 13 indicates a 47% 
favorable response rate which consisted of 2 CR and 14 PR in 34 recurrent 
rectal tumors, with 1 HR and 14 NC. Patients in this group were treated 
with 1.8-2.0 Gy daily five times per week for a total of 50-60 Gy over 5-6 
weeks. lout of 3 patients experienced pain during the hyperthermia 
treatment which disappeared at the end of treatment. Thirteen patients 
have had a follow-up period of more than 3 months after the combined 
treatment. A survival duration of a minimum of 3 months to a maximum of 
24 months was noted. In addition, there were 9 preoperative cases with 
thermoradiotherapy. Each patient in this subgroup was ~reated with a 
total of 40 Gy over 4 weeks with the same daily radiation dose 
fractionation routine as in recurrent tumor cases. All 9 cases have 
achieved PRo An improvement of subjective symptoms such as pain, bleeding 
and disturbance of defecation was noted. There have been no observable 
side effects. 

URINARY BLADDER CANCER: Temperature measurement in 20 patients showed 
that all achieved therapeutic temperatures of 42.0°C or above. Table 14 
indicates a 69% favorable response rate which consisted of 2 CR and 9 PR 
in 16 transitional cell tumors, with 1 HR, 3 NC and 1 PD. Patients in 
this group were treated with a total radiation dose of 40 Gy in over 5 
weeks with a fraction size of 4 Gy. Chemotherapy consisted of adriamycin 
4Omg' 5-fluorouracil,50mg pnos, cisplatin50mg, and M-VAC 
(methotrexate40mg , vincristin4mg , adriamycin4Omg , and 
cyclophosphamide70mg ). Table 15 indicates the results following 
thermochemotherapy. A 75% favorable response rate was obtained which 
consisted of 2 CR and 4 PR in a total of 8 cases, with 1 each in the HR 
and NC categories. An analysis of the tumor stage and grade levels on all 
urinary bladder tumor cases in this study showed the following: 82% 
achieved a favorable response rate which consisted of 3 CR and 6 PR in 11 
patients with T1 and T2. Of 13 patients with T3 and T4, a 61% favorable 
response rate occurred which consisted of 1 CR and 7 PRo With regard to 
histopathological types, there were only 3 PR out of 5 cases with a G1 
level of malignancy, and an 84% favorable response rate in 19 patients 
with a G2 level, with 4 CR and 12 PRo A 50% one-year survival rate (12 
out of 24 patients) following hyperthermia combined with radiation or 
chemotherapy has been observed. 12 cases experienced side effects such as 
fatty tissue induration, burns, pain and pollakisuria. 33%, or 8 
patients, have shown an improvement of PS, and one case has shown a 
deterioration of PS. 

CASE ILLUSTRATION: As shown by selected patients in Figures 2 through 6, 
the adjuvant use of hyperthermia with radiation therapy or chemotherapy 
can offer remarkable responses with select patients. 
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TABLE 13 

RECTAL CANCER THERKORADIOTHERAPY RESPONSE 

No. of Radiation Heat CR PR MR NC PD CR+PR 
Cases Dose (%) 

34 Recurrent 50-60Gy· 8-10" 2 14 1 17 0 16(47) 

9 Preoperative 40Gy· 10 0 9 0 0 0 9(100) 

·1.8-2.Gy/frac. '"Heat was given 2x/week. 
Performance Status Improvement: 89% Relief of Symptom: -

Modified from: M. Kakehi, et al., 89 

TABLE 14 

URINARY BLADDER CANCER THERKORADIOTHERAPY RESPONSE 

No. of 
Cases 

Radiation 
Dose 

Heat CR PR MR NC PD CR+PR 
(%) 

16 40Gy 
(4Gy/frac) 

10" 2 9 1 3 1 11(69) 

'"Heat was given 2x/week. 
Relief of Symptom: Asymptomatic 
Performance Status Improvement: NC 

Modified from: M. Kakehi, et al., 89 

TABLE 15 

URINARY BLADDER CANCER THERKOCHEMOTHERAPY RESPONSE 

No. of 
Cases 

Drugs 
Doses 

Heat CR PR MR NC PD CR+PR 
(%) 

8 ADM40mg 
plus 

10" 2 4 1 

5-FU15Om9 pnoa' CDDP5Omg , 
M4omg-VAC4mg (each combination) 

'"Heat was given 2x/week. 

1 

Relief of symptom: Asymptomatic 
Performance Status Improvement: NC 

o 6(75) 

Modified from: M. Kakehi, et al., 89 



CASE NO.1: A 40 year-old male with a hepatocellular carcinoma of 10.5 x 
8.5 em measured by CT received 16 courses of hyperthermia and 8 courses of 
adriamycin 250 mg chemoembolization using DSH. A reduction in tumor size 
was confirmed in angiograph. A relatively low density was observed in CT 
(see Figure 2). The patient is still alive with a survival period of over 
16 months since the combined treatment. 

CASE NO.2: A 74 year-old female with urinary bladder cancer (T3N2HO, TCC 
Grade 3) was given 4 hyperthermia courses after chemotherapy with HVAC, 
i.e., methotrexate 40 mg, vincristin 4 mg, adriamycin 40 mg, and 
cyclophosphamide 70 mg. The patient has survived for over 30 months after 
the initial treatment (see Figures 3 « 4) and continues to do well. 

CASE NO.3: A 76 year-old male with a recurrent rectal tumor size of 12 x 
8 x 10 em in CT measurement received 6 courses of hyperthermia with a 
total radiation dose of 66 Gy. The patient achieved complete response 
(CR) status, and has now been alive for 11 months following the initial 
treatment (see Figures 5 « 6). 

DISCUSSION 

Therapeutic temperatures in the range of 41°C to better than 44°C were 
achieved in the majority of deep-seated tumors investigated. This study 
has demonstrated that the Thermotron RF-8 is a clinically safe and 
effective hyperthermia system for the heating of tumors. Other than 
tolerable pain and/or the excessive heating of fatty tissue with very 
obese patients who could not be cooled adequately, the heating system 
could be used without undue fear of adverse side effects. 

Patient characteristics in this investigation consisted mostly of 
advanced disease status, and the nature of this study precluded conducting 
a concurrent study of a controlled group with radiation only or 
chemotherapy only. The exception to this was the chemoembolization study 
of hepatocellular carcinoma with and without hyperthermia. Response rates 
obtained by conventional treatments for the above types of patients made 
the justification of a randomized concurrent control group difficult. 

There is ample clinical evidence showing that the adjuvant use of 
hyperthermia can significantly increase tumor responses to radiation for 
superficially located tumor (review papers 11, 15). Available reports on 

the clinical safety and effectiveness of an 8 MHz RF capacitive heating 
device known as the Thermotron have also reconfirmed such favorable tumor 
responses to hyperthermia combined with radiation. 

Our analysis of clinical data clearly confirms previous reports (1-5, 
7-10, 12-14, 16-18) indicating the safety and effectiveness of 8 MHz RF 
capacitive hyperthermia in treating different types of refractory tumors 
in visceral organ sites. A significant improvement in performance status 
and/or a marked reduction in subjective complaints associated with advance 
diseases after combined treatment is of considerable interest. 

The use of hyperthermia both locally and regionally produces no 
additional adverse systemic effects in conjunction with radiotherapy or 
chemotherapy. The minor side effects noted in local target heating fields 
were mostly limited to transient types which soon resolved themselves. 
Treatments were tolerated well by the majority of patients, all of whom 
had advanced diseases. Additional details on this clinical investigation 
are expected to be reported by the investigating group in the near future. 
As with the development of radiotherapy, further advances in hyperthermia 
technology and its techniques will surely produce increasingly superior 
treatment results. 
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Figure 1. Patient survival curves on hepatocellular 
carcinoma following chemoembolization using DSM with 
and without hyperthermia (M. Kakehi, et al., 89). 

Survival rate(%) 
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Figure 2. Angiographs and CT scans of Case No. 1 showing 
the hepatocellular carcinoma response following chemo
embolization using DSM and hyperthermia (M. Kakehi, et al., 89). 



Figure 3. CT scan of Case No. 2 showing urinary 
bladder cancer before therchemotherapy (M. Kakehi, et al., 89). 

Figure 4. Case No.2 after thermochemotherapy (M. Kakehi, et al., 89). 
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Figure 5. CT scan of Case No. 3 showing a recurrent 
rectal carcinoma, before thermoradiotherapy (H. Kakehi, et al., 89). 

Figure No.6. CT scan of Case No. 3 after thermoradiotherapy 
(H. Kakehi, et al., 89). 



Currently, there are several other joint clinical hyperthermia 
research investigations being conducted by multi-institutional clinical 
hyperthermia research groups in Japan. Unfortunately, many of these 
reports in Japan are not available in English, which hinders the effective 
exchange of data to colleagues outside of Japan. 

CONCLUSION 

In conclusion, controlled RF capacitive hyperthermia as applied 
according to protocol on those anatomic regions investigated to date 
reconfirms the safety of its clinical use as well as its potential 
usefulness in controlling malignant tumors considered to be refractory to 
conventional treatments alone. The relative flexibility and ease of using 
this hyperthermia system opens up a wider applicability for hyperthermia 
in cancer treatment. Therefore, the role of hyperthermia can be expected 
to gain greater significance in the management of tumor control in the 
1990's. 
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HEAT SHOCK PROTEINS 

Beppino Co Giovanella 

Stehlin Foundation for Cancer Research 
Houston, Texas 77002 USA 

The finding that tumor cells are more thermosensitive than their normal 
counterparts (1-4) prompted research on the effect of heat on normal and 
neoplastic cells. In 1970, the phenomenon of thermotolerance was described 
for the first time (5). Cells of L12l0 leukemia after being exposed to 
subl~thal hyperthermia (52% of BDFI mice survivors after inoculation of 
1xlO L1210 cells treated for 2 hours at 42 0 C in Fischer medium versus 0% 
survivors after inoculation of same number of cells treated first at 400 C 
for 4 hours and afterward at 42 0 C for 2 hours). This result appears para
doxical. Cells that had received a more prolonged heat treatment (4 hours 
at 400 C + 2 hours at 42 0 C) survived better than cells less treated (2 hours 
at 42 0 C only). According to the nomogram used, the difference between 50% 
and 0% mice survival observed corresponded to a one-log difference in cell 
killing. It appeared that pre-treatment with heat rendered the cell capable 
to withstand further exposure to the same injury better than cells not 
pre-treated. 

Many studies followed (6-8) and the phenomenon was named thermotolerance 
to distinguish it from thermoresistance. This distinction is important be
cause thermotolerance is transient and not heritable. It is, in other words, 
a somatic phenomenon and not a mutation which induces a permanent heritable 
status which should be called thermoresistance - as heritable resistance to 
chemicals is called chemoresistance. It must be said that, although thermo
tolerance has been found to be a rather widespread phenomenon, present in 
different degrees in almost all the organisms investigated, thermoresistance 
is a much rarer phenomenon. 

Reports of thermoresistance on tumor cells were, until now, very few 
and, in our laboratory, the most strenuous efforts to obtain thermoresistant 
tumor cell lines has consistently failed. Thermotolerance, on the contrary. 
is easily induced in every system tested and maintained for variable lengths 
of time, never surviving cell division (9). For some time, the molecular 
mechanism of thermotolerance remained obscure until the discovery of the pro
duction of a new class of proteins in Drosophila after heat shock (10). It 
was soon found afterward that the production of heat shock proteins was a 
general phenomenon (11-12) through all the various cell species from. bacteria 
to eukaryotic ones, and their synthesis was correlated with the induction of 
thermotolerance (12-14). It was quickly found also that these proteins or 
HSP are present in more .than one class. 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bicher et at. 
Plenum Press, New York, 1990 

95 



In mammalian cells, heat shock (i.e., 20-30 minutes at 430 C or a longer 
period of time at lower temperatures down to a minimum of at least 2_30 C 
above the physiological temperature of the animal) induces synthesis of four 
major classes of HSP designated 27, 70, 89 or 90 and 107. These designations 
are based on the respective molecular weight expressed in kilodaltons. A 
close temporal relationship has been found between thermotolerance and HSP. 
HSP synthesis (70, 89 and 107) is detectable immediately after heat shock and 
returns to normal levels as soon as the thermotolerance peaks and levels. 
Also, HSP levels remain high through the period of thermotolerance and drop 
when thermotolerance falls, disappearing with the return of thermosensiti
vity. Agents that induce thermotolerance were found to stimulate synthesis 
of HSP (15,16). 

Direct proof of the causal relationship between HSP and thermo tolerance 
has been achieved recently (17) when it was found that microinjection of 
monoclonal antibodies to HSP70 into fibroblasts rendered these much more 
sensitive to heat treatment. Control cells microinjected with other anti
bodies withstood the same heat treatment with no ill effects. This was 
confirmed shortly afterward (18) when it was observed that suppressing 
expression of the HSP70 gene rendered the cells so modified they were more 
thermosensitive. HSP are now thought to act by stabilizing cell proteins 
against denaturation, promoting the renaturation of partially denatured pro
teins and assisting other proteins in moving from one part of the cell to 
another (19-21), unfolding and chaperoning them (hence, the naming recently 
of such classes of proteins unfoldases and chaperonins). 

Interest in these proteins is increasing at a tremendous rate because 
they appear to be involved not only in protecting cells from the effect of 
heat but in many other cell functions. HSP are common to almost all cells 
and are very similar, even in very different species (antibodies against an 
HSP of a bird will react readily with an HSP of the same class obtained from 
a shrimp). This suggests that their function(s) are very basic if they are 
found practically in all the animal kingdom, including bacteria and yeast. 

HSP are also synthesized in response to other stimuli which are 
injurious to the cell as contact with heavy metals and oxygen deprivation 
and the interpretation of their role in such contigencies suggests again 
protection against protein denaturation as the most likely mechanism of 
action. Unstressed cells contain large amounts of HSP and it is thought 
that these constitutional levels of HSP are the guarantors of the normal 
level of cell resistance to heat and other stresses. This interpretation 
has been reinforced by the finding that cells not expressing normal levels 
of HSP are very thermosensitive (18). It will be very interesting to study 
the levels of HSP in bacteria thermophila which can live at temperatures of 
60-70oC. It has always been very puzzling to every biologist how the pro
teins of such organisms manage to remain in the native state carrying on 
the enzymatic reactions necessary for the survival and reproduction of such 
bacteria. Another interesting and more practical problem is the role of 
the HSP in the higher thermosensitivity of neoplastic cells when compared 
to their normal counterparts (1-4). This phenomenon is quite widespread, 
being present in rodent and human cells alike, and it appears as soon as 
the cell is transformed (2-3). Two explanations are possible. The first 
is the production in the neoplastic cells of smaller amounts of HSP than in 
normal cells when heat shock is applied. The second' is a mutation in the 
neoplastic HSP gene(s) which renders the protein product less effective in 
protecting the neoplastic cells, although the amount of HSP present is the 
same as in the normal cell. 

Recently, very provocative results have been obtained which demonstrate 
binding of HSP with oncogene products (22-23). In this case, it is possible 
that the oncogene activated by mutation produces a protein with increased 
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affinity for HSP, depleting the transformed cell of it and increasing hence 
its thermosensitivity. Alternatively, it can be postulated that it is the 
level of the oncogene product which is raised in the transformed cells with
out any qualitative difference. The published data so far do not allow for 
choosing one explanation over the other (23). 

It is well known that oncogenes can transform cells by both mechanisms, 
i.e., activation by both mutation or by product excess consequent to gene 
amplification or to gene overexpression. It is, however, very probable that 
the original observation of increased thermo sensitivity of the transformed 
cells will soon find its molecular explanation. 

There is at the present moment an enormous amount of work being done 
on HSPs and the literature on the subject has already reached gargantua1 
dimensions. These studies can result in important advances for hyperthermic 
treatment in the near future if it is confirmed that blocking HSP activities 
with monoclonal antibodies or other agents results in increased thermosensi
tivity of the treated cells. However, this very attractive possibility still 
requires considerable amounts of experimental works and many hurdles to be 
successfully negotiated before entering the realm of practicality. 

At the present, the most important practical consequence of the HSP 
discovery for the hyperthermia practitioner is the caveat against too closely 
spaced hyperthermia treatments. 
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TREATMENT OF TUMOR CELLS: AN OUTLINE 
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INTRODUCTION 

Among the therapeutic strategies that 
been proposed and are currently in use 
treatment, hyperthermia is one of the 
employed. 

have 
in 

most 

recently 
the cancer 

commonly 

The idea that heat, at temperatures above the normal 
physiological value, could be used in cancer therapy goes 
back to over a century ago from occasional observations of 
spontaneous tumor regressions in concurrence with high 
fever. From a historical point of view, it is necessary to 
recall that the disappearence of a histologically diagnosed 
sarcoma of the face was described after attacks of 
erysipelas with concomitant high fever (1). Similarly, the 
complete regression of multiple recurrent melanomas was 
noticed in a patient affected by erysipelas, after several 
days of fever over 40°C (2). In 1893, Coley suggested to 
artificially induce fever, by inoculating bacterial toxins, 
for the treatment of tumors; the regression of sarcomas in 
patients receiving deliberate infections of erysipelas was 
reported (3). Attemps were soon made to take advantage of 
these findings for the treatment of cancer by using locally 
or systemically applied heat in various forms (4-6). In 
1967, long-term regression of malignant tumors in humans by 
hyperthermic limb perfusion was reported (7). 

Considerable literature has now been accumulated on the 
effect of heat on tumor cells and it has been asserted that 
neoplastic cells are more easily damaged by supranormal 
temperatures than normal cells either in vitro or in vivo 
and that thermosensitivity is a general property of 
neoplastic cells, acquired with the malignant transformation 
(8). According to some authors, on the other hand, a 
correlation between heat sensitivity and malignant character 
cannot be assessed unambiguously (9). However, the extent of 
the heat sensitivity of normal and neoplastic cells is 
variable and depends on several parameters that generally 
differ for the in vitro and in vivo conditions. This fact 
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makes hazardous to directly 
from in vitro experiments 
tumors:-

transfer 
to the 

information obtained 
in vivo treatment of 

In in vitro conditions, tumor cells show reduced 
survival when exposed to temperature values between 40 and 
43°C: in this range, the effect of heat increases with the 
temperature increase. The selectivity of tumor cells' 
sensitivity to heat, as compared to normal ones, appears to 
be reduced at higher temperature values, so that it becames 
impractical to employ temperatures too much higher than 
those considered normal for the tissue or cell culture or 
living organism being studied. In fact, excessive heat 
damages normal cells so fast that it is unfavourable to use 
such extreme conditions both in the in vitro experiments and 
the in vivo therapy. Furthermore, it is worthwhile 
mentioning that the sensitivity of cells to heat also 
depends on the time of exposure: in fact, after a long 
exposure the cytotoxic effect of heat is no longer 
proportional to the duration of the heat treatment (9). 
Thermosensitivity of tumor cells varies also in dependence 
of the phase of their mitotic cycle. Cells in S phase 
are more sensitive to hyperthermia (10). The pH value of the 
culture medium can also affect the survival of tumor cells 
exposed to hyperthermic conditions. In fact, cells 
maintained under acidic conditions exhibit enhanced 
sensitivity to the heat damage (11). 

Moreover, the different cellular responses to heat have 
been shown to depend also on the modalities of exposure to 
high temperature. In fact, heat may induce thermotolerance 
in the tumor cells, i.e. temporary resistance to subsequent 
reheating. The kinetics of thermotolerance depend on the 
extent of the initial treatment. The greater the 
effectiveness of the initial treatment, the greater the 
maximum effect of thermotolerance (12-15). On the other 
hand, when cells are heated at approximately 43°C or above, 
and then reheated at 42°C or below, then the treatment at 
low temperature is more effective than if given alone, a 
phenomenon known as step-down sensitisation. The step-down 
effect rises immediately after the first heating and decays 
rapidly in relation to the time course of induction and 
decay of the thermotolerance (16). 

Elevated temperature affects tumors both in vitro and 
in vivo. In the latter case, however, other factors are also 
active, among which immunological reactions and tumor 
vascularization appear to be significant. 

Immunological phenomena are probably involved to 
explain the therapeutic effect of hyperthermia, but only in 
a narrow range of temperature (17). It was demonstrated that 
Ehrlich ascite cells increased their immunogenicity with 
consequent inhibition of tumor growth in mice inoculated 
with viable cancer cells when heated at 42.5 0 C for 3 h. If 
the incubation was extended to longer times (6 h), the 
increase of immunogenicity was absent (17). The above 
mentioned relationship between heat and immunogenicity can 
explain the different result obtained when experiments are 
performed under in vivo or in vitro conditions. In fact, as 
previously foun~ biochemicar--damage is only one of the 
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parameters to be taken into account for explaining the heat 
sensitivity of tumors. It is a matter of fact that often the 
in vivo treatment gives better results than the in vitro 
experiments. A further evidence of the correlation between 
heat and immunity is given by the decrease in the growth 
rate of both the primary tumor and metastases observed when 
only the primary tumor was heated, which strongly supports 
the hypothesis of an heat-inducible enhancement of host's 
immunological response (18). 

Tumors up to growth stage of 106 cells are mostly 
avascular, and nutrients and oxygen are supplied by 
diffusion which leads to conditions of acidosis. If on one 
hand this situation suggests favorable conditions for the 
therapeutic effect of hyperthermia, on the other hand the 
non homogeneous blood perfusion in the tumor can rarely 
result in an uniform distribution of temperature when heat 
is applied (19). In this context, great importance is turned 
to the resolution of the technical problems related to the 
production and application of heat in in vivo conditions 
(20) • 

After exposure of mammalian tumor cells to high 
temperature, a great number of different morphological and 
physiological alterations may be observed, although it is 
not yet clear whether the changes observed are involved in 
the process of cell killing or they may on the opposite have 
a protective effect. Ultrastructural studies have 
demonstated variations in the morphology of almost all 
subcellular structures, while functional studies have 
evidenced changes in intracellular salt concentration and in 
metabolic pathways such as protein and nucleic acid 
synhteses, DNA replication and respiration. Glycolysis is 
probably not depressed at least during the first time of 
exposure at high temperature (21). As a consequence, it is 
difficult to ascribe to a specific cellular component the 
responsibility for the cellular sensitivity to high 
temperature; it appears instead plausible that concomitant 
phenomena triggerd by heat and related each other may be 
involved. 

However, a key role in the cellular response to heat 
might be ascribed to proteins. In fact, the activation 
energy for thermal denaturation of several proteins lie in 
the same range of temperatures as that employed in the 
hyperthermic treatment which in turn corresponds to that for 
cessation of cell growth and cell viability (9). A direct 
damage to the nucleic acids, and particularly DNA, of tumor 
cells caused by heat doesn't appear to be probable; in fact 
the melting point of DNA is generally, at physiological pH, 
over 50 QC (22). Furthermore, the direct involvement of 
lipids seems less probable since no lipid phase transition 
has been found in the range of the hyperthermic temperatures 
critical for cell survival (23). 

HYPERTHERMIA AND THE PROTEINS INVOLVED IN THE NUCLEAR 
FUNCTION 

When tumor cells are exposed to hyperthermia, changes 
in the nuclear structure and function have been observed. An 
irreversible inhibition of the incorporation oflH thymidine 
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into DNA of about 95% has been described in Novikoff 
hepatoma after 2 h of incubation at 42°C or 30 min at 43 °c, 
as well as inhibition of the incorporation of 3H uridine in 
RNA (24). Furthermore, exposure of HeLa cells to 
hyperthermia between 43 and 48°C has been shown to result 
either in the inhibition of replicon initiation and DNA 
replicative elongation or in reduced elongation rate of 
initiated replicons (25). As a consequence, in replicating 
DNA, single-strand nicks can occur which may represent the 
molecular lesions responsible for the chromosome aberrations 
produced to some extent in all cells by heat (26,27) . On 
the other hand, in the S phase a log-linear correlation has 
been reported between the extent of chromosome lesions and 
cell inactivation (26). Other than DNA replicative 
processes, also DNA repair synthesis was observed to be 
affected by heat. In fact, after exposure to 42.5 °C of 
Chinese hamster V79 cells, significant inhibition of DNA 
repair synthesis following exposure of cells to UV 
irradiation, which causes dimerization of adjacent 
pyrimidine residues, has been reported (28). Furthermore, 
heat has been reported to inhibit the repair of 
x-ray-induced DNA damage (29,30). A protein mechanism 
involved in the inhibition of DNA replication and/or repair 
observed during hyperthermic exposure may be represented by 
heat denaturation of replicative enzymes. DNA polymerase B 
has been shown to be damaged by heat treatment (31) but, 
according to some authors, the loss of polymerase activity 
after heating is not correlated with the cell death In 
fact, when acute or chronic thermotolerance has been induced 
in CHO cells by single or combined heat exposure, the 
thermal sensitivity of polymerase B was lowered while 
step-down heating of the cells doesn't alter the sensitivity 
of polymerase B to the second treatment (32). Also 
polymerase A, enzyme involved in the repair of X-ray induced 
DNA damage, is partially inactivated by heat, but doesn't 
appear to play a major role in the observed repair 
inhibtition. In fact, when HeLa cells are used to 
investigate possible mechanism of inhibitory action of 
hyperthermia on DNA repair, differential inhibitory kinetics 
of heat and aphidicolin, an inibitor of polymerase A, are 
observed on DNA repair and no full additivity of the 
respective effects has been reported for various 
combinations of these agents (33). 

On the other hand, a study performed on CHO cells 
showed that hyperthermic treatment at 45.5 6C induces 
non-specific increase, proportional to the heat treatment 
duration, of high molecular weight non-histone proteins 
isolated with DNA (34). Furthermore, when HeLa cells are 
heated at 45 oC, the nuclear matrix protein mass has been 
observed to increase linearly increasing the exposure time 
to heat, and an exponential relationiship is observed 
between heat-induced cytotoxicity and nuclear matrix protein 
mass increase (35). Alterations in the nuclear matrix 
protein mass has been also shown to be correlated in a 
log-linear manner with the inhibition of DNA 
single-strand-break repair (36). On the other hand, the 
nuclear matrix has been proposed to form scaffold on which 
DNA is organized into structural and funtional domains (37). 
Hyperthermic alterations of this structure might lead to 
inhibition of nuclear function (semiconservative replication 
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of DNA, DNA damage repair and DNA transcription into RNA and 
I or RNA processing) by physically obstructing the 
replicative enzymes or by altering the state of DNA 
supercoiling. Indeed, replicon initiation is associated with 
the nuclear matrix and requires the maintenance of DNA 
supercoiling or the ability to change it (38). Thus, 
inhibition of replicon initiation may result from the 
absorption of proteins at the sites of replicon initiation 
and this process may be inhibited until some or all of them 
are removed. The involved proteins may be the above 
described non-histonic ones, or the result of a 
redistribution of nuclear and cytoplasmatic proteins onto 
the cell nucleoskeleton from other cell compartments. 

HYPERTHERMIA AND THE HEAT SHOCK PROTEINS 

Besides changes in DNA synthesis and repair, 
hyperthermic treatment has been shown to determine complex 
modifications also in RNA and protein syntheses. When 
Novikoff hepatoma cells were exposed at 43 0C for 2 h, 
inhibition of incorporation of both 3H uridine in RNA and 1+C 
amino acids in proteins of about 88% and 95%, respectively, 
was reported (24). Furthermore, the rate of total protein 
synthesis has been shown to decrease rapidly upon shifting 
the incubation temperature of He La cells from 37 to 42°C, 
but the synthesis of proteins recovered during continued 
incubation at 42°C or when the cells were transferred back 
to 37"C (39). 

In numerous works, the recovery of protein synthesis has 
been reported to be due to the synthesis of a specific set 
of proteins called heat shock proteins, hsps (40,41). 
However, the induction of hsps is a general phenomenon 
obseved in almost all organisms and cultured cell lines 
after exposure to sublethal temperature as well as to other 
stimuli which are injurious to the cells, such as recovery 
from hypoxia, contact with heavy metal, ethanol, etc. (42). 

In eukaryotic cells the heat shock proteins, identified 
by SDS-polyacrilamide gel electrophoresis, may be classified 
in four major groups designed 16-28, 69-70, 80-90, 110, 
based on their respective molecular weights expressed in 
kilodaltons. Hsps of the same size are so similar each other 
in the diffent cell types and organisms that antibodies 
against a particular heat shock protein from one species 
usually cross-react with similar proteins from 
phylogenetically distant species. In particular, the hsps 
with molecular weight around 70 and 90 Kd seem to be the 
most highly conserved in nature. However, some variability 
among the species exists as regards the electrophoretical 
mobility of hsps, and for each class of hsps several 
isoforms may be recognized (43). 

Each specific temperature value reached during the 
heating process induces the expression of a specific hsp 
pattern. In in vitro conditions, the pattern of hsps induced 
in tumor cells has been reported to change in dependence of 
the different cell lines, culture conditions, modality of 
hyperthermic treatment. Although the hsps are generally 
expressed also in normal cell and I or in normothermic 
conditions, qualitative and quantitative differences may be 
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observed in tumor cells. HeLa cells heated at 42°e for 2 h 
or 45 0 e for 10 min show an increase in protein synthesis of 
70, 73, 78, 85, 92, 105 Kd, expressed at a reduced level 
under normal growth conditions. However, an additional 
protein with molecular wheigh of 90 Kd has been found to be 
produced only at 42 ce, but not at 37 c e nor at 45 oe. Although 
the kinetics of the induction of this protein is the same as 
one of the major heat shock proteins, the 70 Kd one, the 90 
kd protein seems to undergo a regulatory mechanism different 
from the other heat shock proteins. In fact, although a 
variety of agents such as ethanol, arsenite, euso. , 
puromicyn, canavanine etc. induce the other heat shock 
proteins, the 42 ce specific protein is not induced by such 
treatments (44). Furthermore, differential heat shock 
response has been reported for primary human cell cultures 
and established cell lines. After hyperthermic treatment, an 
increase of hsp 70 synthesis of about 20-25 fold has been 
observed in established cell lines SV80 and Ht-l080, 
respectively, while the increase varied from 7-14 fold in 
primary cell cultures, fibroblasts F2300 and Meningioma 
T2300. In addition to hsp 70, a new protein called T 70 and 
characterized by similar size , appeared in 42 ce cell line 
while it was completely absent in primary cell culture (45). 

When the hsp induced synthesis was studied in cultured 
lung cells, the synthesis of 70 Kd protein was shown to be 
markedly stimulated in normal, malignant and SV40-trasformed 
cells, while 90 and 100 Kd proteins were demonstrated to be 
stimulated only in malignant and SV40 transformed cells. 
Morever, different heat exposure conditions are reported to 
be necessary for induction, i.e, 43 ce for 1 h for normal 
cells and 410e for 1 hour for malignant cells (46). 

On the other hand, some works indicate that there are 
few differences between normal and tumor cells. In fact, a 
study on the heat shock response of a syngenic rat mammary 
adenocarcinoma cell clone and a rat lung endothelial cell 
clone reports few differences in heat shock protein 
synthesis after exposure at 42 0 e for 1 h. In fact, the hsp 
groups having greater molecular weight have been shown to be 
comparable in the clones studied. However, some apparent 
differences in synthesis rate of hsp between the two cell 
types have been observed and they might have a key role in 
the phenotypic differences between these cells (47). 

Despite the induction of hsps by heat is a well 
characterized phenomenon, although not very specific, the 
biological role of these proteins is unclear. Taking into 
account that synthesis of hsp is observed in response to 
different enviromental insults (42), the involvment of hsps 
in protecting cell from damage in adverse situations may be 
assumed. In the in vivo hyperthermic treatment of rats it 
has been reported a marked decrease in photoreceptor 
degeneration when their retinas were exposed to bright light 
as compared to the animals kept in normothermic conditions. 
Such protection has been reported to be concomitant with 
retinal synthesis of three types of heat shock proteins 
(48). A protective role of hsps also seems supported by a 
good correlation established between the induction of the 
elevated synthesis of the hsps and the development of 
thermotolerance (49), in addition to the isolation and 
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characterization of heat-resistant variants of mammalian 
cells that express elevated level of hsps (50). Moreover,a 
brief incubation at 45°C has been reported to be lethal to 
fibroblasts after microinjection of antibodies against hsp 
70, indicanding that functional hsp 70 is required for 
survival of these cells during and after thermal stress 
(51). Furthermore, suppressing the expression of hsp 70 gene 
has been shown to make these modified cells more 
thermosensitive (52). 

The correlation between induction of hsps and 
development of tolerance to subsequent thermal shock 
contrasts with the above mentioned correlation between 
cytotoxicity and heat-induced increase in nuclear 
matrix-associated proteins (35). However, a possible 
concatenation can exist. In fact, acute heat shock might 
result in a redistribution of critical cell proteins and 
their absorpition onto the cell nucleoskeleton (35). The 
subsequent functional sequestration of these proteins 
results in cytotoxicity. The elevated synthesis and 
replacement of a similar set of proteins which occur during 
milder heat stress produces a thermotolerant state. This 
speculation is supported by the observation that a specific 
set of polypeptides with molecular mass similar to the HeLa 
hsps have been observed to become tightly associated with 
the cell's nucleoskeleton during acute thermal shock (53). 
On the other hand, a role of hsps in stabilization of the 
structure of proteins involved in metabolic processes 
critical for cell survival has been suggested (54). 

Hsps might act by stabilizing cell proteins against 
denaturation, promoting the renaturation of partially 
denatured proteins or assisting other proteins in moving 
from one part of the cell to another. Hsp 90, together with 
an uncharacterized phosphoprotein, have been reported to 
interact with a membrane protein, pp 60, in a complex soon 
after its synthesis (55). After the dissociation of this 
complex, pp 60 is activated and inserted into the plasma 
membrane in a concerted manner (56). 

However, a role of hsp in cell growth and 
differentiation has also been suggested. In mouse embrional 
carcinoma cells, differentiation promoted by retinoic acid 
or the turn to blastocyst stage has been shown to be 
accompanied by the synthesis of hsp 68 and hsp 115, proteins 
that were not induced by heat treatment (57). 

HYPERTHERMIA AND MEMBRANE PROTEINS 

After heat treatment in the range of 41-45 °C, wide 
alterations are observed in the cellular membranes, which 
serve central roles in maintaining the biochemical activity 
of the cells. It is unclear, however, if membranes represent 
the primary target of heat damage or rather the damage is a 
consequence of events triggered in different cellular sites. 

The morphological and physiological 
plasma membrane are well characterized 
in cellular surface morphology, surface 
of cells to substrate, binding 
permeability (58). 

alterations in the 
and include changes 
charge, attachment 

of growth factors, 
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The formation on the plasma membrane of projections, 
blebs, ruffles, nodules or invaginations is usually observed 
in the heat damaged cells (59,60). An electron microscopy 
study, carried out on Chinese hamster V79 fibroblasts has 
shown, after heat treatment at 42-45°C for variable times, 
the heat-dose-dependent occurence of remarkable 
interruptions in the plasma membrane as well as in the 
nuclear membrane (61). 

After exposure at 42°C for 15 min the electrophoretic 
mobility of mastocytoma cells has been shown to decrease, 
recovering the normal value after incubation at 37°C for 24 
h • However, when prolonged hyperthermic exposure (60 min to 
42QC ) is used, no recovery occurres (62). The decrease of 
the surface charge density, after hyperthermic exposure (43 

·C), has been established also for two leukemic cell lines 
(63). Moreover, in L fibroblasts the alteration in charge 
distribution seems to affect the attachment of the cell to 
the substrate (64). Changes in membrane potential have been 
observed: hyperthermic exposure (38-42 0 C) for 1-2 h has been 
reported to bring about 6-15 mV depolarization of the plasma 
membrane of normal hamster lymphocytes and a 2-6 mV 
hyperpolarization of tumor cells (65). 

High temperature may also affect the membrane 
permeability so that normal transmembrane gradients of ions 
and metabolites are disturbed. Heat causes an immediate and 
very pronounced ( but reversible) increase in the rate of 
passive diffusion of low molecular weight substances through 
the membranes (66). Treatment at 40-42°C irreversibly 
modifies the potassium-dependent trancellular migration of 
glutamate of Novikoff hepatoma cells (67). An increase of 3H 
uridine permeability in RK-13 cells after incubation at 42°C 
for 1-3 h, as well as the release of radiolabeled proteins 
from 3T3 cells are observed (68,69). In suspensions of 
mastocytoma P8l5 cells, the content of potassium and 
chloride ions , measured by radioisotopic technique, has 
been shown to decrease when temperature is raised from 37 to 
43 cc with a concomitant increase in the proton 
concentration: the decrease of the ions concentration, 
particularly potassium, and the decrease in cellular pH have 
been proposed to affect the cell survival (70). 

When the measure of the intracellular concentration of 
free chloride and potassium ions is performed in murine 
neuroblastoma cells, reduced intracellular K+ and Cl
concentrations are observed only in a small number of cells 
that had a distinctly mottled morphology and included the 
trypan blue, while no significant changes has been detected 
in the cells that exclude the dye, even when clonogenic 
survival is less than 1 %. The results obtained seem to 
indicate that the perturbation of the ion content is not the 
mechanism by which hyperthermia initiates reproductive cell 
death, but a consequence of it (71). 

Moreover, the function of some cellular membrane 
proteins has been reported to change after exposure to heat. 
Functional membrane protein damaged by heat may be 
represented by the membrane receptors. A lowered affinity 
for insulin and epidermal growth factor has been shown, 
although the different receptors appear to be differently 
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affected by heat; in fact, the binding of epidermal growth 
factor to CHO cell has been shown to be less sensitive to 
heat than insulin binding (72,73). Other important proteins 
reported to be affected by heat are particular membrane 
ATPases • The ability of the Ca-ATPase of sarcoplasmic 
reticulum to transport calcium has been shown to be reduced 
at 40-45~C (74), and a redistribution of cellular calcium 
may occur resulting in important cellular events (75). In 
fact, calcium ion is biologically very active, acting either 
directly on as a second messanger in most biochemical 
processes (76). Hyperthermia at 43 0 C has been reported to 
cause also modification of membrane Na-K ATPase, leading, at 
least in part, to the decrease of €6Rb transport in rabbit 
kidney RK-13 cells (68). 

The molecular mechanism by which hyperthermia can 
affect the membrane function is yet unclear, taking into 
account that it is difficult to distinguish between direct 
effect due to the proteins, to the lipids or effect 
dependent to lipid-protein or protein-protein interactions. 

In numerous works a key role of the membrane's proteic 
components has been proposed. The hyperthermic conditions 
that affect the cell survival have been reported to 
determine changes in the protein conformation rather than in 
the lipid structure. In fact, mithocondria and whole cell 
homogenates of different cultured Chinese hamster cell 
lines, studied using either an electron spin resonance label 
or a fluorescent probe, have not shown the existance of 
lipid transitions at a temperature (40-41.5 CC) which affects 
the cell survival, whilst the irreversible transition in 
protein structure or arrangement has been observed (77). 

Moreover, in a quantitative freeze-fracture structural 
study performed on the plasma membrane of Chinese hamster V 
79 fibroblasts after exposure of the cells at 43 0 C for I h, 
an increase in density and size of intramembranous 
particles, elements assumed to represent the membrane 
proteins, has been shown. A rearrangment and lor unfolding 
of membrane proteins, a greater rate of membrane protein 
synthesis as well as the apposition on the membrane of newly 
synthesized proteins might be responable for the observed 
phenomenon (78). 

On the other hand, changes in the synthesis of lipids 
are reported to occur in V79 Chinese hamster cells. Subtoxic 
heat treatment seems to determine an increase of cholesterol 
and a decrease in the phospholipids during the 24 h period 
after the heat treatment (79). This variation in lipid 
composition might represent the adaptative response to heat. 
In fact, hyperthermic treatment has been reported to 
increase the fluidity of membranes (80). In general, 
increased concentration of cholesterol and saturated fatty 
acid in lipids rigidify membranes, while increased levels of 
unsaturated fatty acids in lipids increase membrane 
fluidity. Phospholipid head groups have also significant 
effects on acyl chain motion (23). However, the lipid 
fluidity ~ ~ is most probably of little importance for 
the cell, but it becomes important for the stabilization of 
the protein conformations. In fact, the lipid composition of 
cellular membranes has been reported to affect the heat 

107 



sensitivity of mammalian cells in a manner dependent on the 
proteins. A correlation between the lipid (both cholesterol 
and phospholipids)/protein weight ratio and the increased 
resistence of mammalian cultured cells to elevated 
temperature has been suggested, taking into account the fact 
that the cell lines which are more resistant to 
hyperthermia-induced cell killing contained both more 
cholesterol and more phospholipid relatively to protein in 
particulate fraction (81). 

The importance of lipidic component is, however, 
substantiated by the observation that changes induced in 
fatty acid composition can affect the cellular response to 
heat. Changes in the fatty acid composition can be obtained 
in cultured cell lines by adding a specific fatty acid to 
the culture medium. The type of change induced in fatty acid 
pattern of a cell and the effect on its thermosensitivity 
are, however, reported to be dependent on the fatty acid 
used as a consequence of the different degree of fluidity 
induced (82). 

The possibility to enhance cell thermosensitivity by 
altering lipid composition may have a therapeutic imortance. 
Modulation of tumor membrane lipid composition can be 
performed even in vivo by varying the diet. The sensitivity 
of mice solid tumors to local hyperthermic treatment has 
been reported to increase by feeding the animals a diet 
enriched in linoleic acid (83). In this context an 
enhancement of hyperthermic effect has been observed after 
liposomal vesicle treatment of a cultured cell line (84). In 
fact, when cultured M14 melanoma cells were treated at 42.5 

°C for 3 h after a preincubation with empty multilamellar 
liposomes contained l-~- dipalmitoylphosphatidylcholine, the 
plating efficiency was found to be decreased significantly. 
Research on the mechanisms by which empty liposomes can 
affect ~ se the response of cells to hyperthermic 
conditions are in progress in our laboratory. 

HYPERTHERMIA AND THE PROTEINS INVOLVED IN THE OXYGEN FREE 
RADICAL PRODUCTION 

Among the proteic functions inside the tumor cells that 
can be involved in the cellular response to heat shock, 
particular emphasis should be turned to the enzymes involved 
in the production and scavanging of the oxygen free 
radicals. In fact, the increase of the steady state 
concentrations of the superoxide radical 0i, hydrogen 
peroxide H20zand the more reactive hydroxyl radical OH~ 
(that is formed by HZ 02 and 02 in Haber-Weiss rection 
catalyzed by transition metal ions), could be responsable 
for the cellular damage and death consequent to hyperthermic 
treatment. These products of the partial reduction of 
molecular oxygen are known to interact with various cell 
components leading to inactivation of enzymes, degradation 
of DNA and polysaccharides and induction of lipid 
peroxidation (85). 

Hyperthermic treatment may be supposed to determine the 
conditions for increasing the oxygen radical flux affecting, 
by means of a complex cascade of events, the rate of radical 
production at the mitochondrial and microsomal redox chains 
level as well as at the level of oxidases and oxygenases. 
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Generally, free 0; and Hz 02 can be detected in 
mitochondria when electrons bypass the terminal acceptors of 
the redox chains and directly reduce Otvia a single-electron 
step. At the stage where single-electron transfer metals 
(Fe,Cu) and semiquinones (flavin, Coenzyme A) are involved, 
single-electron transfer to oxygen may occur (85,86). Heat 
shock could promote the mithochondrial production of oxygen 
radicals probably by disrupting the organization of the 
electron transport assemblies of the membrane. In this 
context, modifications in the structural and functional 
characteristics of the mithochondria have been reported by 
different authors. On the other hand, mithocondrial 
modifications can be induced also as a consequence of heat 
damage to the cytoskeletal components (87), but also in this 
case an involvement of oxy radical in disruption of the 
cytoskeleton has been suggested (88). 

Ultrastructural studies have shown that heat can induce 
mitochondrial morphological changes, similar to the 
modifications produced by unclouplers of oxidative 
phosphorilation (89). In Chinese hamster V 79 fibroblasts 
after 1 h of treatment at 42 c C, the mitochondrial cristae 
appear dilated and the mitochondria swollen; the 
intracristal spaces appear enlarged after 1 h of treatment 
at 43°C and very irregular and dilated cristae are exhibited 
after exposure at 45 0 C for 1 h (61). Furthermore, in Chinese 
hamster spheroids incubated at 42°C, an initial but short 
increase in oxygen consumption, followed by a precipitous 
decline, has been shown to occur (90). A selective and 
irreversible damage to the respiration was observed in human 
and experimental tumors. In Novikoff hepatoma cells, for 
example, after 1.5 h incubation at 42 oC, about 75 % 
inhibition of oxygen uptake was observed (21), whereas in 
minimal deviation hepatoma cells a longer incubation time is 
necessary for observing the inhibitory effect (7). It should 
be pointed out that in regenering liver cells, used as 
normal control tissue, only less than 20% inhibition was 
observed, in the same experimental conditions. Absence of 
selective heat sensitivity of respiration has been observed 
in tumor acellular preparations (21). On the other hand, 
probably due to the different experimental conditions 
employed, in the isolated mitochondria of Ehrlich ascite 
tumor cells the rate of oxygen consumption and the redox 
state of the respiratory carriers has been reported to be 
affected by heat, the cythochrome segment being indicated as 
the most heat-sensitive part of the respiratory chain (91). 
The heat in a range of 4l-45 0 C has been reported to uncouple 
oxidative phosphorilation of mouse liver mithocondria and, 
in this case, the succinate-citochome c site seems to be 
more sensitive to high temperature than citochrome c-oxygen 
site (92). Moreover, when evaluating the cyanide-resistant 
respiration as an upper-limit measure of intracellular 
production of 0Z' it has been reported that it rapidly 
increases in rat lung slices under heat shock and remains 
elevated for lh of exposure of the tissue at 4loC (93). 

The rate of production of oj and Hl O~ can also be 
affected by heat at the level of the oX1dases. In this 
regard, a special emphasis should be given to the oxidative 
degradation of hypoxanthine to xanthine, and of xanthine to 
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urate by xanthine oxidase. In fact, as a consequence of 
insufficent ATP production due to decreased respiration, an 
increase of cytosolic C~~may occur, which in turn activates 
a protease capable of converting xanthine dehydrogenase to 
the oxidase. Concomitantly, depletion of cell ATP results in 
an elevated concentration of AMP, which is then metabolized 
to adenosine, inosine, hypoxanthine and xanthine (94). 

Other possible sources of 0i could be represented by 
cyclooxygenase and lipooxygenase, since hyperthermia has 
been reported to increase phosphatidylinositol I turnover 
and to release arachidonic acid, the substrate for 
cyclooxygenase and lipooxygenase (95). 

An accelerated rate of production of the oxygen free 
radicals could also result as consequence of the increased 
rate of enzymatic activity of amine oxidases on polyamines, 
which are organic polycations present at high concentrations 
into the cells and, at particularly high levels in cancer 
cells. These molecules are known to enhance the cytotoxic 
effect of heat when added to the medium of cell cultures 
(96). Although a model has been proposed for polyamine 
modulation of hyperthermic cytotoxicity according to which 
they may interact with targets on the outer membrane surface 
, evidences have been accumulated suggesting that the 
oxidation products of polyamines produced by amine oxidases 
(aldehydes and hydrogen peroxide) may be responsable for 
their toxic effect on tumor cells (97). In fact, the 
addition of diamine oxidase (DAO) to Ehrlich ascite cells 
strongly enhances the cytotoxic effect of heat (98). 
Immobilized DAO injected intraperitoneally into Ehrlich 
ascite tumor bearing mice, inhibited tumor growth (99). 

Although the production of free radicals is dependent 
on O~ availability, a role of oxy radicals in the killing 
effect of heat is possible even under hypoxic conditions. In 
fact, the uncoupling of oxidative phosphorilation can occur 
in mitochondria even at low oxygen tension (100) and, on the 
other hand, Km values for oxygen around 24-240 uM are known 
for xanthine oxidase, while the oxygen tension, even under 
hypoxic condition, ranges from 1-100 uM (101). 

Against oxidative processes mediated by oxygen derived 
free radicals, cells have evolved some systems of 
protection. In particular, antioxidant enzymes such as 
superoxide dismutases (SOD) contained in both mitochondria 
and cytosol which catalyze the dismutation of oito OLand HZO~ 
, catalase in the peroxisomes (CAT) which metabolizes HlO~to 
Oland HLO ,and glutathione peroxidase (GSH-Px) that is 
present in the cytosol and which, by oxidizing glutathione 
(GSH), metabolizes HZ 0l or organic hydroperoxide. The 
catalytic function of the these three enzymes in the cells 
is concerted so that catalase and gluthatione peroxidase 
match the HlOLproduction derived from 0idismutation (102). 

of 
the 

In the tumor cells, high steady state concentration 
heat-induced oxygen free radicals might be sustained by 
characteristic pattern of the antioxidant enzymes 
activity of either the cytoplasmatic Cu-Zn SOD 
mitochondrial form containing Mn with respect to 

Low 
or the 
their 
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normal counterparts have been found in tumor cells (103). 
Similarly, also catalase and gluthatione peroxidase 
activities were found to be low (104,105). 

On the other hand, also the metabolic ratio between the 
formation of HlOLby SOD and its removal by GSH-Px has been 
claimed to be important in determining the resistence to 
intracellular oxidative stress. In fact, Ehrlich ascite 
cells that have a GSH-Px/SOD ratio much lower than normal 
controls have been demonstarted to be extremely sensitive to 
intracellular and extracellular 0tand HZOlflux (106,107). 

In cloned normal mouse embryo cells and their Simian 
virus 40-transformed derivatives, a correlation between low 
levels of antioxidant enzymes and thermosensitivity has been 
demonstarted (108). The transformed cells that have been 
shown to possess undetectable Mn SOD and markedy low level 
of Cu-Zn SOD, CAT and GSH-Px activities are selectively 
killed by exposure to lethal hyperthermia, whereas the 
normal cells, having significantly higher enzyme activities, 
have been demonstrated to be resistant to hyperthermic 
injury. On the other hand, in both cell types the 
hyperthermic effect appear enhanced after a pretreatment 
with diethyldithiocarbamate (DOC), an inhibitor of Cu-Zn 
SOD. Chinese hamster cells have also been reported to be 
sensitized to heat by treatment with DOC at doses that don't 
affect cell viability in normothermic condition (109). 

Furthermore, it has been reported that GSH-depleted
cells are more sensitive to heat shock (110,111). This 
finding might support the involvment of oxygen radicals in 
the cytotoxic effect of hyperthermia, taking into account 
that GSH plays an integral role in the maintenance of the 
cellular redox state and detoxification (112). 

Fluxes of superoxide or other oxygen free radicals, 
induced by treatment of the cells with redox active 
compounds are known to increase the intracellular SOD level. 
These SOD-enriched cells seem to be protected against 
subsequent exposure to the free radical-producing agents 
(113, 114). An induction of SOD after hyperthermic treatment 
has been reported, suggesting a correlation with the 
development of thermotolerance. In CHO and ovarian carcinoma 
cells, a rise in Cu-Zn SOD activity was reported after 
heating to induce thermotolerance (115). An increase of the 
synthesis of Cu-Zn SOD has been observed also in rat lung 
either .in vitro or in vivo (93). The induction of the 
antioxidant enzymes has been reported to require different 
times with respect to the induction of heat shock proteins. 
On the other hand, while the induction of heat shock 
proteins involves de novo trascription and selective 
translation of the respective mRNA species (41), the 
increased synthesis of Cu-Zn SOD by lung appears to be 
mediated by posttrascriptional events (93). Sublethal 
hyperthermia has been reported to cause an induction of CAT, 
GSH-Px Cu-Zn SOD also in mouse embryo cells but several 
hours seem to be necessary for the induction (108). 

CONCLUSION 

The results herewith reported indicate that tumor cells 
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are selectively damaged when heated under appropriate 
conditions of time and temperature. 

"Selectively" means that the heat-induced damage 
provoked in normal control cells has a much lower extent or 
is even practically absent, under the same experimental 
conditions with respect to the cancer cells. 

A specific biochemical target of the hyperthermic 
damage has not been so far identified, occurring most 
probably a simultaneous concurrence of different causes. 

Anyway, concerning the in vivo applications of 
hyperthermia as a therapeutic ~chnique for cancer 
treatment, it should be recalled that the effect of eventual 
biochemical lesions provoked by heat on the impairment of 
the cell survival should be considered in addition to other 
secondary physiological modification involving the cytotoxic 
effect of heat. Such mechanisms include, among the others, 
enhancement of immune response and factors involving the 
vascularization of tumor tissue. 
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INTRODUCTION 

Utilization of interstitial applicators in clinical 
hyperthermia offers useful advantages such as more 
homogeneous and greater heating of the target volume and 
also smaller energy absorption in surrounding tissues. For 
thermal effectiveness a particular precision of the 
instruments must be used in the characterization of 
antennas. The intent of this work is to present three 
methods for characterization of interstitial applicators and 
planning methodology for clinical use. 

MATERIALS AND METHODS 

In our institute, the available system is the SAPIC 
sv03/A made by Aeritalia, Gruppo Sistemi Avionici ed 
Equipagggiamenti, Casell Torinese. This system allows 
electromagnetic generation, power delivery in patients, 
measurement and registration of temperature data. It also 
includes a program which simulates temperature distribution 
into heated volumes: according to the simulation results, 
it is possible to optimize all treatment parameters. For 
interstitial hyperthermia, the system works in local mode: 
parameter control and regulation are completely committed to 
operator experience; the computer and all the peripheral 
unities are in fact totally unfitted. The system itself is 
able to prevent every wrong command on the operator's behalf 
and to manage situation that can damage treatment security: 
for this purpose there is a hardware logic included in the 
system. 

The interstitial antennas are dipole ones, and have a 
length of 125 mm and a diameter of 2mm. The junction is 
posed at 3.5 cm from the distal extremity of the antenna: 
the characterization made shows that heating reaches the 
maximum value exactly at that point. The antennas are 
covered by teflon; the range of interest is microwave range 
and the working frequency is 915 MHz. They are controlled 
by a 8 channel power drive that is able to distribute the 
total output power of 1- 8 parts according to the number of 
applicators. 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bicher et al. 
Plenum Press, New York, 1990 

121 



To control the power distribution of antennas we have 
used optical fibers and an Infrared Thermograph. The first 
ones are GaAs optical fibers that allow temperature 
measurements with an accuracy of 0.1 C. They have 
stability, precision and durability and show an excellent 
bio-compatibility. They give eight temperature measurements 
through four single sensors (0.3 mm in diameter) and a 
multiple sensor which allows four measurements using only an 
optical fiber. They have a disadvantage: their information 
is limited to few points. Because of that we didn't limit 
our characterization to this kind of measurement but also 
used the thermograph which offers good accuracy and 
satisfactory information about the temperature reached after 
heating. The available system is the Thermal Video System, 
TVS-300 Series; it is a piece of equipment used to measure 
the temperatures at various points of the volume of interest 
under non-contact, and display in pseudo color, it's 
temperature distribution on a TV monitor. TVS primarily 
consist of an infrared camera head, an image processor and a 
monitor. The camera head will receive infrared rays emitted 
from the surface of an object and convert them to electrical 
signals. The processor will convert electrical signals from 
the camera head to digital signals, record their signals on 
a frame memory and then process these signals to display 
thermal image in real time in color or monochrome in 16 
levels of shading on a color monitor screen. It can 
accomplish displays of various modes of thermal image by 
it's built-in microprocessor such as displays of selected 
shade level, still image displays, temperature indication of 
a desired point of thermal image and time and message 
displays. 

The simulation program, which is used to compare 
experimental, to calculated antennas characterization, is 
included in the SAPIC sv03/A system. It was developed by a 
collaboration between Aeritalia and Electriconic and 
Automatic Department of Engineering University of Ancona. 
It calculates the irradiated field in phantom; this means 
SAR (Specification Absorption Rate) determination for a 
muscle simulated phantom. Data related to Sar was compared 
to data obtained from experiments (with optical fibers and 
Thermograph). When the simulation program is used to 
optimize interstitial treatment, it calculates the 
temperature distribution from surrounding heating exchange, 
the power delivered by the applicator (by SAR), the power 
taken away by the blood flow, and the power delivered by 
metabolism: These latter parameters are deduced by a TC or 
ecographic image. 

Interstitial Hyperthermia is carried out in combination 
with Brachytherapy with 192Ir. The protocol treatment 
provides two interstitial Hyperthermia sessions of 45 
minutes at 42-45 degrees C with an intermediate 
Brachytherapy session (30Gy in 30 hours). 

CHARACTERIZATION 

The characterization was performed in a muscle 
simulation phantom: they were parallel pipes 12.5 cm thick 
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monitor. The camera head will receive infrared rays emitted 
from the surface of an object and convert them to electrical 
signals. The processor will convert electrical signals from 
the camera head to digital signals, record their signals on 
a frame memory and then process these signals to display 
thermal image in real time in color or monochrome in 16 
levels of shading on a color monitor screen. It can 
accomplish displays of various modes of thermal image by 
it's built-in microprocessor such as displays of selected 
shade level, still image displays, temperature indication of 
a desired point of thermal image and time and message 
displays. 

The simulation program, which is used to compare 
experimental, to calculated antennas characterization, is 
included in the SAPIC sv03/A system. It was developed by a 
collaboration between Aeritalia and Electriconic and 
Automatic Department of Engineering University of Ancona. 
It calculates the irradiated field in phantom; this means 
SAR (Specification Absorption Rate) determination for a 
muscle simulated phantom. Data related to Sar was compared 
to data obtained from experiments (with optical fibers and 
Thermograph). When the simulation program is used to 
optimize interstitial treatment, it calculates the 
temperature distribution from surrounding heating exchange, 
the power delivered by the applicator (by SAR), the power 
taken away by the blood flow, and the power delivered by 
metabolism: These latter parameters are deduced by a TC or 
ecographic image. 

Interstitial Hyperthermia is carried out in combination 
with Brachytherapy with 192Ir. The protocol treatment 
provides two interstitial Hyperthermia sessions of 45 
minutes at 42-45 degrees C with an intermediate 
Brachytherapy session (30Gy in 30 hours). 

CHARACTERIZATION 

The characterization was performed in a muscle 
simulation phantom: they were parallel pipes 12.5 cm thick 
in which there were inserted the antennas through teflon 
guides. The thermal distribution was studied in a plane 
only because of the heating symmetry. The optical fibers 
were positioned in parallel lines with the antennas, the 
thermograph camera in front of the phantom surface. 
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Fig. 1 shows the thermal behavior of the optical fibers. 
Fig. 2 the isotherms obtained through the thermograph. 
Fig. 3 shows the S.A.R. images calculated by the simulation 
program of a four antenna array. 
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Fig. 1. Temperature behavior obtained by optical fibers 

Fig. 2. Isotherms obtained by Infrared Thermograph 
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Fig. 3. SAR distribution calculated by simulation program 

CLINICAL CASE 

A patient affected by a recurrent soft tissue sarcoma 
of the forearm was treated with a combination of 
interstitial hyperthermia with 192Ir. A treatment planning 
was studied according to the lesion geometry and size: the 
disposition and the number of the radioactive sources was 
appropriately selected. By ecography images an anatomical 
map of the lesion was designed; then the antennas were 
placed in order to have the best homogeneity of heating and 
the SAR was calculated. On this ground the hyperthermic 
treatment was simulated. Fig. 4 and Fig. 5 show the 
modality of the two treatments, and Fig. 6 the 
characteristic of the implantation. 

Fig. 4. Planning for Brachytherapy treatment. 
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Fig. 5. Temperature distribution obtained by simulation. 

Fig. 6. Implant representation. 
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CONCLUSIONS 

One week after the treatment, there was a blister on the 
skin in correspondence of a cranial antenna. 

Four months after the treatment, the patient was operated 
on with a conservative procedure and now he is living 
without disease or complications. 
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Malignant brain tumors comprise a devastating class of diseases with an overall dismal 
prognosis. The incidence of primary malignant gliomas, the most common category of 
primary intracranial tumors, is 12,000 to 15,000 patients per year in the United States.1,2 
Metastatic brain tumors are reported in an additional 100,000 patients per year.3,4 
Whereas the survival of patients with metastatic intracranial tumors is often determined by 
widespread systemic disease, in primary intracranial malignancies local recurrence represents 
the major source of failure. Despite aggressive cytoreductive surgery, radiation therapy, 
and chemotherapy, the clinical outcome is generally grim. Salcman (1980) in a review of 
1561 glioblastoma cases treated with maximal resection, with or without the addition of 
radiation or radiation plus chemotherapy, found a two-year survival of 10%.5 Walker 
(1978) in a study of 222 patients with anaplastic gliomas found 1% survival at 24 months 
with surgery and radiation therapy, and 5% survival at 24 months with surgery, BCNU and 
radiation.6 Multiple combinations of modalities and different approaches have been 
explored quite extensively by many investigators. Even studies resorting to extreme 
approaches using high doses of radiation and chemotherapy have yielded only limited 
benefits to a minority of the population at risk.4,5,7.12 As expected, these cases have been 
accompanied by significant side effects and complications.13,14 Regrettably, anticipated 
refinements in standard therapies are not expected to appreciably improve the prognosis for 
patients with malignant gliomas.9,15,16 

Interstitial delivery of therapy to brain tumors has a substantial appeal, because local 
application of radiation, chemotherapy, or heat therapy may allow doses otherwise 
intolerable to the whole brain to be delivered directly to the tumor. Intratumoral implanta
tion of radiation sources and chemotherapy carriers is being explored actively at several 
centers.17.19 This review focuses on interstitial delivery of local heat therapy by conductive 
techniques--i.e., conductive, interstitial hyperthermia--in the treatment of intracranial tumors. 

lSupported in part by Grant CA-38144 from the National Cancer Institute, U.S. Public 
Health Service, Bethesda, Maryland, USA 
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INTRODUCTION 

The concept of hyperthermia or heat as a therapeutic modality for malignancies is not 
new. The history of hyperthermia over the past 5,000 years has been amply discussed in 
recent reviews.2().22 What is new is the ability to produce controlled localized elevation of 
temperature inside and around tumors, fostered by advances in electronic and computer 
technology during the last two decades. Interstitial delivery carries the advantage of direct 
deposition of energy in the form of heat into the tumor tissue, allowing treatment of deep 
seated lesions with minimal insult to surrounding normal tissues. 

The first modem clinical report of interstitial hyperthermia as a treatment modality for 
brain tumors was published by Sutton in 1971.23 He reported the short-term application of 
an invasive, resistive heating system, placed into an area presumably bearing tumor; chemo
therapy was administered at the same time. Because of the nonexistence of computerized 
tomography, and the limited number of cases, it is difficult to know what benefits were 
accrued. In 1981, Salcman and Samaras reported the use of single-microwave-antenna 
systems operating at 2450 mHz in six patients who were treated sequentially with brachy
therapy and chemotherapy.22,24 In 1985, Winter et al presented a report of 12 patients 
with malignant gliomas of different grades, treated with multiple microwave antennae 
systems also operating at 2450 mHz.25 Subsequently Roberts et al. in 1986 reported the 
results of treatment in six patients with malignant gliomas sequentially treated with 
interstitial hyperthermia and Iridium-192 brachytherapy.17,18 Roberts's microwave antenna 
array operated at 915 mHz. All of the above investigators have limited their treatments to 
60 minutes or less at each session (with one or two sessions administered to most patients) 
in combination with brachytherapy and/or chemotherapy, therefore blurring the specific 
effect of hyperthermia. 

The major significance of these early studies was that they showed the remarkable 
ability of the brain to withstand implantation of multiple catheters. Despite the 
inconclusive long-term results, technical feasibility and reasonable patient tolerance of 
interstitial catheter implantation were well demonstrated. Side effects were limited and 
reasonable in the context of the underlying disease.17,18,22.25 

Interstitial Hyperthermia 

Previous experience by the authors with interstitial brachytherapy led to the develop
ment of the concept of volumetric interstitial hyperthermia therapy.14,26,27 By volumetric 
interstitial therapy, we mean the stereotactic placement of multiple catheters or therapeutic 
modalities in a symmetric pattern, in sufficient quantity to completely span the imaged 
tumor volume. With volumetric interstitial hyperthermia, the heating pattern can be 
contoured to tumor geometry. In this sense, volumetric interstitial hyperthermia allows the 
elevation of temperature in a defined volume of tissue above a cytocidal level. This 
approach allows effective treatment of the entire tumor mass including the actively growing 
neoplastic cells located peripheral to the contrast enhanced tumor margin. 

Among interstitial hyperthermia techniques previously available, microwave and radio
frequency based approaches can produce physical side effects in normal tissues, especially 
unexpected hot spots in hard-to-predict locations. The fundamental physical properties of 
these radiant energy sources make it very difficult to rigorously control power deposition in 
a precisely configured pattern that fits the irregular tumor geometry. With conductive 
hyperthermia techniques (ferromagnetic thermoseeds, hot water perfusion, or electrically 
heated catheters), however, the maximum temperatures occur at known points: the 
conductive heating sources themselves. The temperature distributions in surrounding tissue 
are, as will soon be discussed, predictable and in principle controllable to a high degree of 

130 



accuracy.2B Furthermore, no energy is deposited directly in the tissue. Instead, energy is 
applied to each heat source, which in turn warms tissue in close proximity by simple 
thermal conduction and blood convection. 

Mter exploring the various alternatives available for interstitial hyperthermia 
generation, we selected a conductive system using electrically heated catheters because of 
its ease of operation, its clearly focused and predictable thermal effects, and its ease of 
temperature regulation. The use of heated interstitial catheters obviates the possible 
physical side effects that microwave, radiofrequency or ultrasound can produce in normal 
tissues; implantation of catheters into the tumor in a uniform pattern and selecting the 
heating element length to correspond to the dimensions of the tumor results in a singular 
match of treatment to target. Heat delivery to nearby normal tissues is thus limited, 
decreasing the incidence of side effects. Furthermore, when hyperthermia is provided by 
electrically heated catheters, the therapy is inherently suited to computer control, with the 
potential ability to continuously compensate for changing blood flow by varying heat 
delivery. Because of the ease of operation of such a system, prolonged hyperthermia (i.e., 
72 hours) can be administered without much additional effort. 

The Process of Conductive Interstitial Hyperthermia 

The following temperature parameters are important in understanding the process of 
conductive hyperthermia using electrically heated catheters: internal catheter temperature, 
catheter surface temperature, and minimum tumor tissue temperature. Because of 
necessities of catheter construction, there is a temperature gradient through the sheath of 
the catheter such that the surface temperature is lower than the internal temperature by a 
predictable amount. The catheter surface temperature is thus the maximum tissue tempera
ture. Because of heat transfer created by thermal conduction and blood perfusion in the 
tumor, radial gradients of temperature extending from the outer surface of the catheter are 
characteristic. When an array of heated catheters is implanted, the thermal profiles from 
adjacent catheters merge to produce relatively broad, flat thermal valleys in the regions of 
the interstices of the array.28 Figure 1 shows thermal profiles for a three-catheter section 
within a larger array of catheters. Phantom studies and computer simulations have 
indicated an effective intercatheter distance to be 15 mm.2B 

The temperature distributions created in perfused tissue have been intensively studied 
by computer simulations relating power, blood flow, and minimum tissue temperature.28 
The temperature distributions, similar to that shown in Figure 1, are typified by a regular 
series of thermal peaks and elevated valleys. The peaks represent the catheter surface 
temperature, and the elevation of the valley floor between peaks is the minimum tissue 
temperature achieved between catheters. The base plane represents arterial blood 
temperature. Since the main route for heat loss from the interior valleys is blood 
perfusion, with only minimal conduction to adjacent tissues, three dominant variables can 
be identified: (1) heater spacing, (2) blood flow, and (3) catheter surface temperature. By 
correlating these three factors in computer simulation studies, the necessary internal 
catheter temperature needed to obtain a desired minimum therapeutic temperature can be 
calculated. Once minimum therapeutic temperature is achieved throughout the entire 
volume of tumor, the thermal dose can be controlled. 

Conductive, interstitial hyperthermia was studied in patients with malignant brain 
tumors. Recurrent or progressive intracranial tumors, identified by enhancement on a cr 
scan, underwent implantation of the interstitial catheters and subsequent hyperthermia 
treatment as later described. Further computer modeling of complete tissue temperature 
distributions, with varying heating catheter temperatures based upon data from 11 patients, 
revealed temperature distributions similar to that shown in Figure 2. In this analysis, the 
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Figure 1. Computer modeling, based on the bioheat equation, of temperature 
profiles from heated catheters within a tumor.29 
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Figure 2. Temperature profiles calculated for a typical treatment (zero corre

sponds to arterial temperature).29 Thirteen catheters were implanted 
to encompass the tumor volume. Power to each catheter was 
adjusted under computer control to compensate for varying blood 
perfusion as described in reference 28. 



actual catheter geometry (reconstructed from cr records) and catheter power (recorded by 
the computer control system during treatment) were taken as inputs to a heat transfer 
simulation program based upon the bioheat equation,29 resulting in a calculation of the 
complete temperature profile in a plane through the tumor. Temperatures from the 
simulation were .compared to temperatures measured at the corresponding points in the 
tumor by independent thermometry during treatment. The thermal peaks and valleys that 
developed during treatment could be estimated with an accuracy of ±O.6°C.29 

THE HYPERTHERMIA SYSTEM 

The conductive interstitial hyperthermia system (Volumetric Hyperthermia Treatment 
System, Model VH 8500, Cook Inc., Bloomington, Indiana) used in these investigations is 
comprised of implantable catheters (Figure 3) which are connected to computer-controlled 
hyperthermia generators (Figure 4). The system is capable of controlling up to 16 hyper
thermia catheters and monitoring 16 channels of independent thermometry. Treatment 
data are automatically recorded by the system for subsequent analysis. 

The hyperthermia catheters used for treatment of brain tumors are thin (2.2 mm 
outside diameter) and uniformly cylindrical (Figure 3). The tip of each catheter is 
elliptically tapered to allow easy penetration of tissue, with the rest of the catheter 
following the same trajectory, minimizing distortion of tissue and injury to blood vessels. 
The intra tumoral portion of the catheter is semirigid and contains a heating element of 
variable length (2 to 8 cm) and a centrally placed thermistor. The heating element is 
embedded in a thermally conducting, electrically insulating plastic. The proximal portion of 
the catheter contains the electrical contacts which permit detachable coupling with cables to 
computer-controlled power sources in the hyperthermia generators. 

In addition to heat-emitting catheters, independent thermometry catheters can also be 
implanted to confirm the level of heat delivery to the tissue. The independent ther
mometry catheters are 1.2 mm in diameter and have either one temperature sensing point 
or four separate temperature sensing points, spaced 1 cm apart along the implanted 
segment. 
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Figure 3. Hyperthermia catheters are comprised of a stiff, implantable portion with 
variable heating segment length, a flexible portion, and a connector portion 
allowing connection, via detachable cables, to the hyperthermia generators. 
Each catheter has a thermistor inside the heater coil. 
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Figure 4. The conductive, interstitial hyperthermia system. 

The hyperthermia generators (Figure 4) control the electrical energy delivered to the 
heating element in each hyperthermia catheter. The generators are provided with a built-in 
test, safety check, and automatic calibration. The generators regularly monitor the actual 
heater voltage, heater current, reference voltage, and heater and tissue temperatures, and 
communicate this information to the computer control system. 

The computer control system regulates each step of the treatment process. The 
control software utilizes programmable prescription parameters including treatment temper
ature, start time, duration, configuration, and number of treatments. Temperature data 
generated throughout treatment are continuously recorded. A real-time color graphic 
display demonstrating the temperature data from individual hyperthermia catheters and 
independent thermometry catheters is also provided. Individual catheter temperatures are 
measured with a resolution of O.I°C. 

INTERSTITIAL CATHETER IMPLANTATION 

Interactive CT scanning is used for the percutaneous implantation of hyperthermia 
and thermometry catheters. The entire procedure is performed in the CT suite, which also 
serves as an operating room. This time-saving approach allows CT localization, treatment 
planning, and stereotactic surgical implantation of up to 16 hyperthermia catheters in 
approximately 2 hours. The interstitial catheters are fundamentally far less invasive than 
the method of Tanaka et ai.,30 in which large, 9 cm diameter radiofrequency applicators are 
applied directly to an exposed cerebral hemisphere of a patient to achieve local hyper
thermia. 

For the treatment of brain tumors, hyperthermia catheters are positioned in staggered, 
parallel arrays so that they are separated by 15 mm. The patient is positioned on the CT 
table with the tumor uppermost, and the head secured in a stereotactic stabilization frame. 
After the scalp is prepared, a template, attached to the stabilization frame, is positioned 
over the tumor to guide catheter implantation. A white strip along the edge of the 
template is used to register the CT scanner at zero using the CT alignment laser. To plan 
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catheter implantation, distance from the template surface to the far side of the tumor and 
distance across the tumor are measured from the cr scan; this determines the appropriate 
implantation depth and heating segment length (2 to 8 cm), respectively, for a given 
catheter. Measurements are repeated for each aperture of the template intersecting the 
tumor on serial cr images spaced at 7.5 mm. Twist drill holes (2.5 mm) are then drilled 
through the desired apertures, and hyperthermia catheters having the appropriate heater 
lengths are implanted through the template to the measured depths. For independent 
thermometry catheters, 1.5 mm holes are drilled through smaller apertures in the template. 

After implantation, cr scans are taken to confirm hemostasis and catheter placement 
(Figure 5). If needed, any adjustments in depth or placement are made and confirmed by 
rescanning. A cranial dressing of layered foam and silicone elastomer is used to secure the 
catheters, and the patient is transferred to the intensive care unit. Catheters are connected 
to the system with detachable cables and the treatment prescription is entered into the 
computer. The patients are typically awake or sleeping normally during treatment, and are 
allowed minimal activity at the bedside during hyperthermia delivery; between sessions of 
hyperthermia delivery, patients can be disconnected from the generator and are free to 
ambulate as allowed by their conditions and hospital procedure. Conductive hyperthermia 
treatment is administered, according to the protocol now to be described. 

Figure 5. cr scan showing a cross section of the head, with catheters 
implanted in the tumor through the cr-mounted template. Two 
hyperthermia catheters and one four-sensor independent thermometry 
catheter are visible in the image. 
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ONGOING CLINICAL INVESTIGATIONS 

Development of the Protocol 

Because clinical data on long-term interstitial hyperthermia were not available, the 
clinical investigation proceeded stepwise. In the initial five patients, one-hour fractions of 
hyperthermia were delivered using an array of three hyperthermia catheters with heating 
element lengths of 2.5 cm, followed by one hour of post-treatment temperature monitoring. 
The early treatments were administered every 4 hours for 7 consecutive days, accumulating 
a total of 42 hours of hyperthermia using maximal heating catheter temperatures of 
approximately 44.5°C. This thermal dose was found to be well tolerated by the patients, 
and moderately effective, demonstrated on cr scans as necrosis in the area of catheter 
placement. In retrospect, it is clear that many tissue regions were not adequately heated in 
this initial protocol. 

Expansion and technological improvement of the system accommodated an increased 
number of catheters, allowing treatment of a larger tumor volume, and longer treatment 
fractionation in the next five patients. Up to 16 heating catheters, with heating element 
lengths from 2 to 6 cm, could be controlled simultaneously. In all subsequent patients, 
catheters with heating element lengths from 2 to 8 cm were used. In addition to heating a 
larger volume of tumor, the duration of treatment was increased from one hour every four 
hours to two hours every four hours, and then to three hours every four hours. Three
hour fractions delivered every four hours and post-treatment temperature monitoring of five 
minutes was found to be well tolerated. Approximately one hour of normothermia 
between hyperthermia treatment fractions allowed for patient care. Total treatment 
duration was then 72 hours of hyperthermia delivered over approximately 96 hours. 

Patients were maintained on appropriate medication regimes of steroids, anti
convulsants, and antibiotics. In addition, Dextran 40 was administered (600 mUday) for 
prophylaxis against venous thrombus formation and thromboembolism. Procainamide was 
administered in a low dose (100-200 mg/hr) to potentiate the effects of hyperthermia by 
affecting the tumor cell membrane, altering the permeability and fluidity.31 Throughout 
treatment, patients were monitored for vital signs, core body temperature, serum electro
lytes, and neurologic status. If neurologic condition deteriorated during treatment, cr 
scans were obtained to assess for intracranial hemorrhage or mass effect. Hyperthermia 
was discontinued prior to completion if clinical condition indicated. At the termination of 
treatment, the catheters were explanted. Treatments were repeated at four to six week 
intervals, until three cycles were completed or evidence of viable tumor disappeared. 

For the first 112 treatment cycles in this series, catheters were controlled by main
taining each catheter at the prescribed heating element temperature, typically about 50°C. 
This provided average catheter surface temperatures (maximum tissue temperatures) of 
about 45°C and average minimum tumor temperatures of about 42°C. For later treat
ments, power delivered to individual catheters was adjusted based on continuous estimates 
of mass heat transfer in the region of each catheter28 to obtain a minimum tumor tempera
ture of 41 to 43°C, despite local blood flow variation. 

Clinical Results 

Experience with this technique in 50 patients was analyzed. This represents implanta
tion of 1471 catheters and total hyperthermia delivery of 7153 hours. The number of 
patient admissions for catheter implantation totaled 124 with an average of 2.5 per patient. 
The average number of catheters implanted for each treatment cycle was 11.8, and an 
average of 58 hours of hyperthermia were delivered during each treatment cycle. The 
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patients' ages ranged between 16 and 69 with an average of 46.5 years. A total of 34 were 
males and 16 were females. All tumors were recurrent after biopsy and/or cytoreductive 
surgery with radiation therapy, except for one patient with metastatic melanoma who had 
received only chemotherapy. Nine patients received chemotherapy in addition to radiation 
therapy. Tumors treated included 9 high grade astrocytomas, 33 glioblastoma multiforme, 
and 8 metastatic tumors. Results of all versions of the evolving hyperthermia protocol, 
including those now believed to be less effective, are included in the present analysis. 

Survival time from diagnosis to death ranged from 16 to 539 weeks (median 67 weeks) 
for all patients treated with conventional therapy followed by conductive, interstitial hyper
thermia. Survival time from first hyperthermia treatment was up to 123 weeks (median 22 
weeks); hyperthermia treatments began 9 to 52 weeks (median 40 weeks) after diagnosis. 
Survival times are still increasing for this group of patients because of continued patient 
survival. Two year survival (from diagnosis) in patients with recurrent malignant glioma 
(glioblastoma multiforme or astrocytoma with anaplastic features) was 33%. None of the 
patients with metastatic tumors achieved two year survival, due to their systemic disease. 

In 21 patients, post-treatment tumor volume responses were determined by comparing 
contrast-enhanced cr images from pretreatment scans with those obtained during follow-up 
after hyperthermia therapy. Using a modified response criterion suggested by Storm et 
ai.,32 responses were identified as tumor regression (38% of cases) with a more than 25% 
decrease in observable tumor volume, stabilization (48% of cases) with a 25% decrease to 
25% increase in tumor volume, or progression (14% of cases) with a greater than 25% 
increase in tumor volume. 

The interstitial hyperthermia therapy was well tolerated by most patients. During 
treatment, the patients were unable to discern periods of intracranial temperature elevation. 
However, patients had intracranial complications (seizures and brain edema) and cardio
vascular complications (deep vein thrombosis and pulmonary embolism) typical of brain 
tumor patients. For the 133 treatments, generalized seizures occurred in 8 patients, 5 
during treatment and 3 following treatment; 12 patients also had focal seizures during 
treatment. No focal seizures were reported following treatment. Debulking craniotomies 
were performed in 5 patients after hyperthermia treatment to control mass effect. Delayed 
craniotomies for chronic edema or progressive brain necrosis have not been necessary. 
Five ventriculostomies were performed, three for intracranial pressure monitoring and two 
for management of increased intracranial pressure. Deep vein thrombosis and/or pulmonary 
embolism was noted post-implant in 9 patients. Vena cava filters were placed in 10 
patients either before, during, or after the therapy. One patient died of a myocardial 
infarction; he had severe coronary artery disease undiagnosed prior to implant. Complica
tions related to catheter placement included intracranial hemorrhage and infection. Out of 
133 treatments, hemorrhage was minimal and resolved in 15, remote to catheter implanta
tion in 2, and major in 4. Scalp infections followed 3 of the 133 implants and meningitis 
followed 1. Two patients had elevated body temperature, but in the majority of the 
patients heating had little effect on core body temperature. 

DISCUSSION AND FUTURE DIRECTIONS 

The production of localized temperature elevations inside and around brain tumors by 
conductive interstitial techniques has now become feasible, as has been demonstrated in our 
laboratory and clinic. Several characteristics of hyperthermia contribute to its attractiveness 
as a therapeutic tool. Because fever is a physiologic event,33-38 one would expect that 
hyperthermia, or artificial fever, would have no documented cumulative toxicity when 
administered within reasonable parameters. Prolonged doses or multiple treatments are 
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thus limited only by technological constraints. The effects of hyperthermia are related to 
temperature and duration of application; both of these parameters can be controlled, 
allowing for a wide spectrum of doses that can be tailored to the precise requirement of 
various neoplastic tissues. 

The effects of hyperthermia are enhanced by hypoxic, hypovascular, hypometabolic 
and hyperacidic environments.20,39-47 These are environments in which radiation and 
chemotherapy are usually less effective,35,37,39,42,43,45,46,48-57 supporting arguments regarding 
the potential for synergistic effect between these treatment modalities. In addition, larger 
tumors are poorly vascularized, with vessels deficient in autoregulatory 
mechanisms.40,42,47,58-e1 These vessels may be relatively ineffective in heat removal by 
blood ~erfusion. Therefore relatively high temperatures at the core of the tumor may 
result. 1,62 It has also been argued that tumor microvasculature is more heat sensitive than 
normal vasculature, which would yield disruption of microcirculation at thermal doses not 
injurious to normal vessels. In addition, clotting or destruction of neovasculature occurs at 
temperatures below those which clot or destroy normal vasculature.40,41,63,64 By focusing 
hyperthermia on the mass of tumor, neoplastic cells that are not cytotoxically injured may 
still succumb from destruction of their vascular supply. Mitotic cells and cells in the 
synthetic phase appear to be extremely sensitive to hyperthermia doses.43,44,46,65-72 In 
addition, metabolically quiescent cells appear to be sensitive to doses of hyperthermia. 

The protocol for conductive, interstitial hyperthermia was designed with thermal toler
ance in mind. The treatments were divided into four-hour fractions (three hours hyper
thermia and one hour normothermia) to allow initiation of subsequent treatment before the 
predicted time at which thermal tolerance should appear. Available evidence indicates that 
thermal tolerance usually develops between five and six hours after a thermal challenge. It 
was felt that a long-term heat treatment could overwhelm the mechanisms that lead to 
thermal tolerance before they had an opportunity to develop. 

Initially, treatment extended for seven days. One factor which influenced this decision 
was the surgical risk associated with implantation of catheters in the brain, which demands 
that maximal benefits be obtained. The seven day period was used as a maximum since 
clinical experience with other percutaneous implanted catheters, such as ventriculostomies, 
has shown that after seven days, the rate of infection increases rapidly. Enhanced Cf 
scans of the brain obtained at 48 to 96 hours after initiation of treatment were compared 
with enhanced Cf scans obtained at the end of treatment. At approximately 72 hours of 
treatment, maximum benefits were obtained: no additional Cf-depicted injury to the tumor 
accrued after this time. Consequently, the duration of a treatment cycle was limited to 72 
hours. This 72 hour cycle duration will need to be further examined as data accumulate. 

The patients' tolerance to long-term volumetric interstitial hyperthermia has proved 
quite reasonable. Most patients were awake, able to converse and assist in self-care during 
prolonged hyperthermia treatments. Discomfort was felt to be related to scalp penetration 
for percutaneous insertion and was relieved with mild analgesics such as acetaminophen. 
Increasing neurologic dysfunction present previous to treatment continued to worsen during 
treatment. This was an expected event, considering the advanced stage of the recurrent 
disease, the location of many of the tumors, the infiltrating nature of gliomas, and the 
addition of a volumetric implant. However, after removal of the catheters there was 
usually progressive clinical improvement over the ensuing weeks or months to the point 
that many patients returned to the pre-implantation neurologic status or better. This 
remarkable improvement in function weeks and months after treatment was not seen in the 
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experience gained with brachytherapy, and allowed aggressive management of tumors in 
areas that otherwise would have been considered unapproachable. 

The prolonged survival in many of these patients after recurrence of their tumors, 
which had been previously treated with the most aggressive modalities of treatment, argues 
in favor of hyperthermia as a modality of treatment. Further investigation with newly 
diagnosed tumors in patients who are not in rapid decline from recurrent tumors and with 
conductive, interstitial hyperthermia in combination with other treatment modalities is 
required to more fully determine the true efficacy this approach. 

The shortcomings of conductive, interstitial hyperthermia are gradually being eluci
dated and often eliminated with experience. Initially, the number of catheters implanted 
was inadequate. However, as tolerance to initial hyperthermia doses was documented, 
higher thermal doses were delivered. Improvement of the hyperthermia system allowed for 
greater dose application. Initially, a uniform thermal application was employed. Although 
heterogeneity of blood flow, which would produce variable tumor tissue temperatures, was 
expected, the enormous disparity of blood flow between regions of a single tumor, found 
subsequently in our research, was unexpected. Therefore, in order to compensate for the 
unpredictable and variable blood flow, a method for regularly estimating the thermal effects 
of blood flow had to be developed.29 Further utilization of catheter temperature and 
power data allowed for prediction of the minimum tumor tissue temperature in real time, 
allowing for appropriate adjustment of catheter power to avoid cold spots. Individual 
control of each heater in an array of catheters compensates for variable flow through 
different regions of the tumor, leading to a well-defined, uniform thermal dose for each 
component of the tumor. 

For future in vitro and in vivo investigation to be meaningful, clear delineation of the 
hyperthermia treatment is required. The following parameters appear to be important: 
volume of tumor, minimal temperature, maximal temperature, minimal thermal dose 
(minimal temperature applied for a determined duration of time), maximal thermal dose 
(maximal temperature applied for a determined amount of time), percentage of tumor 
volume exposed to different thermal doses, surviving fraction, volume of surviving fraction, 
minimal thermal dose applied to surviving fraction, and maximal thermal dose applied to 
surviving fraction. A method for correlating treatment temperature and duration to frac
tion of volume of tumor exposed to a minimal thermal dose is necessary; the correlation of 
these factors with outcome parameters would thus facilitate description and comparison of 
various hyperthermia treatments and serve as guidelines for reproducible clinical dosimetry. 

Conductive interstitial hyperthermia is thus a rapidly evolving technology that shows 
considerable promise as adjunctive, and perhaps even primary therapy for intracranial neo
plasms. 
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Brain cancer therapy often produces disappointing results even 
though there have been great strides in the treatment of cancer in 
general. Of the primary brain tumors, glioblastoma multi forme is by 
far the most common (32) and unfortunately, the most rapidly fatal 
(30, 31). Following surgical resection, without any other therapy, 
median survival of patients with glioblastoma multiforme is approxi
mately 20 weeks. The addition of postoperative radiation extends 
median survival to approximately 39 weeks, and when combining 
surgery, radiation therapy and chemotherapy the median survival can 
be extended to approximately 55 to 60 weeks (31, 32, 33, 52). When 
compared to the most common solid malignancies of other parts of the 
body, glioblastoma multiforme has the most rapidly fatal course (30, 
31). Many malignant gliomas are surgically accessible and 'gross total 
removal' is not uncommonly obtained, however, since tumor cells 
spread along fiber tracts and can be found far from the center of the 
tumor, malignant cells are usually left behind and recurrences are the 
norm (5). Glioblastoma multi forme has a biologically heterogeneous 
population of cells and in order for therapy to be completely effective 
and achieve total cell kill it must be directed at each of the various cell 
types (34, 35). Radiation therapy and chemotherapy in addition to 
surgery are unable to obtain total cell kill though they seem to slow 
the growth of these aggressive tumors. In 1989, in the United States, 
it is estimated that there will be approximately 15,000 new cases of 
brain malignancies with approximately 11,000 deaths (2). 

Metastatic lesions to the brain also produce a great deal of mor
bidity and mortality, with mean survival of untreated intracerebral 
metastasis being approximately 4 weeks (55). Median survival of 
treated patients is extended to just under 4 months (55). Nearly 20 
per cent of all patients suffering with systemic cancer will have one or 
more intracranial metastasis which occasionally is the cause of the ini-
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tial presenting symptoms (32, 55). Approximately ten percent of 
newly diagnosed patients with lung cancer will harbor an intracranial 
metastasis (3). Metastases tend to be better localized within the brain 
than primary gliomas, and solitary lesions lend themselves to a more 
thorough surgical removal. Recurrences however, are common and 
prophylactic whole brain radiation is usually administered postoper
atively (10). 

Many investigators are working toward prolonging survival, im
proving the quality of survival and ultimately curing patients suf
fering with intracranial cancer. Hyperthermia has the potential of 
aiding us in achieving these goals. It can be applied to those cancer 
cells left behind following surgery, can kill those cells that tend to be 
radioresistant, and can potentiate the effects of both radiotherapy and 
chemotherapy (6, 7, 11, 12, 28, 38, 41). Hyperthermia, unlike radia
tion, has no known cumulative toxicity and therefore can be safely re
applied to recurrent lesions (16). 

Brain Hyperthermia Techniques 

There are numerous ways of achieving elevated temperatures 
within the brain (Table 1). Whole body hyperthermia is able to heat 
the brain along with the rest of the body. It is limited to a tempera
ture of 42 IlC due to hepatocyte sensitivity* and requires expertise in 
its administration in order to protect the patient from its particular 
potential complications (36,40). 

Perfusion techniques require the surgical isolation and cannu
lation of the appropriate artery and vein. It is an excellent technique 
in limb malignancies, such as melanoma (46), but to our knowledge 
has not been used on patients clinically. 

Radiofrequency capacitive heating is able to heat relatively large 
areas of deep tissues. This technique requires the use of large metallic 

Table 1. Methods of achieving brain hyperthermia 

Whole Body Hyperthermia 
Isolated perfusion 
Radiofrequency Capacitive Heating 
Interstitial Radiofrequency Hyperthermia 
Ferromagnetic Thermoseed Induction 
Ultrasound Hyperthermia 
Microwave Hyperthermia 
Magnetic Loop Induction 

* Some authors believe that neurons are damaged by temperatures greater than 
42 QC. However, studies by other investigators and work we have performed 
indicate that neurons can tolerate temperatures in the range of 42.5 to 43 QC for 
periods of at least 60 minutes. 
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paddle-shaped transmitters which are placed adjacent to the skin over 
the area to be treated. There is significant surface heating and 
methods for cooling the plates are required. Radiofrequency also does 
not penetrate bone, so large areas of the skull must be removed prior 
to the administration of hyperthermia (50). 

Interstitial radiofrequency hyperthermia utilizes a gold-plated 
brass intracranial electrode coupled with a flexible headband-like 
aluminum extracranial electrode. Using an 8 MHz oscillating 
radiofrequency generator the intracranial electrode is able to generate 
intratumoral temperatures of 44 QC while maintaining surrounding 
brain temperatures below 42 QC (19). 

Ferromagnetic seeds can be surgically implanted into the tumor 
and later heated with the use of external radiofrequency or magnetic 
energy (18, 23). This technique focuses the heat around the seeds as 
the seeds are the objects being heated by the external energy source. 

Ultrasound uses high frequency sound waves transmitted via 
implantable antennae and imparts kinetic energy to the target tissue 
which is rapidly and spontaneously converted into heat (4, 22). En
ergy is focused to a small target area around the tip of the ultrasound 
antenna. Ultrasound antennae can be inserted into catheters which 
may already be in place for interstitial seed brachytherapy, thus ob
viating the need for a special surgical procedure. 

Microwave energy ranges from 300 MHz to 3000 MHz (13, 29) 
and the three frequencies most commonly used are 434 MHz, 915 
MHz, and 2450 MHz. We work with 434 MHz which has a relatively 
long wavelength and can heat large areas of tissue. It also can pene
trate the skull (13) and therefore offers the advantage of not requiring 
implantable devices. In the United States, a Faraday cage must be em
ployed when using 434 MHz because this frequency interferes with 
short wave radio transmission (17). Both 915 MHz and 2450 MHz mi
crowave energy sources focus their energy to smaller target areas, and 
like ultrasound, use implantable antennae which can be inserted into 
previously placed catheters for brachytherapy (26). 

Magnetic loop induction, like 434 MHz microwave, can heat the 
brain through the intact skull without the need for invasive devices 
(43, 44). This technique uses a self-resonant, circular applicator which 
has impedance-matching circuitry that operates at 13.56 MHz (49). 
The applicator creates concentric circular flux lines of an electric field 
which can generate deep intratumoral heating while sparing surface 
structures (49). 

Optimal Heating 

Optimal dosing, timing, and heating techniques are still under in
vestigation. If one wished to focus energy to a small volume of tissue, 
then interstitial radiofrequency hyperthermia, inductive heating of 
ferromagnetic seeds, ultrasound, and 915 MHz and 2450 MHz mi
crowave are the best methods. To heat larger areas of the brain, 
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radiofrequency capacitive heating, 434 MHz microwave and magnetic 
loop induction are the best methods. Whole body hyperthermia is best 
suited to treat the patient with multiple metastatic lesions though it is 
also used when only brain disease is present (40). 

The region of recurrence is generally accepted to be a 2 cm rim 
around the tumor (15) and therapy should be directed at the tumor 
and this area. We agree with this but also believe that glioblastoma 
multiforme is a whole brain disease and as such treatment of brain tis
sue away from the lesion is also important. Dr. P. C. Burger has stated: 

"It has been our experience that recurrent lesions that have run 
their course and killed the patient, freely infiltrate the cerebrum, 
and often neoplastic cells can be found in the opposite cerebral 
hemisphere, cerebellum and brain stem." (5) 

Whole brain hyperthermia has the potential advantage of treating 
distant tumor cells that would otherwise have been left unheated by 
local therapies. The possibility of neuronal injury when heating the 
whole brain must be considered. Many authors refer to the inability 
of normal neurons to tolerate temperatures greater than 42 !lC (1, 4, 
21, 22, 45, 51). We have found that the normal canine brain can toler
ate at least one hour of heating at temperatures in excess of 42.5 !lC 
with no evidence of neuronal injury (25). In our study, the normal, 
living, canine brain was heated through the intact cranium to greater 
than 42.5 !lC for one hour or more with transcranial 434 MHz mi
crowave via two cradle antennae. The animals were sacrificed 3 or 7 
days following the administration of hyperthermia and underwent an 
extensive histopathological analysis. No abnormalities, other than 
those that could be directly ascribed to the temperature monitoring 
probe tracts, were found (25). Other authors have also found that 
normal brain tissue can tolerate 42.5 !lC to 43 !lC (14, 20, 37, 42). 

The use of heat as a therapeutic modality is complicated by diffi
culty achieving even, predictable temperature elevations because dif
ferent tissues respond to energy sources differently, and blood flow 
varies from tissue to tissue, from time to time, and as a function of 
temperature (47). In general however, malignancies within the brain 
act as heat sinks (40). Because of this, regardless of the technique 
used, it is possible to obtain intratumoral temperatures much above 
that of the surrounding brain, thereby lessening the risk of brain in
jury and increasing the chance for successful tumoricidal effects. 
Work is being done with synthetic liposomes that can be designed to 
release their contents at a predetermined temperature (53). It is 
possible that some day these will carry therapeutic agents through the 
bloodstream and deposit them in heated tumors thereby decreasing 
systemic exposure. 

It is well known that hyperthermia potentiates the effects of ra
diotherapy (6, 28, 38) and many chemotherapeutic agents (7, 11, 12, 
41). This potentiation is more pronounced when hyperthermia is ap
plied simultaneously or within a short time of the other therapeutic 
modality (7, 9, 11, 12, 24, 28, 38). The cell kill rate for the most ef-
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fective known chemotherapeutic agent in the treatment of gliomas, 
1,3 -bis(2-chloroethyl)-I-nitrosourea (BCND) (39), increases nearly 
linearly with increasing temperature above 39 IlC (7, 48). Many in
vestigators are using the various methods of administering hyper
thermia and combining them with radiotherapy and or chemotherapy 
in order to determine the optimum dosing schedule (26, 29, 41, 44, 
54). 

Brain hyperthermia has been associated with an initial rise in 
intracranial pressure followed by a return toward baseline as temper
ature increases (43). We do not know the occurrence of any deleteri
ous effects of brain hyperthermia related to elevated intracranial 
pressure. 

Our Clinical Work 

In the treatment of brain malignancy we use 434 MHz mi
crowave applied trans cranially via two cradle antennae. Treatment 
periods last one hour each. For patients receiving radiotherapy (which 
is given in a fractionated fashion, 5 days a week, over several weeks) 
we administer hyperthermia three days a week (Monday, Wednesday, 
and Friday) immediately following radiation. For those patients 
recelvmg chemotherapy, we administer hyperthermia during or im
mediately following chemotherapy and again the following day. 

We have thus far treated 24 patients with intracranial malignant 
disease; eight of primary glial origin and 16 of metastatic origin. 
Twelve of these patients showed improvement of symptoms with sta
bilization or decrease if the size of their lesions. The patients that 
showed improvement received on average 7 to 21 treatments. The 
patients that did not do well received on average of 1 to 5 treatments. 
This latter group, in general was suffering from very advanced disease 
and was not able to complete therapy. No adverse effects related to 
the hyperthermia therapies were noted in any of the patients we 
treated. 

Figure 1 shows computerized tomography scans of a patient with 
metastatic renal cell cancer who was treated with hyperthermia in ad
dition to radiation therapy. The top row of pictures are the patient's 
admission films and the bottom row are his follow-up films 6 months 
later. At the time of presentation this patient was a 65 year old white 
gentleman 5 1/2 years status post left nephrectomy for renal cell car
cinoma. On the evening of admission he developed sudden onset of 
headache, nausea, vomiting, and unsteady gait. Physicial exam was 
significant for a patient with severe headache, nausea, vomiting, and 
generalized weakness. Neurological examination found only a right 
partial homonomous hemianopsia. Computerized tomography scan 
showed a large enhancing lesion in the left medial occipital lobe with 
hemorrhage within the tumor and ventricular system and two smaller 
lesions, one in each frontal lobe. The patient was treated with radia
tion therapy and hyperthermia and showed dramatic improvement in 
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Figure 1. Effect of hyperthermia combined with radiation therapy. The 
computerized tomography scan in the top row was performed prior to therapy 
and the scan in the bottom row was done six months after therapy. Although the 
angle of the gantry is different in these two examinations, the area of interest 
in the occipital lobe is well seen in both. Note that the lesion in the medial left 
occipital lobe is nearly gone in the follow-up study. The patient also had lesions 
in each frontal lobe (not shown) which were not visualized on the follow-up 
examination. 

his symptoms as well as near complete resolution of his lesions on fol
low-up computerized tomography scans. 

Summary 

Brain malignancy, either primary or metastatic, in general is as
sociated with a very poor outcome in spite of the best therapy modern 
medicine has to offer. The multi modality approach appears to offer 
the best chance of achieving our goal of improved survival (quality 
and quantity) and ultimately cure. Hyperthermia, though its applica
tion to brain cancer remains experimental, has proven itself in its 
ability to improve cancer therapy results. There are many methods 
available to apply hyperthermia to the brain and its application, thus 
far, has been quite safe. Continued research in this exciting field is 
warranted. 
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HYPERTHERMIA AND THE LIVER 
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LIVER NEOPLASM AND ITS TREATMENT 

The liver is the organ most commonly involved in spread 
of gastrointestinal cancer. Of the synchrounous liver metastas
es found at laparotomy, 20-25 % are due to colorectal cancer. 
Approximately 50 % of colorectal tumors will sooner or later 
give rise to liver metastases. The outcome for patients with 
primary and secondary liver cancer is dismal, with mean sur
vival of only a few months for primary and six to eight months 
for secondary cancer. Liver resection may induce, a 2-year sur
vival of approximately 30 % in patients with restricted tumor 
spread. These facts justify an aggressive surgical treatment 
in selected cases. In patients with scattered metastases in 
the liver dearterialization and/or chemotherapy has been used 
but the results are on the whole rather disappointing with a 
tumor response of 20-30 %. Neither dearterialization nor chemo
therapy have induced any significant prolongation of survival. 

In the search for other means of controlling liver tumor 
growth hyperthermia has been introduced as a complementary mode 
of treatment (Crile, 1961~ Parks et al, 1978~ Storm et al 1979). 
Hyperthermia offers a theoretically interesting prospect aris
ing from its suggested selective effect on tumor tissue, leav
ing normal tissue intact. 

METHODS FOR INDUCTION OF LIVER HYPERTHERMIA 

In humans survival has been reported after rectal tempera
tures as high as 44.4oC. The upper limit for induced whole body 
hyperthermia is below 43 0 C. whole body hyperthermia can be in
duced by immersion in hot fluid, perfusion with extra corporal 
heat exchange or by exposition to radiant heat or microwaves. 

Local and regional hyperthermia of the liver can be induc
ed by focused ultrasound, perfusion or by electromagnetic heat
ing. During local heating a significant temperature gradient 
can be obtained between the liver and the rectum (Fig 1, 
Hugander et al, 1984). 
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Fig 1. Temperature profile during local liver hyperthermia. 

HYPERTHERMIC EFFECTS ON THE LIVER 

Before a patient with liver cancer is treated with hyper
thermia some important factors should be considered: extent 
of tumor growth, tumor type, concomitant t~eatment with 
hepatotoxic drugs, earlier hepatic injury are factors that 
could have a negative impact on the postoperative liver func-
tion. 

The toxic and therapeutic effect of hyperthermia on liver 
tissue can be increased by alteration of liver blood flow, for 
example by hepatic artery ligation, injection of degradable 
micro spheres or by temporary occlusion of the portal blood 
supply. Alterations in the blood supply may effect the maximum 
temperature as well as the metabolism in normal tissue and 
tumor tissue. 

Under normothermic conditions the temperature of the liver 
is approximately O.7-1oC higher than the intraabdominal tempe
rature". This difference is caused by the high metabolism of 
the liver cells, as the liver is the most important internal 
heat source for maintaining the body temperature. During whole 
body hyperthermia the liver temperature remains close to the 
intraabdominal temperature whereas after concluded heating the 
difference increases, indicating a less efficient heat transfer 
from the liver. 

In the perfused liver increases of lactate, pyrovate, glu
cose, urea, potassium, ALP, GOT and LDH indicate a liver injury 
at temperatures above 42 oC. Other criterias for liver injury 
are decreased oxygen consumption and increased ammonia produc
tion (Skibba et al, 1986). 
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In animal experiments during constant conditions concern
ing blood flow, oxygenation and pH, isolated perfusion of the 
rat liver in vitro induced pronounced centrilobular vacuoliza
tion at 41 oC. A severe dissociation of hepatocytes occured at 
42 0 C (Bowers et al, 1981). In vivo perfusion of dog livers at 
43 0 C microscopic analyses revealed a diffuse hepatocyte 
vaculopathy progressing to ballooning degeneration (Boddie 
et al, 1979). When combining 42 0 C whole body hyperthermia with 
hepatic artery occlusion and transient portal ven occlusion 
centrilobular necrosis occur in the liver parenchyma. These 
changes do not occur during hyperthermia without circulatory 
manipulation (Holmin et al, 1987). 

Clinical reports concerning hyperthermic effects on the 
liver including parenchymal cell necrosis, cholestasis and 
liver necrosis. A considerable incidence of liver toxicity 
and insifficiency occur after whole body hyperthermia as well 
as after liver perfusion (Robins et al, 1989, Hafstrom, 1989). 
No definite correlation excists between the temperature level 
and extent of liver injury. 

HYPERTHERMIC EFFECTS ON LIVER TUMORS 

Theoretically regional hyperthermic treatment of the liver 
should be of value providing that the blood flow in the tumors 
is below that of the surrounding parenchyma, thus resulting in 
a temperature difference between tumor and normal parenchyma. 
In this way a selective heating of tumor tissue makes hyper
thermia suitable for the treatment of scattered metastases 
(Fig 1.). 

No controlled studies have been performed concerning the 
effect of hyperthermia on liver tumors. Most reports describe 
the effect of combination with chemotherapy or radiotherapy. 
A combination of whole body hyperthermia and chemotherapy 
caused decreased tumor size, regression of pain and regression 
of jaundice in patients with hepatic metastases of colonic 
cancer, cholangiocarcinoma, undifferentiated carcinoma and 
adenocarcinoma of the gall bladder (Pettigrew et al, 1974). 
In patients with melanoma metastases of the liver, regional 
hyperthermia combined with DTIC induced tumor regression and 
pain relief in more than 50 % of patients treated (Storm et 
al, 1982). Similar effects on liver metastases of colorectal 
cancer are reported after deep microwave hyperthermia combined 
with radiotherapy or chemotherapy (Petrovich et al, 1988). 

EVALUATION OF RESPONSE 

To evaluate the response to hyperthermia treatment a 
combination of diagnostic tools have to be used. If tumor size 
measurement by CT or ultrasound is used the tumoricidal effect 
of hyperthermia treatment may be disguised by "tumor swelling" 
caused by necrosis. Registration of tumor size should therefore 
be combined by biopsies to reveal the extent of tumor necrosis. 
In human liver tumors vascular necrosis and trombosis after 
hyperthermia treatment may prevent absorption of the destroyed 
tumor, resulting in fibrous replacement with little change in 
tumor size. 
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THE FUTURE FOR LIVER HYPERTHERMIA 

Most patients exposed to liver hyperthermia are in an 
advanced stage of cancer disease with pain and discomfort 
caused by bulky tumor masses. A good palliaton including pain 
relief and reduction in tumor size may motivate the use of 
hyperthermia, althought no increase in survival yet has been 
proven. Additive or synergistic effects of the combination of 
chemotherapy and hyperthermia may be used in decreasing the 
toxicity of chemotherapeutic agents. 

To further develop liver hyperthermia into a useful and 
safe technique for treatment of primary and secondary liver 
cancer less toxic and less expensive methods for induction of 
liver hypertnermia have to be developed. Interesting studies 
are presently performed in different Japanese Centres, using 
the effect of vasoactive drugs, microspheres or occlusors to 
improve the tumoricidal effect on liver tumors. 

Research resources should be concentrated on the demon
stration of beneficial effects of hyperthermia and thermo
chemotherapy in animal experiments as well as in controlled 
clinical trials with the long term purpose of adjuvant treat
ment after surgery of advanced colorectal cancer, pancreatic 
cancer, primary hepatoma and other neoplasms where current 
therapy fail to improve survival and quality of life. 
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SUMMARY 

Characterization of the applicators, of the 
thermometers and of the cooling (bolus) system of 
hyperthermic apparatus must be made before starting 
hyperthermic treatment and also starting with a frequency 
depending on the technical features of equipments that make 
up the whole system. This data gives the radiotherapist some 
useful parameters for the selection of applicators and 
general knowledge of the accuracy of the system. 

I NTRODUCTI ON 

The acceptance of our automatic computerized system for 
oncology hyperthermic therapy (SAPIC SV03/A, Aeritalia, 
Italy) installed at National Cancer Institute of Milan 
forced us not only to calibrate the thermometers and the 
bolus system but also to study the distribution of the 
absorbed energy following irradiation. 

MATERIALS AND METHODS 
Characterization Qf applicators 

Characterization in high water content tissue of the 
hyperthermic applicators following E.S.H.O. protocol (1987) 
is made irradiating, for a few seconds with high power, a 
plane homogeneous phantom of dielectric characteristic like 
muscle (Cetas 1985). The water bolus is used for having a 
good transmission of electromagnetic waves. Measurements 
were made in two phantoms whose compositions are listed in 
Table 1 (Chou et al. 1984, Nilsson 1984). Measured 
dielectric constant and electric conductivity (see 
definition in NCRP report N.67, 1981) determined with 
accuracy of about 3%, are given for phantoms MW1 in Table 2. 
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Table 1. Recipe of materials of two phantoms simulating high 
water content tissue in microwave region: 

Phantom material 

NaC1 
H 0 

Polyethlene powder 
Tx - 150 (super-stuff) 
Sugar 

% Composition 
MW1 MW2 

0.99 1.2 
75.15 58.8 
15.44 

8.42 17.5 
22.5 

Table 2. Measured dielectric€r constant and electric 
conductivity (J of simulating phantoms. Last row 
data, taken from NCRP Report N.67 are given for comparison. 

Phantom or tissue Microwave frequency €r (J 

MHz Sim 

Mw1 phantom (20°C) 434 47.5 1. 46 
" " 915 46.9 1. 58 

MW2 phantom ( 20' C ) 434 53.9 0.80 
" 915 50.6 1.15 

Muscle (37' C) 434 53 1.18 
" 915 51 1. 28 

Specific absorption rate (SAR) patterns in muscle equivalent 
phantoms for surface and interstitial applicators were 
measured in a clinical set-up with an accuracy of about 10%. 
SAR is given by the expression: 

SAR 

where: 

4,186. C .. H 
t 

W 
kG 

( 1 ) 

c = specific heat, call °C.g (c= 0.87 cal 10C.g for MW2 
phantom); 

T temperature increase in phantom. ~; 
t microwave high power pulse duration, s. 

SAR can be normalized to the net power used to heat the 
phantom for comparison between different applicators. 
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Temperature distribution has been detected by a tele thermal 
imaging system (mod.3300, Hughes, USA) with a temperature 
difference sensitivity of 0.1 °c interfaced to a personal 
computer able to aquire and analyze images giving isothermal 
distribution of the temperature increase due to absorbed 
energy in phantom. We set up an image processing card (mod. 
PIP-640, Matrox, Canada), an additional high resolution 
color monitor (mod. HF-1400,Mitsubishi, Japan) and a dot 
color printer (mod.PJ-1080A, Canon Japan) for hard copy of 
images with 8 colors. 
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Figure 1. Temperature rise distribution in muscle 
equivalent phantom following contact irradiation with the 4 
lobes microstrip at 915 MHz and power of 164 W for 30 s. The 
figure at the top gives the increase of temperature in a 
plane at a depth of 5 mm from the surface of the phantom 
while the figure at the bottom gives the increase of 
temperature in a parallel plane to the beam axis 
intersecting 2 lobes. Different intervals of temperature are 
visualized with different colors. The temperature rise in 
each each pixel of the image selected by a cross can be 
displayed as well as the distance between two points thus 
giving the possibility of measurement of the effective field 
size and of the penetration depth. 
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FigurR 2. Temperature rise distribution in muscle equivalent 
phantom following superficial irradiation with a loaded 
waveguide external applicator working at 434 MHz emitting a 
power of 50 W for 30 s. The figure at left gives the 
increase of temperature in a plane at a depth of 5 mm from 
the surface of the phantom and the figure at the right gives 
the increase of temperature in a plane containing the beam 
axis and parallel to the short side of the applicator. 
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Figure 3. Temperature rise distribution for interstitial 
applicator at 915 MHz 12 - 20 s in muscle equivalent 
phantom. The interstitial antenna is inserted in phantom 10 
cm. 
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Control Q! calibration Q! thermometric probes 

Calibration of the thermometric probes is made by the 
system each day before starting applications. Weekly they 
are tested in a water thermostatic bath using a calibrated 
certified mercury thermometer. 

RESULTS 

Effective field sizes and penetration depths for 
surface applicators listed in Table 3 were determined from 
SAR distribution (Figures 1 and 2 ). To characterize 
interstitial antenna the maximum diameter of field taken at 
isoSAR 50% around the applicator is reported (Figure 3 and 
Table 4). 

Table 3. Results of contact applicator's characterization. 
The dimensions of radiating aperture and, between 
parenthesis, the external geometrical dimensions are 
reported in the first column. 

Contact applicators Frequency Penetration Effective field 
MHz depth,cm size, cmxcm 

waveguide 5x9(7.9x11.S) 434 
waveguide 13x13 (15x15) 915 
microstrip5.SxS.6(7.5x12) 434 

" " 915 
microstrip5.2x5.4(6.7x7.5) 434 

915 
4lobes microstrip10.Sx12.6 434 

(15x15) 

" " 915 

Table 4. Characterization of 
Interstitial antennas are 10.S 
applicators (bottom row) are 
radioactive implant geometry. 

2.2 
2.0 
1.7 
1.6 
loS 
1.5 
2.1 

loS 

interstitial 
cm long, the 
1.2 cm apart 

5.0 x 5.0 
11. 0 x 12.0 
3.9 x 4.3 
3.5 x 4.4 
3.1 x 5.7 
3.7 x 5.9 

11. 7 x 11. 2 

11. 7 x 10.R 

applicators. 
interstitial 

simulating 

Interstitial applicators Freq. Length of Field diameter 
Number MHz insertion in cm 

1 
1 
2 

915 
915 
915 

phantom, cm 

7 
10 
7 

O.S 
0.6 
2.2 
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In the range 30-47°C the value of the temperature 
measured by each of the 12 thermometric probes is at maximum 
0.5 °C different from the value given by a temperature 
standard. In order to have the real temperature within the 
bolus during treatment the correction factor to be applied 
to the disolayed bolus temperature has been determined. 
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USE OF LOCAL HYPERTHERMIA FOR THE TREATMENT OF BENIGN 

PROSTATIC HYPERPLASIA 

Aharon Yerushalmi 

Department of Cell Biology 
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Rehovot 76100, Israel 

INTRODUCTION 

Local hyperthermia (LH) combined with radiation therapy 
(RT) has been used for the last 3 decades for the treatment of a 
variety of human tumors (1-6). To-date, most of the reports in 
oncologic hyperthermia (HT) deal with results obtained from 
treatments encompassing variations in tumors, tumor site, 
protocol of treatment and HT equipment. The normally advanced 
stage of the disease on admittance to LH permits only short 
follow-up periods and no long term response information is 
available. 

Clinical treatment of benign tumors by HT alone has not 
been reported in the literature prior to 1985 (7). In 1980 we 
started the treatment of benign prostatic hyperplasia (BPH) with 
LH alone (7). In this chapter, I review our 8 years of 
experience and I summarize our group's results (7-9), regarding 
initial response, response duration, acute and long term side 
ef.fects from HT. 

INTRACAVITARY HYPERTHERMIA 

The HT system used for the treatment of prostatic tumors 
and the method of application have been described in detail 
elsewhere (7-9). Briefly, LH at 42.5-430 C is delivered using a 
transrectal applicator operating at 2.45 Ghz. The applicator is 
equipped with an appropriate cooling system to avoid overheating 
of the rectal mucosa and rectal wall. The applicator is 
positioned in the rectum and maximal heat energy is aimed 
towards the prostatic mass. This method permits heating of the 
tissue comprising the prostatic tumor with minimal heating of 
non invaded tissues. Thus, a deep seated tumor can be heated 
without the need for large electro-magnetic fields required if 
treated by external antennae. 
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Edited by H. I. Bieher et a/. 
Plenum Press, New York, 1990 

167 



Table 1. Response of BPH patients with an indwelling 
catheter to local hyperthermia 

AFTER TREATMENT 

Free of catheter 
satisfactory 
voiding Failed 

57% 43% 

AFTER 6 - 70 MONTHS 

Free of catheter 
satisfactory 
voiding 

47% 

Failed 

53% 

Thirty seven patients entered the study, three non 
evaluable. Catheter carried prior to LH: range 2-12 
months, mean 6.7 months. Age: range 59-86 years, mean 73 
years. Number of sessions: range 6-19, mean 13. Follow-up: 
6-70 months, mean 49 months. 

PATIENTS AND TREATMENT PROTOCOL 

Since 1980, all the patients received LH twice weekly in 
12-16 sessions, each lasting 1 hour. Treatments were given 
without additional medication, on an outpatient basis, with no 
sedation or anaesthesia. 

One hundred and five patients, most of them poor surgical 
risk patients with BPH entered the study. Thirty seven carried 
an indwelling catheter from one to twelve months before 
admission to treatment. The second group consisted of 68 
patients with severe prostatic symptoms. Five patients were 
lost to follow-up and 6 stopped treatment. For evaluation, the 
patients were categorized into the following study groups: 
catheter carrying and patients without a catheter who underwent 
one course of treatment, patients who were relieved of their 
symptoms, deteriorated to their pretreatment obstructions and 
underwent a second course of treatment. 

RESULTS 

The results of treatment as detailed in tables 1-3 were 
derived from a scoring system designed for evaluating urological 
symptoms prior to and after treatment (7). In the catheter 
carrying group, at the end of the treatment course, 57% of the 
treated patients were relieved of their catheter and resumed 
satisfactory voiding. Forty seven percent of the treated 
patients were free of their catheter until 70 months after 
treatment. The post treatment results were maintained in 82% of 
the catheter relieved patients during a follow-up period of 70 
months (Table 1). 
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Table 2. Response of BPH patients without a catheter 
to local hyperthermia 

Marked 
i$?rovement 

% 

38 

AFTER TREATMENT 

Improvement 

% 

45 

Failed 

% 

17 

TOTAL IMPROVEMENT 83 % 

Same or better than 
after treatment 

% 

43 

TOTAL IMPROVEMENT 72 % 

AFTER 6-80 MONTHS 

Less than after 
treatment but 
satisfactory 

% 

26 

Regressed to 
pretreatment 

% 

31 

Sixty eight patients entered the study, five non 
evaluable. Age: range 50-85 years, mean 71 years. Number 
of sessions: range 6-19, mean 13. Follow-up, 6-80 months, 
mean 53 months. 

Eighty three percent of patients initially with severe 
prostatic symptoms were improved after LH. Relief from 
prostatic symptoms was maintained in 72% of the patients of this 
group, until 80 months after treatment (Table 2). It should be 
noted that there were cases in which no improvement was noted 
after LH, but urological symptomatology improved a few weeks 
later. 

Most BPH patients are elderly people, suffering from a 
variety of diseases, a part of which denies them of 
prostatectomy. During the follow-up period of about 8 years, 
ten patients died of these diseases. In this group, 69% were 
free of their urological problems and resumed normal voiding 
until their death, namely LH freed them of their urological 
obstructions during their whole life time from treatment to 
their death. 

Eight patients underwent two courses of treatment. These 
patients benefited from the first course, but later, symptoms 
recurred to pretreatment symptomatology. As can be seen from 
table 3, the period to recurrence of obstructions was not 
related to the patient's age, nor to the number of sessions in 
the first course of treatment or to the prostate's size. None 
of the treated patients experienced thermal damage or burns. No 
reactions of the rectal mucosa such as erythema, edema, or 
ulceration were observed and treatment was generally well 
tolerated. 
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Table 3. Response to LH of BPH patients who 
underwent two treatment courses 

----1ST COURSE----- -----2ND COURSE-----
Catheter Age No. Status Period No. Status Period Alive 

sessions months sessions months Dead 

71 15 Imp 7 12 Imp++ 36 D 

65 11 Imp++ 9 9 Imp++ 32 A 

+ 73 15 Free 3 l3 Free 25 A 

75 7 Imp++ 24 9 Imp++ 13 A 

74 11 Imp 29 7 Imp 17 A 

75 16 Imp 7 10 Imp 15 D 

62 8 Imp 7 9 Imp++ 8 A 

72 9 ImP 8 9 Imp 6 A 

Patients underwent a first course of treatment which resulted in 
improvement (IMP), marked improvement (IMP++), which lasted as 
specified in Period months. After this period, urological 
obstructions recurred and the patients underwent a second course 
of treatment. 

DISCUSSION 

Most of the clinical experience with HT is still with 
superficial and subcutaneous tumors. Treatment of deep seated 
tumors with HT involves difficulties in technology which is not 
yet advanced to assure heat delivery to tumors situated deep in 
the body, without heating of noninvaded, unmonitored sites in 
the applicator to tumor pathway and the lack of non invasive 
thermal dosimetry at depth. To apply HT to a deep seated tumor 
with existing technology, a tumor in the vicinity of a natural 
cavity was selected. This allows close proximity of the 
applicator to the tumor, so that low microwave power will be 
sufficient to reach hyperthermic temperatures in the targeted 
volume and concomitantly minimize normal tissue heating in the 
applicator to tumor pathway. 

I have selected the prostate as the first site for intra
cavitary HT because it is the site of two diseases in the male, 
prostatic carcinoma (6,8,9) and BPH and because of the easy 
administration of treatment through the rectal cavity. Prior to 
its clinical application, the technique was tested in animals. 
We investigated the thermal tolerance of normal tissues in the 
vicinity of the treated prostate. The histolopathological 
evidence obtained in this study indicated that our LH technology 
can be safely applied for the clinical treatment of prostatic 
tumors (10). 

BPH is a common disease of the aging male, resulting in 
varying degrees of urinary obstructions and catheterization. At 
the present time, there is no effective medical management for 
BPH and the only effective treatment is surgery (11). However, 
because of the advanced age of most patients with BPH, surgery 
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is contraindicated in a significant number of cases. Hence, the 
importance of a non surgical method for the treatment of BPH is 
self evident. 

This study is unique with respect to treatment with LH 
alone of a benign tumor, in a patient population homogeneous 
with respect to tumor site, treated with the same machine and 
same LH protocol and 8 years of follow-up which enables analysis 
of short and long term side effects of LH. The long lasting 
relief from catheterization and improvement in symptoms in the 
patients without a catheter, demonstrate the method's efficacy. 

During our 8 years of application and follow-up, there were 
no acute or long term thermal damages, attesting to the safety 
of the HT technology employed. Moreover, the absence of acute 
and long term toxicity permitted the application of a second 
course of treatment in patients who regressed to their 
pretreatment obstructions. The recurrence after the first 
course is a natural etiology of a slow growing benign tumor that 
was reduced in size slightly below the critical value permitting 
a temporary relief of obstructive symptoms. 

We have been repeatedly asked about a relationship between 
the efficiency of treatment versus prostate size. From our 8 
years of experience, no conclusion can be drawn regarding this 
subject. We have noticed cases in which the treatment was 
efficient in patients with large prostates, while failure 
occurred in patients with smaller prostates. The explanation of 
this phenomena might be that BPH develops many years before 
manifestation of obstructive symptoms. The enlarged prostate 
causes urinary obstructions after reaching a critical size, 
resulting in urinary obstructions. If a treatment succeeds in 
reducing the prostate size below this critical value, the 
obstruction will disappear, leading to satisfactory voiding. 
Hence, the absolute size of the prostate after treatment is not 
the measure of failure or success of treatment, but the 
reduction in size to a value permitting satisfactory voiding. 

In conclusion, the results achieved and 8 years of follow
up indicate that LH is an effective modality for the treatment 
of BPH. 

PROSPECTS OF HYPERTHERMIA TOWARDS THE 1990'S 

The future of HT as a clinical treatment modality depends 
on its use in a wide spectrum of diseases. At present, clinical 
HT is almost completely limited to cancer therapy, as an 
adjuvant to radio- or chemo- therapy. Additional past proven 
uses of HT and its potential as a therapeutic modality for other 
diseases are ignored. Three objective difficulties limit the 
use of oncologic HT and prevent its acceptance as a standard 
clinical treatment: the physical difficulties of depositing 
energy in deeply situated tumors, inability to control regional 
blood flow and the lack of non-invasive thermometry for deep 
seated tumors HT. These limitations have seriously hampered the 
acceptance of HT for the treatment of primary tumors and 
oncological HT is the last choice treatment and most patients 
are referred to it after failure of conventional methods. 

Hyperthermia will never pass the stage of a clinical trial 
and will continue to be the treatment of last choice, unless its 
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use will be extended to a wide spectrum of diseases. This will 
enable the medical community to gain experience in its use 
towards its acceptance as a treatment modality for various 
diseases, including cancer. In this section I want to make 
justice to the forgotten role played by elevated temperatures in 
medicine and emphasize its potential use in the treatment of non 
malignant diseases. 

Elevation of local, regional or systemic temperature of an 
organism results in cellular changes which may lead to the 
cell's death, affects the tissues causing vasodilation, antalgic 
effect, anti-inflammatory effect, local immunity modifications 
and systemic. The use of HT in medicine resides on the basic 
fact that temperatures above the normal core temperature (fever) 
playa role in the host's defence mechanism (12-20). Fever is 
produced by pyrogenic substances in the blood that are released 
when the body is encountered with foreign antigens, regardless 
of whether the invader is a virus, bacteria, or other foreign 
molecules, or when inflammation due to other causes takes place. 
This temperature dependence of the immune response (21-22) could 
therefore contribute to the selective value of fever, and its 
role in the host's defence mechanism. In fever, the thermal 
regulatory mechanisms function normally but maintain an elevated 
body temperature, i. e., the body's responses are directed to 
reaching a new higher thermal regulatory set point. 

Fever has been considered beneficial until the late 1800's. 
Prior to the advent of antibiotic drug therapy, diseases such as 
orchitis, asthma, multiple sclerosis and infectious diseases 
such as syphyllis and gonococcal infections, including 
endocarditis and pneumococcal meningitis were treated by 
hyperthermia (23-28) . The sub sequent development of antipyretic 
drugs and their wide use led to categorizing fever as a harmful 
by product of disease because most antipyretic drugs such a the 
salicy lates, are not only antipyretics but also analgesics. A 
drug which is purely antipyretic might have no effect on the 
pain which accompanies most infections: however, the dual 
function of aspirin, may lead to the conclusion that pain relief 
is the direct result of lowering fever. 

In accord with this reasoning, I have extended the use of 
HT and applied it in 3 diseases, in addition to malignant 
tumors. I have applied heat alone for the treatment of benign 
prostatic hyperplasia, to viral rhinitis, and to allergic 
rhinitis. The clinical application of LH to benign prostatic 
hyperplasia was initiated by our group in 1980. The first 
results of two years experience were reported in 1982. The 
updated results with a follow-up of 8 years were detailed in the 
first part of this chapter. 

I shall describe the methodology which led me to apply HT 
to two other disease. The analysis of this methodology, based 
on the relationships between the effects of heat on the cause of 
disease, may point out the approach to extend the use of HT as a 
clinical tool to additional diseases. 

LOCAL HYPERTHERMIA FOR THE TREATMENT OF VIRAL AND ALLERGIC 
RHINITIS 

Viral development is temperature sensitive. Different 
temperatures inhibit viral proliferation according to the 
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strain's thermal tolerance and the host's normal temperature at 
which the virus is maintained. Temperatures above the normal 
host's temperature may block viral development and lead to the 
virus' death. 

After infection by a virus and before the action of 
antibodies, leukocytes accumulate around infected cells, lactic 
acid accumulates and the pH drops to levels deleterious to viral 
development, in concert with the activity of cellular metabolism 
resulting in the increase in temperature of the inflammatory 
zone. Subsequently, a pyrogenic substance is released by 
leukocytes, acting on the central nervous system and fever is 
produced at temperatures deleterious to many viral strains which 
may inhibit viral replication. In addition, elevated 
temperatures increase lysosomal lesions and lysosomal enzymes 
which destroy viral RNA are liberated, leading to a block in 
viral development. It is well established that heat has a 
direct adverse effect upon viability of viruses (29 -30), 
regardless of the stage of infection and maintaining the host at 
higher temperatures increase the host's resistance to infection, 
as with gastroenteritis virus (31). Hence, fever is a major 
factor in recovery from primary virus infections (32 33). 

The function and morphology of the upper respiratory 
passages allow close contact of antigenic material with the 
local immune apparatus, stimulation of the immunoresponsive 
system, resulting in an allergic reaction manifesting itself as 
allergic rhinitis. The biochemical mediators of allergic 
reactions of the immediate hypersensitivity type involving 
immunoglobulin E (IgE) antibodies are fairly well known (34-35). 
Antibodies of this class (reagins) participate in immediate-type 
hypersensitivity reactions (36). The thermal lability of IgE is 
a long recognized fact (37), demonstrated by the loss of IgE 
ability to bind to basophils and mast cells membranes upon 
heating the molecule38 . The histamine - releasing mechanism in 
anaphylaxis was found to be highly temperature dependent and 
heating tissues in the temperature range of 42. 5°C to 43. 5°C 
produced persistent inactivation of the anaphylactic mechanism 
(39) 

Because of the cooling produced by air flow, the 
temperature of the nasal turbinates is lower than the core 
temperature, varying between 31°C-35°C (40). Hence, when acti
vated in response to contact with a virus or an antigen in the 
nasal passages, the febrile response is unable to elevate the 
temperature in the nose to those achieved during fever in the 
inner parts of the body. Hence, local HT to the nasal passages 
should assist the body to elevate the temperature of this 
anatomical site. The aforementioned known biological facts on 
the effects of elevated temperatures on the cause of disease, 
form the rationale for the application of LH to the nose in 
patients suffering from viral and allergic rhinitis. 

In both diseases, LH was applied at 43°C to the upper 
respiratory passages, without supplementary drugs. In patients 
afflicted with viral rhinitis, LH suppressed the symptoms of the 
disease in 78% of the treated patients (41). 

Using the same HT technology and method of treatment, we 
applied local HT to the nasal passages to patients suffering 
from perennial and seasonal allergic rhinitis. Seventy five 
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percent and 68% of the patients were free of symptoms 1 week and 
1 month respectively, after treatment (42). In another study, 
local HT partially or fully inactivated the anaphylactic 
reaction in 76% of patients, as found by challenge with the 
appropriate allergen; 10 days after treatment (43). It should 
be emphasized that these results were achieved with LH, without 
supplementary drugs. 

The method of analysis of the relationships between 
hyperthermia and the cause of disease leading to the selection 
of a disease for treatment with hyperthermia and the results 
obtained, emphasize the potential of HT in the treatment of 
additional diseases. The experience gained from treatment by HT 
of nonmalignant diseases, permitting long follow-up and analysis 
of results will pave the way towards the acceptance of HT as a 
method in medicine, including cancer therapy. 
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EXTRACORPOREALLY INDUCED TOTAL-BODY 

HYPERTHERMIA FOR DISSEM~NATED CANCER 

INTRODUCTION 

Shigemasa Koga and Michio Maeta 

First Department of Surgery, 
Tottori University School of Medicine 
Yonago, Japan 

Although the mechanisms of the anticancer effects of hyperthermia have 
remained obscure, it is now generally accepted that the heating temperature 
must be at least 41.0'C or greater to achieve cancer regression. Clinically 
applied thermochemotherapy can be divided into local and total-body hyper
thermia (TBHT). Local hyperthermia has been primarily used in the treatment 
of superficial and localized malignant tumors. Because advanced cancer 
infiltrates neighboring organs and is often metastatic to other distant 
organs, TBHT appears to be a reasonable and a promising approach. Although 
various methods for TBHT have been reported, we have been performed TBHT 
using an extracorporeal circuit modified from the original of Parks et al. 2 
In this chapter, we describe the clinical effect of TBHT combined with 
anticancer chemotherapy and some problems in this area. 

METHOD FOR TOTAL-BODY HYPERTHERMIA 

Various approaches 2-9 for TBHT as shown in Table I have been reported, 
e.g. the heating gas inhalation method accompanied by the molten paraffin 
method, the hyperthermic chamber method, the heat-blanket method, the water
perfusion suit method, and the radiant heat device method. Irrespective of 
the heating method used, it is indispensable to control the body temperature 
and to monitor bodily reactions during treatment. However, these methods 
seem to be poorly suited for rapid induction of high temperatures and spe
cific precise temperature control. 

Parks et al. 2 reported that experimentally, a uniquely modified heat 
exchanger incorporated in an extracorporeal circuit was capable of safely 
inducing systemic hyperthermia for significant periods. Based on this 
experimental study, they treated patients with bronchogenic carcinoma2 . 
Although this method is somewhat cumbersome, it facilitates the rapid 
induction of hyperthermia and provides for accurate temperature control. 
Therefore, in our cinical introduction, TBHT was induced using a femoral 
arteriovenous shunt and an extracorporeal circuit incorporating a heat 
exchanger according to our modification of the method of parks et al. 
(Fig. 1). 

Our method is as follows: the inguinal region was incised and a 15-cm 
loop of a 6 mm vascular graft (Goretex, U.S.A.) was anastomosed end-to-side 
to the common femoral artery and vein as an arteriovenous shunt. The shunt 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bieber et a/. 
Plenum Press, New York, 1990 
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Table 1. Methods of Total-Body Hyperthermia 

Reporter Method 

Warren, S.L. (1935)3 

Suryanarayan, C.R. (1966)4 

Pettigrew, R.T. (1974)5 

Carbon filament lump 

Water bath 

Heating gas inhalation 
Molten paraffin 

Larkin, J.M. (1977)6 

Euler-Rolle, J. (1978)7 

Bull, J.M. (1979)8 

Parks, L.C. (1979)2 

Water blanket 

Siemens hyperthermic chamber 

Water perfusion suit 

Extracorporeal circuit incorpo
rated a heat exchanger 

Robins, H.I. (1983)9 Radiant heat device 
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Fig. 1. Extracorporeal circuit for total-body 
hyperthermia. (1) Digi tal thermal dis
play; (2) Water bath pressure; (3) 
Rectal temperature; (4) Maximum point 
of rectal temperature during maintenance 
(42"C) (5) Minimum point of rectal tem
perature during maintenance (41.5"C); (6) 
Water bath pressure; (7) A-V shunt volume 
controller; (8) Water bath temperature; 
(9) Water bath temperature controller; 
(10,11) Roller pump; (12,13) Digital 
tachometer; (14,15) Rotation controller; 
(16) heat exchanger; (17,18) Blood filter; 
(19,20) A-V graft. 



volume was 1,350 to 1,900 ml/min (average 1740 ml/min). The shunt was 
placed under the skin and the shunt wound was allowed to heal for several 
days. With the patients under general endotracheal anesthesia, TBHT was 
induced. A 3 to 5 incision was made and the graft was brought through the 
opening. Heparin (100 units/Kg) was administered and the graft was clamped 
and divided. Both ends of the graft were connected to the extracorporeal 
circuit primed with 800 ml lactated Ringer's solution. Heparin (100 units/ 
Kg) was infused intravenously every hour during TBHT. The arterial limb of 
the circuit was led through a roller pump set to maintain the flow at 1,000 
to 1,500 ml/min. The patient's temperature was continuously monitored from 
the esophagus and rectum with thermister probes. The heating time from 
normal body temperature to a final rectal temperature of 41.5 to 42.0'C was 
about 30 to 50 min. The final rectal temperature was maintained for 3 to 
5 hr and then the patient's temperature was decreased by lowering the water
bath temperature to normal body temperature. 

Upon completion of the hyperthermic treatment the extracorporeal cir
cuit was separated from the graft. The ends of the graft were anastomosed 
end-to-end and the skin incision was closed. We attempted to induce TBHT 
at least four times at intervals of 7 to 14 days. However, some of the 
patients received this treatment only once because of a general poor condi
tion or complication. 

CLINICAL EFFECTS 

Physiologic Effects 

In this treatment, not only concerous tissue but also normal organs are 
heated to a non-physiological level for a long time, raising concerns that 
damage to the normal organs may ensue, although it appears that the damaging 
effects of hyperthermia are relatively grater on malignant than normal cells 
11 A typical time course of the temperature is shown in Fig. 2. 

Cardiovascular Function. The cardiovascular changes during hyperther
mia were monitored continuously by electrocardiography, peripheral arterial 
and central venous pressures and checked periodically by blood gas deter
minations and Swan-Ganz thermodilution catheters inserted percutaneously12 
(11 patients, 23 treatments). 

The heart rate and cardiac output were always increased during hyper
thermia. The heart rate was 73+13/min and cardiac output was 5.3~0.7 l/min 
before the shunt was connected to the extracorporeal circuit; when the rec
tal temperature reached 41.5'C, these values increased to 118~15/min (p< 
0.001) and 10.3~2.5 l/min (p<O.OOl), respectively. Neither value returned 
to the pretreatment level within 1 hr after termination of hyperthermia. 
Peripheral arterial and central venous pressures were little affected during 
hyperthermia. The systolic pulmonary pressure were elevated (p<O.Ol) only 
when the rectal temperature reached 41.5'C; it declined gradually there
after. The diastolic pulmonary and pulmonary wedge pressures were not 
affected. Pa02 was little affected. While the base excess and pH declined 
gradually, no progressive metabolic acidosis occurred. The increased cardi
ac output associated both with placement of A-V shunt and hyperthermia was 
well tolerated. 

These findings suggest that the increase of tissue oxygen consumption 
and the dilation of peripheral blood vessels induced by hyperthermia were 
compensated for by an increase in both the heart rate and the cardiac 
output. The observed cardiovascular changes were not markedly different 
from those reported for the water perfusion suit method13 and the heat
blanket method. 

179 



48 
i 

, , , T T 
~ , 46 ECC on Cooling ECC 

off 

44 

.:... 
~ 42 
.a 41 
"' 8. 40 
E ... 
I-

38 

36 

Time (mini 0 

, 
~---. , 
, .. ' HE , ,1.. _______________________ .., 
, , , 

~ _______ E_8 _______________ • .o, 
R " 

,;. .. ~ .. t::.::: .. : .. : .. : .. : .. : .. : .. : .. ~.E~.:-: .. :-: .. : .. : .. : .. : .. : .. : .. : .. : .. : .. : .. :.~ __ \\ .. 

60 120 180 240 

" 
" ", , 

~ 

300 

Fig. 2. Typical time course and temperature 
changes during hyperthermic treatment. 
ECC, Extracorporeal circuit; HE, Heat 
exchanger; EB, Extracorporeal blood; 
R, Rectum; E, Esophagus 

Biochemical Examination of Serum. In our series, slight and transient 
liver dysfunction in SGOT, SGPT, and serum bilirubin was observed; however, 
the abnormal values in parameters of liver and renal function tended to 
return to the pretreatment levels about 1 week after TBHT. Some investiga
tors 6 ,S described elevations in serum bilirubin, alkaline phosphatase, SGOT, 
and SGPT when patients were heated greater than 41.S"C suggesting that the 
liver is susceptible to heat. 

Hematologic Examination. There was no instance of hemolysis as deter
mined by measurement of free serum hemoglobin. Thrombocytopenia was ob
served most frequently after TBHT. Total leukocyte count was usually ele
vated after TBHT and this raise was in the polymorphonuclear cell fraction, 
while the proportion of lymphocytes actually decreased. These changes in 
peripheral counts returned to normal levels 1 week after TBHT in most 
patients. 

Immunological Effects. Prolonged exposure of the total body of cancer 
patients to high temperature may bring about a disturbance in their immune 
response, possible leading to cancer proliferation or metastasis. We inves
tigated the effect of in vitro hyperthermia on murine and human lymphocytes 
from the viewpoint of cell-mediated immunity 14 , i.e., PHA-induced blasto
genesis and cytotoxic activity (Winn assay) of murine lymphocytes were 
reduced at 39"C and especially at 42"C hyperthermia. In human lymphocytes, 
rosette formation inhibition depended on heating time and temperature. 
PHA-induced lymphocyte blastogenesis was markedly inhibited at 42"C. These 
results indicate that host immunocompetence is adversely affected by TBHT. 
In our TBHT-treated patients, we observed transient decreases in lymphocyte 
blastogenesis, the C3c component, lymphocyte rosetting, and IgG, but these 
parameters recovered to pretreatment levels within 1 week after TBHT15. 
These clinical results were different from the results of in vitro hyper
thermia. However, not only the effects of TBHT, but also the effects of 
extracorporeal circuit, anesthesia, and combined use of anticancer drugs 
must be taken into consideration. DeHoratius et a1 16 subjected patients 
with malignant diseases to TBHT and noted no remarkable changes in T-cells 
and a decrease in the C3c component. Gee et al. 17 reported that in advanced 
cancer patients, TBHT produced a reduction of cell-mediated immunity; 
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however, total recovery occurred within a few days. Our and other workers 
results indicate that TBHT therapy leads to a transient decrease in the host 
immune response. Therefore, we believe that there is no necessity for 
giving special consideration to a long-standing reduction of cell-mediated 
immunity in TBHT therapy. 

Therapeutic Effects And Complication 

The results of collected patients treated with extracorporeally induced 
TBHT are described18 . A total of 444 TBHT treatments were administered to 
168 patients with far-advanced miscellaneous cancers in seven Japanese 
hospitals between 1980 and 1985. Of these patients, 148 (88.1%) had had 
unsuccessful chemotherapy and/or radiation therapy. Fifty-five of these 
patients (33.3%) had primary tumors and 112 (66.7%) had secondary metastatic 
or recurrent tumors after surgical resection of the primary tumor. The 
majority of patients was in generally poor condition and 55 patients (32.7%) 
had been receiving continuous intravenous hyperalimentation because of poor 
nutritional status at the time of initiation of TBHT treatment. 

Tumor response was evaluated as follows: complete response (CR); com
plete regression of all recognizable disease for at least 4 weeks; partial 
response (PR); 50% to 99% decrease in the sum of the two longest dimensions 
of all lesions for at least 4 weeks; minor response (MR); 25% to 49% regres
sion in these parameters for at least 4 weeks; no change (NC); less than 25% 
decrease or increase in these parameters; and progressive disease (PD); 
greater than 25% increase in the parameters or the appearance of new 
lesions. The mean number of treatments was 2.64 (range, 1-8) and the mean 
maintenance time of temperaure (41.5-42'C; rectal temperature) was 11.4 hr 
(range, 2-44 hr) per patient. 

Therapeutic Effects. We could not evaluate any antitumor effects in 
36 of 168 patients (21.4%). Three of 36 patients had no measurable disease 
and 33 had died before the evaluation was made. Twenty-four of 33 patients 
died of complications that resulted from TBHT. Another cause of death was 
rapid deterioration in general condition (cachexia) after the first treat
ment; nine patients died before an evaluation could be made, without any 
evidence of obvious complication. The incidence of these deaths from TBHT 
treatment increased with reduced pretreatment performance status. 

As shown in Table 2, the antitumor effects of TBHT on malignancy were 
evaluated in 132 patients. Overall, regression of malignancy was found in 
39 of 132 patients (29.5%). There were 2 (1.5%) CRs, 30 (22.7%) PRs, and 
7 (5.3%) MRs. The most favorable result was obtained in patients with lung 
cancer. Although this resposne rate is far from satisfactory, if we con
sider that almost all patients in this series had been unsuccessfully 
treated by other methods and were in the terminal stage of their disease, 
this result is encouraging as a multimodal cancer treatment. Table 3 shows 
the anticancer effects of TBHT analyzed with respect to the site where the 
major malignant lesions exist, irrespective of whether these are primary or 
secondary lesions. A positive response to TBHT was observed in tumors 
situated in the lung, liver, lymph nodes, and soft tissue, but there was a 
poor response by tumors in the peritoneum (peritoneal dissemination), bone, 
stomach, pancreas, and large bowel. However, there were no differences in 
the responses of tumors categorized by their histologic patterns. It is 
very interesting to note that, in this series, favorable antitumor effects 
were obtained exclusively in patients whose dominant tumors were in the 
lung, liver, limph nodes, and soft tissue. Although we are unable to 
explain the reason for this phenomenon, this result may be important and 
useful, hereafter, for evaluation of patients as possible candidates for 
treatment by TBHT. 

Patients undergoing TBHT were simultaneously receiving a variety of 
chemotherapeutic drugs. There was no clear relationship between an objec-
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Table 2. Antitumor Effects of Total-Body Hyperthermia on Malignancy 

Malignancies 

Gastric cancer 

Large bowel cancer 

Lung cancer 

Breast cancer 

Pancreatic cancer 

Renal cancer 

Malignant melanoma 

Liver cancer 

Uterine cancer 

Malignant lymphoma 

Pharyngeal cancer 

Testicular cancer 

Esophageal cancer 

Bladder cancer 

Ovarian cancer 

Thyroid cancer 

Choledochal cancer 

Osteosarcoma 

Others 

Total 

No. of evaluable 
patients 

30 

29 

22 

10 

6 

4 

4 

2 

2 

2 

2 

1 

2 

2 

5 

132 

Antitumor Effects* (%) 
CR PR MR NC 

(16.7) 

5 (17.2) ( 3.4) 

1 (4.5) 7 (31.9) 2 ( 9.1) 

2 (20.0) 2 (20.0) 

(25.0) 

(25.0) 

2 (66.7) 

1 (50.0) 1 (50.0) 

2(100.0) 

1(100.0) 

1(100.0) 

(50.0) 

1 (20.0) 

1 (25.) 

1(100.0) 

15 (50.0) 

13 (44.8) 

7 (31.8) 

6 (60.0) 

5 (83.3) 

1 (25.0) 

2 (50.0) 

(33.3) 

(75. ) 

(50.0) 

(50.0) 

(50.0) 

(50.0) 

1 (20.0) 

PD 

10 (33.3) 

10 (34.5) 

5 (22·.7) 

1 (16.7) 

2 (50.0) 

(25.0) 

1 (50.0) 

(50.0) 

(50.0) 

(60.0) 

2 (1.5) 30 (22.7) 7 (5.3) 58 (43.9) 35 (26.5) 

39 (29.5) 

*CR: complete response; PH: Partial response; MR: minor response; NC: no change; 

PO: progressive disease 

Table 3. Antitumor Effects Analyzed by Site of Malignancy 

No. of evaluable Antitumor effects (%) 
Cancer site 

patients CR PR MR NC,PD 

Lung 41 (2.4) 12 (29.3) 2.4) 27 (65.9) 
Liver 21 8 (38.1) 4.8) 12 (57.1) 
Lymph nodes 15 1 (6.7) 3 (20.0) 2 (13.3) 9 (60.0) 
Soft tissue 14 4 (28.6) 3 (21. 4) 7 (50.0) 
Peritoneum 14 ( 7.1) 13 (92.9) 
Bone 9 (11.1) 8 (88.9) 
Stomach 8 (12.5) 7 (87.5) 
Pancreas 6 6(100.0) 
Large bowel 4 4(100.0) 

tive tumor response and the nature of the simultaneous chemotherapy as shown 
in Table 4. A slight favorable response was observed when cisdiamminedi
chloroplatinum (II) (CDDP; 30-60 mg/m 2 per treatment) was administered alone 
or as the main drug in multiple combination chemotherapy than adriamycin 
and/or mitomycin C were employed. We were enable to elucidate the effect 
of the timing of the administration of the drugs on the antitumor response. 
When TBHT was performed without combined chemotherapy, no PR was obtained, 
and MR was found in only two of six patients. 
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Table 4. Combined Anticancer Chemotherapy and Anticancer Effects 

No. of evaluable Antitumor effects (%) 
Drugs 

patients CR PR MR NC,PD 

CDDP* 63 (1.6) 17 (27.0) 4 ( 6.3) 41 (65.1) 
Adriamycin 32 1 (3.1) 6 (18.8) 25 (78.1) 
Mitomycin C 23 5 (21.7) 1 ( 4.3) 17 (73.9) 
ACNU** 4 4(100.0) 
Carbazilquinone 2 (50.0) 1 (50.0) 
Bleomycin 2 1 (50.0) 1 (50.0) 
None 6 2 (33.3) 4 (66.7) 

*CDDP: cis-diamminedichloroplatinum (II); **ACNU: nimustin hydrochloride 

There was a relationship between the response of the tumors .and the 
pretreatment performance status of the patients. An objective response was 
found in only 3 of 29 evauable patients (10.3%) whose pretreatment perform
ance status (Karnofsky's criteria19) had been less than 30%. On the other 
hand, an objective response was obtained in 36 of 103 evaluable patients 
(35.0%) whose performance was 31% or more. The number of TBHT treatments 
also was closely related to the patients' pretreatment performance status. 
Ninety patients received one or two TBHT treatments and 78 patients received 
TBHT more than three times. An objective response was observed in 13 of 55 
evaluable patients (23.6%) who received one or two treatments and 26 of 77 
evaluable patients (33.8%) who received more than three treatments. 

An analysis of the tumor response with respect to the presence or 
absence of previous treatment before TBHT showed that 148 patients had 
received chemotherapy, chemotherapy combined with radiotherapy or radio
therapy alone. In these patients an objective response was obtained in 35 
of 115 evaluable patients (27.8%). Whereas, in 20 patients who had received 
no previous treatment, an objective response was observed in 7 of 17 evalu
able patients (41.2%). One year survival rates for patients with tumor 
regression (CR, PR, MR), NC, and with PD were 36.4%, 17.3%, and 0%, 
respectively. 

Complications. The incidence of complications and the mortality in
creased in proportion to the reduction of the performance status of patients 
before TBHT as shown in Table 5. Six patients died of lung complication 
(lung edema in four and pneumonia in two) and six died of hepatic insuffici
ency. All six patients who died of hepatic insufficiency had manifested 
obstructive jaundice before TBHT. Five patients died of bleeding from 
cancer (gastric cancer in two cases; lung cancer, breast cancer, and liver 
cancer in one case each) and three patients died of massive bleeding from 
other site (intratracheal, intra-abdominal, and superior mesenteric aneu
rysmal bleeding in one case each). Two patients died of renal insufficiency 
and femoral wound infection (sepsis). None of the patients with manifested 
neurotoxicity died. Overall, thirty-three of 168 patients (19.6%) died of 
complications or of cachexia without complications after relative short 
period of TBHT. Furthermore, 20 of 33 patients who died had poor perform
ance status of less than 30%, by Karnofesky's classification, before TBHT. 
These results suggest that we should reconsider the bases for selection of 
patients for treatment with TBHT and that we should pay greater attention 
to the possible development of fatal complications. 
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Table 5. Complications due to Total-Body Hyperthermia 

Pre-treatment performance status: Kar 
Complication nofsky scale (No. of treated patients) Total No. 

100-71% 70-50% 50-31% 30-20% of patients 
[30J (39J (50) (49) 

Pulmonary complication 2(1) 1(1) 3(1) 5(3) 11(6)* 
Hepatic insufficiency 3(2) 5(4) 8(6) 
Hemorrhage in cancer site 

Gastric cancer 2(1) 1(1) 3(2) 
Liver cancer 1(1) 1(1) 
Lung cancer 1(1) 1(1) 
Breast cancer 1( 1) 1(1) 

Hemorrhage in another site 

Trachea 1(0) 1(1) 2(1) 
Intraabdominal 1(0) 1(1) 
Reptured aneurysma 1(1) 1(1 ) 
Gastro-intestinal 2(0) 2(0) 1(0) 5(0) 

Cardiovascular shock 1( 1) 1(1) 1(0) 3(2) 
Renal insufficiency 1(0) 1(0) 2( 1) 4(1) 
Local infection (Sepsis) 1(1) 2(0) 3(1) 
NeurotoxiCity 

Foot drop 3(0) 2(0) 2(0) 3(0) 10(0) 
Hallucinations 2(0) 3(0) 1(0) 6(0) 
Ataxia 2(0) 3(0) 1(0) 7(0) 

*No. of deaths in parentheses. 

PROBLEMS IN TOTAL-BODY HYPERTHERMIA 

Treatment by extracorporeally induced TBHT involves several unfavorable 
aspects, such as high cost; high incidence of fatal complication as well 
nonfatal neurologic or muscle 2 ,20 toxicity; relative low I-year survival 
rates, even in patients with tumor regression; a transient decrease in host
immunocompetence 15; and an increased possibility of enhanced distant metas
tases, as observed experiment with an animal model 21 . However, we can 
anticipate some useful antitumor effects from TBHT in hopeless patients with 
terminal cancer, who have received unsuccessful prior treatment, when TBRT 
is the multimodal cancer therapy of last resort. Actually Engelhardt22 
recently reported the updated result of TBRT induced by the hyperthermic 
chamber. In a randomized study for patients with small cell lung cancer; 
one receiving chemotherapy alone, and the other receiving the same chemo
therapy plus TBHT, responses (CR+PR) were 8/22 in the normothermic treatment 
arm and 15/22 in the hyperthermic treatment arm. Further, mean duration of 
response was significantly longer in hyperthermic group and there were only 
minimal differences in toxicity. Any way, further efforts are seemed to be 
necessary to increase the safety of our TBRT and to minimize complications, 
as well as to augment its antitumor effects. 

Patient Selection 

TBHT should not be performed on patients in poor condition and with 
obstructive jaundice. Full attention should be paid for an A-V shunt flow 
volume because an excessive flow rate causes the development of lung edema 
even in patients in good general condition. TBRT should be performed more 
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than three times for patients whose dominant tumors are in the lung, liver, 
lymph nodes, and soft tissue, irrespective of whether the tumors are primary 
or secondary. 

Thermochemosensitivity of Human Tumor Cells 

To augment the antitumor effects of TBHT, the use of antitumor drugs 
during hyperthermia seems to be indispensable. Which chemotherapeutic agent 
is most valid? Experimentally, both in vitro and in vivo, an augmented 
antitumor effect has been observed when hyperthermia has been combined with 
a number of chemotherapeutic agents 23- 25 . Ideally, in the future, the 
selection of patients for treatment of TBHT combined with anticancer drugs 
should be decided by the results of thermosensitivity and thermochemosensi
tivity assay, performed on the cancer cells of each patient. Such assays 
for sensitivity to hyperthermia have been reported already using xenografts 
of human tumors in nude mice 26 and by a human tumor stem cell assay27. 

Tables 6 and 7 show our results of thermochemosensitivity assay against 
colorectal cancers by the human tumor clonogenic assay28. The rate of high
er sensitivity (70% and over in ratio to colony inhibition) of cancer cells 
to cis-diamminedichloroplatinum, 5-fluorouracil and mitomycin C was 13.8%, 
24.1% and 48.3%, respectively. The rate of higher sensitivity to hyper
thermia alone was 29.6% and 55.6% at 42"C and 43"C, respectively. The 
sensitivity was augmented when hyperthermia was combined with administration 
of anticancer agents. Even in tumor cells that were not sensitive to anti
cancer drugs, sensitivity was enhanced when combined with hyperthermia. 
These results indicate that human tumor clonogenic assay may be useful as 
a predictive test for the application of thermochemotherapy and for individ
ualization of chemotherapy. Further efforts are necessary to introduce 
assays for sensitivity into the clinical applications of TBHT. 

Table 6. Drug Sensitivity of Human Tumor Cells 

Inhibition ratio (%) in colony formation* 

Anticancer Sensitivity rate Sensitivity rate 
of of 

drugs** 50-60% 70% and over 

CDDP (0.2ug/ml) 8/29(27.6) 4/29(13.8) 

5-Fu (1.0ug/ml) 12/29( 41. 4) 7/29(24.1) 

MMC (0.3ug/ml) 20/29(69.0) 14/29(48.3) 

*(l-colonies in treated group/colonies in nontreated group)x100. 
**( ): 1/10 of the maximum concentration in blood. 
Abbreviations: CDDP, cis-diamminedichloroplatinum; 5-Fu, 5-fluorouracil; 
MMC, mitomycin C 

Timing Between Hyperthermia And Chemotherapy 

The selective enhancement of drug delivery to tumors is an important 
factor in the effectiveness of thermochemotherapy in not only local hyper
thermia but also TBHT as well as standard normothermal chemotherapy. It has 
been suggested that hyperthermia exerts a great influence on blood flow in 
both normal tissues and tumors. With respect to the changes of blood flow 
that accompany local hyperthermia, it is generally accepted that the rela
tive increase in the rate of blood flow is large in normal tissue but rather 
small in tumors during hyperthermia at 42-43"C29,30. But, there is little 
information about it during TBHT. We studied the effect of TBHT on blood 
flow in tissues during TBHT by hydrogen clearance method31. Fig. 3 shows 
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Table 7. Sensitivity of Human Tumor Cells to Drugs plus Hyperthermia 

Anti- Inhibition ratio (%) in colony formation 

Heating Cancer Sensitivity rate Sensitivity rate 
of of 

(1 hr) drugs* 50-69% 70% and over 

42·C 15/27(55.6) 8/27(29.6) 

CDDP 17/26(65.4) 8/26(30.8) 

5-FU 17/26(65.4) 13/26(50.0) 

MMC 22/26(84.6) 17/26(65.4) 

43·C 21/27(77.8) 15/27(55.6) 

CDDP 23/26(88.5) 19/26(73.1) 

5-FU 23/26(88.5) 20/26(76.9) 

MMC 25/26(96.1) 24/26(92.3) 

*Concentrations and abbreviations are the same as in Table 1. 
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Fig. 3. Changes of Tissue Blood Flow during TBHT 

the changes of blood flow (3 treatments) in tumor, and normal skin that 
overlays the tumor in patient with local recurrence after surgery from colon 
cancer (a 46-year-old man). The decreased tendency in tumor blood flow in 
both marginal (at a depth of 1.5cm from the skin) and core (at a depth of 
4.5cm) sites. This result may indicate, under TBHT, that anticancer drugs 
should be administered during the initial phase of TBHT. 

Further study is necessary to clarify an optimal timing between TBHT 
and chemotherapy. 
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Results of a Phase I study led our group to the conclusion that a 
radiant heat system provides a safe and effective method of inducing 41.8°C 
whole body hyperthermia (WBH) which is suitable for combination therapy. 
The review to follow summarizes our progress in combining WBH with other 
cancer-treatment modalities, including ionizing irradiation, chemotherapy 
and immunotherapy. 

INTRODUCTION AND BACKGROUND 

As most cancers which are refractory to conventional therapy are 
systemic in nature, we have focused our attention on whole body hyperthermia 
(WBH). Although research relating to WBH has continued for over 15 years, 
many clinicians have avoided systemic hyperthermia as it has been labor
intensive, has required complex equipment, and has been associated with 
appreciable toxicity (21). Our belief that WBH could contribute to the 
control of systemic disease led to an analysis of the various systems 
available for WBH (5, 18), including a comprehensive review of the published 
WBH clinical experience as well as physiological thermoregulatory 
principles. Based on this assessment, we predicted that a simple system 
based on the control of radiant heat exchange to supplement metabolic heat 
production might provide several advantages, including: a) decreased 
morbidity, b) elimination of general anesthesia and endotracheal intubation, 
c) improved patient comfort, and d) favorable cost-benefit considerations. 
In order to test the feasibility and validity of our projections regarding 
the use of radiant heat as a basis for a WBH technology, we embarked on 
aggressive preclinical and clinical research programs (11-28). 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bieher et a/. 
Plenum Press, New York, 1990 
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Results of a Phase I study led our group to the conclusion that a 
radiant heat system (RHS) provides a safe and effective method of inducing 
WBH which is suitable for combined modality therapy (15). This conclusion 
has been substantiated in a series of second-generation studies consisting 
of approximately 600 WBH treatments (14, 15, 23-21). 

The biophysical basis for the use of the WBH-RHS is well reviewed in a 
series of papers (5, 15, 18, 21). The WBH-radiant heat device consists of a 
cylinder surrounded by specialized heating cables (Enthermics Medical 
Systems, Inc.). The essence of the system relates to exposing the patient 
to a low-density radiant heat (while preventing evaporatiave heat losses). 
As radiant energy exchange is highly efficient, i.e., a function of the 
fourth power of the absolute temperature of surfaces involved (i.e., the 
patient and the wall of the apparatus), this methodology is relatively effi
cient in terms of heating times. When patients achieve target temperature, 
their hyperthermic state is almost entirely maintained by metabolic heat 
production. 

Patients are placed within the cylinder with their heads exposed and 
the treatment chamber is humidified to prevent evaporative heat losses. The 
physiological basis for the operation of the system relates to two 
principles: 1) radiant heat exchange is the major component of thermal 
regulation in man when evaporative heat losses are minimized; 2) as core 
temperature increases there is a nonlinear increase in metabolic rate. 

Patients undergoing treatment receive intravenous (i.v.) fluids to com
pensate for fluid losses. The drugs lidocaine and thiopental are used as 
the primary sedative during WBH as they display synergistic sedative effects 
when used in combination (15). Lidocaine also provides cardiac arrhythmia 
prophylaxis; thiopental provides seizure prophylaxis (15). We have also 
shown that these drugs may have antineoplastic activity in the setting of 
hyperthermia (13, 16). 

For patient comfort, the drugs droperidol, levorphanol and i.v. 
diazepam are also utilized during therapy (15). The goal of this sedation 
is to have a calm patient who can sleep intermittently, yet respond lucidly 
to verbal stimulation, retain laryngeal reflexes, and continue spontaneous 
respirations at a rate greater than 10 breaths per minute. 

The various physiological changes observed during WBH with this system 
have been reviewed in detail elsewhere (14, 15, 19, 21, 22, 21) and beyond 
the scope of this review. 

In brief, patients undergoing radiant heat WBH with the system 
described here always have increases in both heart rate and cardiac 
output. The degree of cardiac stress is minimal in preselected patients, as 
reflected by normal pressures seen during swan ganz catheterization; stroke 
volume has been shown to be relatively constant during treatment. Hepatic, 
renal, hematologic, endocrine, and central nervous system toxicity has not 
been significant to date. 

MULTIMODALITY CLINICAL TRIALS 

WBH and Ionizing Irradiation 

We have recently tested the use of WBH with ionizing irradiation in two 
clinical pilot studies (20, 25, 26). One program integrated 41.8°C WBH into 
a typical radiotherapy regimen for unresectable nonsmall cell lung carcinoma 
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confined to the thorax. The 6 patients in this pilot study (26) received 
WBH (41.8°C x 75 minutes) 4 times during the first 2 weeks of a 6-week 
radiotherapy course. Hyperthermia was initiated within 15 minutes after 
irradiation. For these 2 weeks, the spinal cord was shielded to avoid the 
theoretically increased risk of transverse myelitis with WBH-irradiation. 
In so doing, part of the mediastinum and contralateral hilar region were 
partially shielded. For the last 4 weeks patients received only conven
tional radiotherapy reaching a net dose of 60 Gy. 

Interestingly, toxicity did not appear to be increased by adding WBH. 
It was formally estimated that the net incidence of significant morbidity 
was at most 37% (95% confidence interval), which is not unusual for irradia
tion alone. Specifically, radiation pneumonitis occurred to the same extent 
as would be expected with 60 Gy irradiation alone; 1 patient developed moist 
desquamation. None of the patients developed transverse myelitis. 

Gross disease responded in 5 of the patients, but 2 of these recurred 
with pericardial effusions. Although pericardial effusions are common in 
this setting, it is conceivable that mediastinal shielding could have been a 
contributing factor. Because of this possibility, the treatment program for 
future studies was modified to "sandwich" each hyperthermia treatment 
between two irradiation fractions. This change is expected to increase 
thermal radiosensitization during the first 2 weeks to compensate for the 
partial shielding effect to neoplastic cells. 

A second study (25) at the University of Wisconsin combined WBH with 
total body irradiation (TBI) in the treatment of 8 patients with low-grade 
B-cell neoplasms (7 nodular lymphomas, 1 chronic lymphocytic leukemia). 
Usually TBI is complicated by treatment-limiting thrombocytopenia and leuko
penia which occur during the course of irradiation. However, preclinical 
studies using the AKR murine leukemia model suggested the possibility of a 
therapeutic gain by giving TBI with WBH (11, 31). Treatment therefore 
consisted of TBI at 12.5 cGy twice a week up to a net dose of 1.5 to 2.0 GYi 
each TBI treatment was followed immediately by WBH (41.8°C x 75 min). 

In these 8 patients, there were 3 complete responses, 4 partial 
responses, and 1 objective response (48% tumor reduction) with a median time 
to treatment failure of 9.4 months (90% confidence interval). In addition 
to achieving frequent responses, myelosuppression was not treatment
limiting. Indeed, the results obtained were suggestive that WBH might be 
protective against radiation-induced thrombocytopenia. This result is in 
sharp contrast to previous TBI studies and to patients treated concomitantly 
at our center using TBI and lonidamine, a putative radiosensitizer. 

Admittedly, patients were not randomized to the TBI-WBH or TBI
lonidamine studies. However, it is still interesting that TBI-Ionidamine 
produced only 1 complete response, 4 partial responses (out of 10 patients 
versus 7 of 8 patients in the WBH study), and a median time to treatment 
failure of just 2.4 months (versus 9.4 months in the WBH study). Because of 
these differences, it was felt that a formal randomized comparison of TBI
WBH versus TBI alone is warranted. 

WBH and Lonidamine 

Lonidamine is also of interest as a cytotoxic chemotherapeutic agent in 
its own right and as a nonmyelosuppressive drug which has supra-additive 
tumoricidal interactions with hyperthermia. Because of these properties, we 
have also combined lonidamine with WBH in a Phase I clinical trial (24). 
This investigation utilized a hyperthermia "escalation" schema reaching two 
41.8°C WBH treatments (75 minutes) each week. Three groups of patients 
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received lonidamine at 60, 180 and 360 mg/m2 per day (Groups A, Band C 
respectively). 

As would be expected with lonidamine, 16 of the 24 patients reported 
myalgias with 2 patients requiring 20 to 30% dose reductions. One patient 
required a 25% dose reduction for central nervous system toxicity reflected 
as diminished concentration, depression, and photophobia. 

Posthyperthermia (93 treatments at 41.0°C and 105 treatments at 41.8°C) 
5 patients developed fatigue and lethargy and 5 patients reported head
aches. The same number of patients reported nausea and some episodes of 
vomiting, which ended within 12 hours after treatment. This emetogenic 
effect seemed related to thiopental-induced gastric stasis and responded to 
metoclopramide. Encouragingly, the combined WBH-Ionidamine regimen did not 
produce myelosuppression or any other significant toxicity. 

In this study, 20 patients were evaluable for response. There were 
2 partial responses in Group B (nodular lymphoma and appendiceal adeno
carcinoma); there was measurable clinical improvement in 1 patient with an 
adenocarcinoma of the urachus. In Group C, we observed 1 complete remission 
(lung cancer), 2 improvements (lung cancer and melanoma) and 3 disease 
stabilizations greater than 100 days (adenocarcinoma). 

WBH and Interferon 

We have also combined WBH with human lymphoblastoid alpha interferon 
based on preclinical studies showing significant antiproliferative and cyto
toxic interactions between the two agents (11, 28). In a Phase I study 
(28), 17 patients were treated with WBH alone (40.5°C for 75 minutes), with 
interferon alone (1, 3 or 10 x 106 units/m 2 i.m.), and then with both WBH 
and interferon (interferon 1 hour before WBH). This design permitted com
parisons of the toxicities of WBH or interferon alone and in combination. 

At the highest treatment level, patients eventually received interferon 
at 1 x 10 7 units/m 2 i.m. for 6 consecutive days with WBH on days 4 and 6. 
The treatment schedule permitted the development of tachyphylaxis to 
interferon-related fever and patient temperatures 24 hours after WBH were 
not significantly different for single agent as opposed to combination 
therapy. Furthermore, repeated toxicity and pharmacologic evaluations did 
not show significant differences between single agent and combination 
therapy. There also was no evidence of cumulative toxicity in 6 patients 
who received maintenance combination therapy for up to 1 year. A trend 
toward increased natural killer cell activity and antibody-dependent cellu
lar cytotoxicity with the combination of WBH and interferon was observed. 

Collectively, these findings demonstrate that twice weekly WBH 
treatments can be safely integrated into relatively high-dose interferon 
regimens. In addition, while this was a Phase I study (in heavily pre
treated patients), it should be noted that there were partial responses in a 
37-year-old woman with nodular lymphoma and in a 38-year-old male with 
metastatic melanoma. Additionally, 3 patients with metastatic disease 
(1 melanoma and 2 leiomyosarcomas) have experienced exceedingly long disease 
stabilizations (i.e., 4.2, 3.1 and 2.3 years, respectively) and continue to 
show no evidence of disease progression. 

Carboplatin and WBH--A New Clinical Trial 

The combination of hyperthermia and the chemotherapeutic agent, 
cisplatin, has generated considerable interest as an anticancer therapy as 
hyperthermia has been found to enhance the tumoricidal effect of cisplatin 
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in vitro, in. vivo, and clinically using regional hyperthermia (i.e., limb 
perfusion) (1, 8, 29). 

Unfortunately, cisplatin in combination with hyperthermia currently has 
limited clinical utility. For many cancer patients, local or regional 
hyperthermia may have only palliative benefits because of the spector of 
systemic metastases (11). In addition, the combination of cisplatin and WBH 
has been associated with unacceptable clinical toxicity including severe 
renal injury not seen with other drugs using the same hyperthermia systems 
(6, 10, 34). This increased nephrotoxicity may result from increased renal 
cisplatin uptake as suggested from canine experiments (10). In addition, 
despite vigorous antiemetic prophylaxis, cisplatin frequently causes severe 
or intractable nausea and emesis (34). Because of the risk of aspiration 
pneumonitis, these side effects are undesirable with any WBH system which 
does not require endotracheal intubation (15). 

Carboplatin is an appealing alternative to cisplatin in the setting of 
WBH. Carboplatin and cisplatin appear to have the same active intermediate 
and have similar spectra of antitumor activity (2, 7, 9, 30). Carboplatin 
is also much less emetogenic than cisplatin (2, 7, 30) and carboplatin does 
not cause nephrotoxicity (2, 7) even at the very high doses used in the 
setting of autologous bone marrow transplantation. In addition, we have 
recently demonstrated supra-additive cytotoxic interactions between hyper
thermia and carboplatin at systemic hyperthermia temperatures (3). The 
thermal enhancement ratio for carboplatin is sUbstantial (3.32 at 41.8°C) 
(3) and is nearly identical to the thermal enhancement ratio for cisplatin 
when the two drugs are simultaneously compared in the same cell line (4). 
We have further found the combination is well tolerated in a murine model at 
dose levels consistent with clinical practice, with results that also show 
therapeutic enhancement (32, 33). The presumptive biophysical basis for 
this therapeutic enhancement, i.e., selective killing of neoplastic cells in 
comparison to normal hematopoietic tissue, is discussed elsewhere (12). 
Thus, based on the aforementioned preclinical data, a Phase I clinical trial 
of the combination of carboplatin and WBH has been initiated at the 
University of Wisconsin Clinical Cancer Center. 

WBH As Part of a Preparative Regimen for 
Allogeneic Bone Marrow Transplantation 

Another area of interest for our group is the use of WBH in the setting 
of bone marrow transplantation (11, 17) Preliminary results in this program 
have been promising (23). The rationale for the use of WBH in this clinical 
setting is reviewed in detail elsewhere (11, 17, 23). Preclinical data 
suggests that the addition of WBH to ablative radiotherapy should have cyto
reductive advantages. Immunological benefits including decrease in host
mediated rejection of allogeneic donor marrow have similarly been predicted. 
Other potential immunological features relating to the use of WBH in the 
setting of allogeneic bone marrow transplantation include the effects of 
hyperthermia on tumor immunogenicity as well as the expression of graph 
versus host disease. Preliminary clinical data support the aforementioned 
speculation regarding the positive role of WBH in this clinical setting (23). 

SUMMARY 

In summary, response data and the lack of toxicity observed in our 
ongoing clinical trials show that prospective randomized (Phase III) multi
institutional studies are feasible. It is the goal of this review to 
generate greater interest in the potential use of WBH as an adjunct in the 
treatment of neoplastic diseases. 
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Intraperitoneal (IP) cisplatin-based chemotherapy provides prolonged 
disease-free survival in some women with residual peritoneal ovarian cancer 
following systemic chemotherapy. This review presents several considera
tions which support the combined use of IP carboplatin and whole body 
hyperthermia in this patient population. This novel treatment approach is 
predicated on projected advantages which relate to improved therapeutic 
index. 

INTRODUCTION AND BACKGROUND 

Intraperitoneal (IP) drugs administered in a large volume of solvent 
(e.g., 2 liters) only gradually enter the systemic circulation (8, 12, 24, 
25) although most IP drug ultimately reaches the general circulation to 
affect systemic metastases (e.g., more than 90% with cisplatin) (8, 12, 
24). Due to slow drug egress from the peritoneal space and the relative 
rapidity of systemic drug elimination, the IP drug concentration and the IP 
area under the concentration-time curve (Le., "AUC") can greatly exceed the 
systemic drug concentration and systemic AUC (8, 12, 24). As a result, due 
to local drug diffusion, tissue drug concentrations can significantly exceed 
systemic drug levels for at least several millimeters into a peritoneal 
tumor (e.g., 4 mm after 120 mg cisplatin/m2 IP) (21). This phenomenon has 
been applied in the treatment of primary ovarian cancer which typically 
remains limited to the peritoneal cavity until relatively late in its 
disease course (8, 24). 
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Cisplatin and carboplatin, which appear to have the same active inter
mediate, have similar activity for IP chemotherapy of ovarian cancer. These 
platinum analogues show very similar efficacy against ovarian cancer (27, 
33) and they are the most active antineoplastic drugs in this disease (7, 
26, 27, 33). Both drugs also exhibit a steep dose-response relationship 
(19, 27). Intraperitoneal cisplatin achieves approximately a 15 to 30-fold 
dose advantage (AUC peritoneum divided by AUC plasma) based on actual 
clinical measurements of IP and serum drug levels (12, 18, 24, 30). Dose 
advantages for IP carboplatin may be modestly higher based on data from 
2 patients (29 and 50 fold) for whom such measurements exist (22). A higher 
dose advantage is expected due to carboplatin's faster plasma clearance (3, 
6, 16, 22) and due to carboplatin's greater molecular weight which causes 
slower egress from the peritoneal space (24). Overall, the depth of 
carboplatin penetration into tumor should equal that of cisplatin (24). 
Both drugs are well tolerated at high IP doses such as 200-300 mg carbo
platin/m2 (22), up to 120 mg cisplatin/m2 or up to 270 mg cisplatin/m 2 with 
systemic thiosulfate protection (12, 20, 21). 

Regimens employing such cisplatin doses produce long-term, disease-free 
survival in up to 69% of ovarian cancer patients who have minimal residual 
intraabdominal tumor (~2 cm in diameter) following their initial cisplatin
based systemic chemotherapy (13). Unfortunately, residual peritoneal 
oVarian cancer proves resistant to IP cisplatin regimens in at least 30% of 
these "good risk" patients as well as in 100% of patients whose residual 
disease exceeds 2 cm in diameter (13). Such treatment failures could 
reflect both the intrinsic drug resistance of some tumors or inadequate drug 
penetration into larger tumor nodules (13, 24). In the proposal to follow, 
we will outline the potential role of whole body hyperthermia (WBH) as an 
adjunct to IP carboplatin to overcome such therapeutic obstacles. 

WBH AND IP CARBOPLATIN 

An analysis of recent preclinical studies provides a foundation for the 
projected improvement in efficacy and therapeutic index when using WBH as an 
adjunct to IP carboplatin chemotherapy. Such an approach should produce 
substantial heat-carboplatin tumoricidal synergism, could enhance the depth 
of carboplatin penetration into peritoneal tumor, and could produce a 
therapeutic gain via several mechanisms. 

Advantages of Carboplatin 

Carboplatin is preferable to cisplatin in the WBH setting. Combining 
cisplatin and WBH has resulted in prohibitive nephrotoxicity in both pre
clinical (34) and clinical (11) studies. Thermal enhancement ratios for 
heat-cisplatin cytotoxicity (1, 5, 10, 23) are very similar to estimates of 
the thermal enhancement ratio for cisplatin nephrotoxicity (34). As a 
result, WBH may produce little or no real increase in cisplatin's thera
peutic index (5). In addition, cisplatin's emetogenic effects pose a risk 
for aspiration and subsequent pneumonitis when using a system for WBH which 
does not require endotracheal intubation (4, 29). 

In contrast, carboplatin is much less emetogenic than cisplatin (3, 6, 
15, 16) and carboplatin does not cause nephrotoxicity (3, 16) even at the 
very high doses used in the setting of autologous bone marrow transplanta
tion (L. Einhorn, Indiana University, personal communication). In addition, 
we have recently demonstrated supra-additive cytotoxic interactions between 
hyperthermia and carboplatin at WBH temperatures (4). The thermal enhance
ment ratio for carboplatin killing is substantial and is essentially the 
same as the thermal enhancement ratio for cisplatin when the two drugs are 
simultaneously compared in the same cell line (5). For example, the thermal 
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enhancement ratio is 3.32 at 41.8°C in the JM human T cell leukemia (4); 
i.e., 10 ~g carboplatin/ml at 41.8°C is equivalent to 33.2 ~g/ml at 31.0°C 
even after correcting for direct thermal killing. 

WBH and the Therapeutic Index of IP Carboplatin 

WBH could increase the therapeutic index of IP carboplatin therapy due 
to certain factors related to heat-drug sequencing. In particular, we have 
found that the hyperthermia-carboplatin sequence profoundly affects the 
degree of synergism achieved (4). Simultaneous heat and carboplatin causes 
maximal synergism, heat before carboplatin causes much less synergism, and 
heat after carboplatin causes minimal or no synergism (4). Thus, WBH can be 
given during the first 1 or 2 hours of IP carboplatin instillation when IP 
concentrations are highest and little drug has reached the systemic circula
tion (12, 13, 22). Thereafter, patients can be promptly returned to normal 
body temperature [in 30 minutes or less (29)] to minimize systemic heat-drug 
synergism. 

Myelosuppression, the dose-limiting toxicity of carboplatin (3, 6, 15, 
16), should be the most important systemic cytotoxic effect when combining 
WBH and carboplatin. In regard to carboplatin's myelosuppression, it should 
be noted that radiant heat WBH is nonmyelosuppressive, produces minimal 
morbidity, and as a single agent can produce brief tumor responses (29). 

Unique aspects of the heating of bone marrow during radiant heat WBH 
also have implications relating to myelosuppression. We (14) and others 
(31) have noted that bone marrow temperatures remain approximately 0.6°c 
lower than the core body temperature and other body sites during the plateau 
phase of WBH (i.e., when patients are maintained steadily at the target 
temperature). In addition, we have recently shown that the degree of 
hyperthermia-carboplatin synergism increases with increasing temperature 
(4). For instance, in the JM cell line, the thermal enhancement ratio for 
carboplatin killing is 1.89 at 40.5°C and increases to 3.32 at 41.8°C (4). 
Because of this relationship, bone marrow should experience less cytotoxic 
effect than would the remainder of the body during hyperthermia-carboplatin 
therapy. 

WBH and Platinum Resistance 

Combining hyperthermia and carboplatin might also address problems 
related to the platinum resistance of residual IP ovarian cancer cells. 
Hyperthermia and cisplatin together can overcome cisplatin resistance in 
rodent ovarian cancer cells in vitro (32). This effect is ideal for 
clinical IP chemotherapy which is given primarily (13) to eradicate 
persistent IP ovarian cancer which is resistant to the initial systemic 
cisplatin therapy. 

The ability to overcome platinum resistance might be related to the 
accelerated formation of reactive cisplatin metabolites which occurs at 
elevated temperatures (28, 35). However, platinum resistance frequently 
correlates closely with decreased platinum uptake into tumor cells (1, 9, 
11, 32) including in human ovarian carcinoma cells (1). Thus, overcoming 
resistance may especially reflect the increased platinum permeability of 
tumor cells that occurs at elevated temperatures (32). 

These physicochemical effects have special implications for IP 
therapy. Greater cell permeability to platinum agents might improve the 
depth of drug penetration into tumor tissue. This would address the 
probable cause of IP treatment failure in many patients with disease greater 
than ,2 cm in diameter (13). In addition, accelerated formation of active 
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platinum metabolites should increase the efficacy of IP carboplatin and also 
decrease the rate of entry of intact reactive platinum into the systemic 
circulation. 

In addition to tissue permeability, the duration and concentration of 
drug exposure are important determinants of drug penetration (8, 12, 13, 22, 
24, 25, 30). In this regard, studies of regional hyperthermia in dogs have 
noted that the transit of cisplatin out of the peritoneum is substantially 
slower in heated than in unheated animals (t~ 133 minutes vs. t! 68 minutes, 
p<O.OO1) (35). 

SUMMARY 

Taken collectively, the preceding considerations and observations 
suggest several mechanisms by which WBH and carboplatin could increase the 
efficacy and therapeutic index of IP platinum therapy. A necessary prelude 
to such an approach is a clinical Phase I trial combining WBH and systemic 
carboplatin. Such a study, supported by the Investigational Drug Branch of 
the National Cancer Institute (USA), is currently in progress at the 
University of Wisconsin Clinical Cancer Center. 
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OVERVIEW OF WHOLE BODY HYPERTHERMIA EXPERIENCE AT AMERICAN 

INTERNATIONAL HOSPITAL 

Ranulfo Sanchez, Robert D. Levin, Young DooKim, 
Alfonso Mellijor, Mary Ann Doyle, William Simonich, 
and R. Michael Williams 

American International Hospital 
Zion, Illinois 

Whole body hyperthermia (WBH) with general anaesthesia,utili
zing the heated water blanket technique of Barlogie et all 
and of Larkin2, have been utilized in 427 patients at Ameri
can International Hospital (AIH) from 1978 thru 1987. After 
an early developmental phase, we now treat to achieve a core 
body temperatures of 42.2°C for two hours with a rapid cool
down phase. Most patients received WBH once each month with 
chemotherapy beginning 18 hours after completion of WBH.This 
was done in an attempt to utilize WBH in its optimum condi
tions, and to utilize a wide range of chemotherapy drugs, 
given in combinations and doses felt optimum for patient care 
in the absence of WBH. These studies were primarily intended 
to confirm the safety of both forms of therapy given sequen
tially. 

Our 1985 protocol was designed to evaluate the ability of WBH 
to induce remissions in patients who have received two month
ly cycles of combination chemotherapy without apparently 
achieving an early response. Patients only then become eligi
ble for WBH. The ability of WBH to induce remission in this 
refractory group was then studied. Survival statistics from 
this group cannot thus be compared to studies which report 
all treated patients, because our WBH patients were selected 
for this poor prognostic factor. 

Eligibility criteria include: histologically proven malignan
cies, with life expectancy> 12 weeks, Zubrod performance 
status <=3, age> 15 years, serum creatinine < 2 mg/dl, pul
monary vital capacity > 75% of predicted, and an absence of 
brain metastases. Patients with prior radiotherapy to the 
spine are accepted, but we prefer to exclude those with 
radiotherapy to the spine within 90 days. Cardiac screening 
is important, for patients with significant cardiac disease 
are unlikely to tolerate the stresses of WBH. Electrolyte 
abnormalities should be corrected and the electrocardiogram 
should not evidence a significant arrhythmia. Consultation 
with cardiologists, and special studies, may be needed to 
help determine eligibility for WBH. 

Consensus on Hyperthermia for the /990s 
Edited by H. I. Bieher et a/. 
Plenum Press, New York, 1990 
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Table 1. Actuarial Per cent surviving and Median Survival (in 
months) in 427 Patients Receiving WBH and Chemotherapy 
from 10/78-12/87 

PRIMARY N LOST 1 YR 3 YR 5 YR MEDIAN 
SITE SURVIVAL 

(mos) 
Lymph Nodes 26 2 69% 53% 32% 43.6 
Kidney 11 2 51% 20% 20% 12.3 
Breast 144 9 56% 24% 16% 11.2 
Bone 23 2 60% 14% 9% 11.1 
Colon 42 3 39% 3% 0% 7.4 
Ovary 17 3 30% 22% 11% 7.0 
Melanoma 22 3 36% 21% 14% 6.0 
Myeloma/CLL 10 0 40% 20% 20% 6.0 
Lung 22 5 47% 12% 0% 5.5 
Stomach 18 0 22% 0% 0% 4.0 
ALL SITES 427 37 46% 18% 11% 8.1 

OVERALL SURVIVAL 

From 10/78 through 12/87, 1011 WBH therapies have been ad
minstered to 427 patients under various protocols approved by 
the Institutional Review Board for Research and Ethics. The 
survival of the composite groups is presented in Table I, 
which indicates the actuarial survival and median survival of 
our patients, reported as of 12/31/88. Here, N is the number 
of patients, and the number lost to followup is indicated. 
Individual tumor groups will be discussed separately below. 

PERCENT SURVIVING 

.... PER CENT 

o 100 200 300 

SURVIVAL (WEEKS) 

Chart 1. Survival of 144 patients with refractory metastatic 
breast cancer who received WBH. 

TWO CASE HISTORIES 

Patient E.D., 37 years old, had metastatic breast cancer 
which relapsed after adjuvant CMF chemotherapy and had a 
partial remission with combination chemotherapy with doxorub
icin, cyclophosphamide, and 5FU. She received chemotherapy 
with vinblastine and mitomycin C, but had progressive, wide
spread bone metastases. She then presented to AIH with large 
palpable metastases extending from the skull and ribs. She 
received WBH followed by constant infusion 5FU, and had 
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shrinking of palpable metastases within 48 hours of WBH, and 
was dramaically pain free within 5 days when the initial 
course of 5FU completed. She continued with 3 monthly cycles 
of WBH-chemo, and then continued with 5FU only, but relapsed 
after 6 months. 

Patient S.W., a 27yo male with initially a Stage lIB Hodgkins 
Disease, relapsed after several combination chemotherapy 
regimens. He began chemotherapy in 11/86 with BCNU, doxorubi
cin, vinblastine, and bleomycin. Only stable disease was 
evident by 3/87 when WBH was added to the same regimen. He 
then achieved a partial remission within one week, and recei
ved no further therapy until 8/87 when disease relapse oc
curred, which again responded to the same combination of WBH 
and chemotherapy. Due to the patients' unreliability, therapy 
has been sporatic and persistent Hodgkin's has been noted, 
but he continues with minor symptoms at this time. 

BREAST CANCER 

We have completed a more comprehensive review of our evalu
able patients with breast cancer who began therapy at AIH 
from 1982 - 1986, including 42 patients who received WBH and 
chemotherapy and 44 who received only chemotherapy3. This is 
reported in detail elsewhere in this vOlume4 • Proportional
hazards statistical analysis identified that survival depend
ed upon Zubrod performance status, tissue hormone receptor 
(Estrogen and Progesterone), number of prior chemotherapy 
regimens that previously were failed, and infiltration of 
tumor into visceral sites. These factors were independant of 
the effects of WBH. Clinical indicators of response included 
complete and partial remissions in accordance with the World 
Health Organization guidelines5 and an additional category of 
minor response is added, signifying patients with stable 
disease by WHO guidelines but with significant pain relief of 
at least two levels. In this group including extensively 
pretreated patients, 38 patients responded either completely, 
partiall~ or minimally. A logistic regression model of 
response ,t identified an increased chance of response with a 
positive estrogen receptor assay (p=O.0031) or with the use 
of Adriamycin (p=O.031). A decreased chance of response was 
noted in patients with prior chemotherapy for metastatic 
disease (p=O.012) or in patients with visceral metastases 
(p=O.02). 

Our breast cancer studies identified several interesting 
aspects: 

a) The overall groups of 28 evaluable patients who were 
matched for prognostic factors, had median time to tumor 
progression (TTP) and median survival that were similar to 
matched control patients, in spite of the fact that WBH 
patients were selected on the basis of not having an early 
response to chemotherapy. 

b) Upon relapse from a prior chemotherapy regimen, the 
survival advantage associated with positive estrogen and 
progesterone receptors was lost and receptor positive patien
ts then had a median duration of response of only 76 days. 

c) In 32 patients who previously failed chemotherapy 
regimens, there seems to be a doubling of median TTP in WBH 
as compared to chemotherapy-only patients, however small 

205 



sample sizes limit confidence in a statistical evaluation of 
this observation. 

d) The median TTP of our patients with liver metastases 
were 164 and 103 days in WBH and control patients. These 
results could not be correlated with the doxorubicin dose 
intensity calculated in mg/M2/wk. This apparent survival 
advantage favoring WBH was not evident in the overall groups 
because of dilution of the effects by good risk patients with 
positive hormone receptor tests or with previously untreated 

PERCENT SURVIVING 

o 120 240 360 

SURVIVAL (WEEKS) 

-iT- 9 HODGKIN I 5 
...... 15 NHL 

Chart 2. Survival of 9 patients with refractory Hodgkin's 
Disease and 15 patients with refractory Non-Hodgkin's 
Lymphoma. 

PERCENT SURVIVING 
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Chart 3. Survival of patients with refractory disease who 
received WBH and chemotherapy, including 11 with 
Hypernephroma, 22 with Sarcomas, and 38 with Colon 
Carcinoma 

patients whose salvage therapy was effective. The design of 
the studies to include only patients without an excellent 
response with initial chemotherapy may well underlie these 
conclusions. Current studies for breast cancer patients 
include randomized prospective trials to clarify the role of 
WBH, including trials for patients with, and without prior 
doxorubicin therapy. 
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OTHER TUMORS 

significant responses may be achieved with patients with lym
phoma or myeloma treated with or without concomitant chemo
therapy. Significant responses have been evident in patients 
with sarcomas, especially uterine leiomyosarcoma, hepatoma, 
and bowel adenocarcinomas. Detailed studies are in progress 
in these tumor types. 

TOXICITY 

Details of sUbjective toxicity, categorized according to WHO 
guidelines5 for 216 WBH treatments for 101 patients given 
from 11/16/82 to 2/8/89 are listed in Table 4. 
The usual transient laboratory changes of dilutional anemia, 
mild thrombopenia, hyponatremia and hypophosphatemia were 
common. The clinically expected subjective toxicities thus 
include edema, weakness, and fatigue, which may well persist 
for several days. Confusion and central neurological signs 
are occasionally seen following WBH, but usually resolve 
within 4 days, although two episodes took several weeks to 
resolve. One patient with refractory lymphoma, recent doxorub
icin and spinal radiation developed paraplegia immediately 
following WBH. No deaths associated with WBH were noted since 
1982 when current eligibility criteria were adopted. 

Table 4. Toxicity Experienced during 216 WBH Treatments. Each 
number indicates the percent of therapies with > Gr 2 WHO 
toxicity. N = the number with this data available. 

Interval 
Toxicity N Prior < 24 hrs After 1-4d After 

to WBH WBH WBH 
Zubrod level 215 12% 86% 20% 
Analgesia 215 30% 43% 33% 
Pulmonary Function 216 0% 1% 2% 
Diarrhea 215 1% 3% 2% 
Nausea/Vomiting 215 0% 0% 0% 
stomatitis 215 0% 0% 0% 
Cardiac Arrhythmia 215 0% 1% 0% 
Cardiac Function 215 0% 0% 0% 
Skin Burns 215 0% 0% 0% 
Fatigue 215 2% 79% 18% 
Neuropathy 215 0% 1% 1% 
Weakness 216 1% 69% 38% 
Confusion/stroke 215 0% 4% 1% 
Edema 216 1% 69% 38% 
Hemorrhage 216 3% 0% 1% 
Fever 215 1% 1% 1% 
Infection 215 1% 1% 1% 

CONCLUSION 

with studies designed to utilize WBH in patients eligible 
only once extreme clinical risks were present, we have demon
strated that WBH is clinically manageable in patients with 
extensive, metastatic disease. WBH has been shown to facilit
ate remissions in selected patients who were refractory to 
chemotherapy. This was true even though early studies did not 
demonstrate prolonged remissions with WBH alone. It does 
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remain disappointing, however, to continue to observe median 
remission durations undr one uear in most subgroups of these 
heavily pretreated patients. These studies doe not provide 
any useful clues regarding the mechanism for the occasional 
effectiveness of WBH. Since survival appeared to be prolong
ed in breast cancer patients whose chemotherapy regimen was 
not changed, reversal of chemotherapy resistance may have 
occurred in several patients. Prolonged remissions have been 
evident particularly in patients with liver metastases, 
suggesting that effectiveness may be organ specific. Prolong
ed remissions have not correlated with thermal dose intensity 
or with dose intensity of doxorubicin in the breast cancer 
patients, suggesting that other mechanisms of activity may be 
involved. Nevertheless, clinical remissions may be achieved 
in patients whose disease is refractory to multiple chemothe
rapy regimens, and transient benefit and pain control can 
provide individual patients new hopes. Our studies continue, 
and include additional studies of immune function during and 
after WBH, and well as prospective randomized trials to 
further delineate the clinical role of WBH. 
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HYPERTHERMIA AND CHEMOTHERAPY 

William P. Galen 

Changes produced in the cytotoxic effects of 
chemotheraoeutic agents on cancer cells by hyperthermia have 
been demonstrated in vitro and in vivo. Increasing cell 
toxicity has been shown as the temperature is raised from 40 
to 45 degrees centigrade. The mechanisms responsible for 
these temperature effects on cell killing by anticancer 
drugs are not entirely understood. In a recent review by 
Herman (1), possible explanations for this net increase in 
DNA damage seen after exposure to anticancer drugs and 
hyperthermia include the following: 

1. Hyperthermia may increase the drug uptake by cancer 
cell s. 
2. Hyperthermia may alter the intracellular distribution of 
the drug. 
3. Hyperthermia may alter metabolism of the drug. 
4. Heat may increase the drug reaction rate with DNA or 
inhibit DNA repair. 
5. Any combination of the above events. 

Not all chemotherapeutic drugs become more cytotoxic at 
elevated temperatures. Cell killing by AM SA and ARA C is 
actually inhibited by hyperthermia. The vinca alkaloids and 
the antimetabolites, 5-FU and methotrexate, are only 
additively cytotoxic with hyperthermia. Complex interactions 
between the anti-tumor antibiotics Adriamycin and 
Actinomycin 0 have been described in which either increased 
killing or protection can take place, depending on the 
timing of the drugs and the heat. In general those 
anticancer drugs whose cytotoxicities are increased at 
higher temperatures show greater supra-additive lethality as 
the temperature is progressively increased from 40 degrees 
centigrade to 45 degrees centigrade. Conversely, the 
cytotoxicity of Adriamycin, Bleomycin, Cisplatin and BCNU is 
inhibited when the tissue is cooled and exposure to the drug 
occurs at temperatures below 37 degrees centigrade. 
Adriamycin cytotoxicity appears to be particularly affected 
by lower temperatures. This may explain the protective 
action of scalp cooling on Adriamycin- induced alopecia. 

Consensus on Hyperthermia for the /990s 
Edited by H. I. Bicher et al. 
Plenum Press, New York, 1990 
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Data from Donaldson et aI, 1978; Kim et aI, 1978; Hahn 
1979: Marmor 1979; b Teicher et al,1981 a; Adams, et aI, 
1982i Herman 1983 b; Goldfeder and Newport 1984).*ln hypoxic 
cells. 

The rate of heating of tissues prior to exposure to 
chemotheraoeutic drugs may alter the cytotoxicity. It has 
been shown with BCNU, Cisplatin, Bleomycin and Adriamycin 
that a one hour exposure to these drugs at 42.4 degrees 
centigrade causes significantly less cell killing after a 
three hour transit from 37 degrees centigrade to 42.4 
degrees centigrade than does immediate exposure to the drug 

Table I. Cytotoxic interaction between anticancer drugs and 
hyperthermia. 

Supra-additive 

Adriamycin 
Actinomycin D 
Bleomycin 
BCNlJ 
Cisplatin 
Cyclophosphamide 
Melphalan 
Mitoxantrone 
Mitomycin C 
thio-TEPA 
Misonidazole* 
5-thio-Dglucose* 

.L\dditive 

Vincristine 
Vindesine 
~-Fl uorouraci 1 
Methotrexate 

Less than additive 

AMSA 
Ara-C 

If heat precedes drug: 

jl,driamycin 
Actinomycin D 

at 42.4 degrees centigrade. Thus, the more rapid heating 
possible with local or regional hyperthermia may have the 
advantage Of an increased cytotoxic interaction between the 
anicancer drug and hyperthermia than those techniaues used 
to induce whole body hyperthermia which reauire heating over 
two or three hours to reach that temperature. 

Effectiveness of chemotherapy depends upon the 
anticancer agents reaching the tumor cells in adequate 
concentrations to be cytotoxic. Changes in the intratumor 
circulation may profoundly affect the distribution of the 
drugs. These changes may be produced by rapid tumor growth 
with inadequate vascularization, prior surgery or radiation 
treatment. Methods used to enhance the drug concentration 
have included the following: 
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1. Arterial infusion chemotherapy provides a very high drug 
concentration on the initial pass through. This is used 
in hepatic artery, hypogastric artery and external 
carotid artery infusion programs. 

2. Isolation perfusion techniques used for extremity 
melanomas and sarcomas provide a more sustained high 
concentration of drug exposure to the cancer cells, 
while decreasing or preventing systemic toxicity. 

3. Chemoembolotherapy can provide the high drug 
concentration of arterial infusion therapy with the 
prolonged tumor dwell time produced by embolizing the 
arterial supply so the drug will not be rapidly washed 
out of the tissue. This is accomplished by injecting 
slurries of chemotherapy drugs mixed with contrast agent 
and either Gelfoam, microspheres or collagen particles 
into the supplying artery. 

4. Intracavitary chemotherapy provides a multifold drug 
concentration advantage for treating the surface two or 
three cell layers involved by tumor. 

Combining the above techniques with hyperthermia should 
enhance the tumor cell kill and produce better and more 
durable responses than seen with conventionally administered 
chemotherapy. 

Clinical trials of hyperthermia and chemotherapy have 
confirmed the benefits of the combined treatment in patients 
with advanced disease who had failed after repeated standard 
treatments with surgery, radiation, therapy and 
chemotheraoy. Generally, the chemotherapy drugs were used in 
conventional dosages and protocols with only the addition of 
hyperthermia. 

Whole body hyperthermia (WBH) has been extensively 
studied by Joan Bull (2) who reported responses in 10 of 19 
(53%) of heavily pretreated advanced sarcoma patients 
following WBH and BCNU chemotherapy. Sanchez (3), Levin (4), 
et al, reported responses in patients with advanced breast, 
cervix, biliary, sarcoma, and lymphoma given WBH and 
chemotherapy. A subsequent series of patients with advanced 
breast cancer (6) showed increased disease free and overall 
survival in hormone receptor negative patients given WBH and 
Adriamycin based chemotherapy vs. controls treated with the 
same chemotherapy alone. However, when the intensive care 
and cost in dollars and personnel presently required for 
safe WBH is coupled with the nondurable nature of most 
responses so far seen, WBH will probably remain the province 
of those centers that are currently studying its use. 

Regional hyperthermia (RH) provided by a variety of 
techniaues has been used in conjuntion with chemotherapy 
drugs. The problems of adequately heating tumors deep below 
the surface, while protecting surrnunding anrl sunerficial 
tissues have limited the applications. Techniques using 
ultrasound, radiofreauency, and microwave energy sources as 
well as hot water baths and hyperthermic arterial perfusions 
h~"e all been reoorted to ~uqment the effpcts of anticancer 
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drug therapy and produce responses in patients who had 
previously failed standard treatments. There has been no 
increase in systemic or local toxicity to the druQs when 
regional hyperthermia was used. In 1985, - Creech 
(5) first reported on the arterial perfusion technique for 
treating recurrent malignant melanoma of the extremity. 
~tehlin (6\ reported approximately doubling that response 
rate by heating the perfusate to 40 degrees centigrade. 
Probably the best study to demonstrate the value of 
hyperthermic perfusion in the treatment of extremity 
melanoma is Ghussen's (7) study which randomized patients to 
identical surgical treatment with and without the addition 
of hyperthermic Melphalan perfusion. The randomization of 
patients was stopped when analysis after 550 days showed 21 
local recurrences in the surgery only group vs. 4 
recurrences in the perfusion group. A five year followup 
reported 26 recurrences and 8 deaths in 54 patients in the 
control group vs. 6 recurrences and 1 death in 53 patients 
in the perfusion group. 

Klein (8) has treated 28 patients with advanced 
melanoma of the extremities with hyperthermic perfusion of 
Cis-Platinum, suggesting its use as an alternative to 
Melphalan. Pommier (9) reported treating 22 patients with 
extremity melanomas and 35 with soft tissue sarcomas with 
hyperthermic Cis-Platinum perfusions. Early data in both 
studies showed excellent local control. Survival data is not 
yet available to compare the results with those of 
Melphalan. 

Storm (10) summarized 194 patients with advanced and 
recurrent visceral cancers treated with standard dose 
chemotherapy and hyperthermia (13.5 mHz-Magnetrode). Fifty 
five (28%) of the patients showed regression of their 
disease and 83 (43%) had stable disease. Two hundred and 
eleven patients who had previously failed chemotherapy, when 
retreated with the drugs and hyperthermia, showed regression 
in 40 (19%) and stabilization in 64 (30%). 

Pilepich (11) reported the results of Bleomycin and 
hyperthermia therapy in 12 patients (8 squamous cell 
carcinoma of the head and neck, 4 adenocarcinoma of the 
breast) with persistant or recurrent disease following 
conventional treatment including full dose radiotherapy. 
Four patients went into complete remission and 6 showed a 
partial response. This study took advantage of the marked 
temperature dependence of Bleomycin described by Roizin
Towle (12) and for the first time showed an effect from 
treatment of advanced breast cancer with Bleomycin. 

Galen (13) reported the results of treating 10 patients 
with advanced pelvic colorectal metastases with aortic 
infusion chemotherapy using Cis-Platinum and FU combined 
with pelvic hyperthermia using the magnetrode (13.5 mHzRF). 
All patients had extensive prior therapy with surgery, 
radiation and chemotherapy. Tumor temperatures over 41 
degrees centigrade were recorded in 7 of the patients. Eight 
of the 10 patients responded subjectively and objectively. 
Median survival in the responders was 13.5 months vs. 4 
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months in the nonresponders. Four of the 8 deaths 
responders were due to cancer outside the treated 

in the 
region. 

Moffat (14) et al, described a mixed series of 178 
hepatic malignancies treated with RF hyperthermia at 13.5 
mHz and systemic or hepatic artery infusion chemotherapy. In 
37 patients with previously untreated hepatic metastases of 
colorectal cancer, 29 (78.4%) had partial regression and 3 
(8.1%) showed stable disease with a median survival of 36+ 
weeks. 

Herman (15) reported progress on a current study of 
combined ch~motherapy with weekly systemic Cis-Platinum, 
radiation therapy, and regional hyperthermia to 43 degrees 
centigrade in patients with advanced head and neck cancer 
and recurrent breast cancer. Seven of 14 patients reached 
CR and the balance aPR. 

Khandekar (16) has described the results of treating 43 
patients with unresectable pancreatic cancer with 
chemotherapy (CCNU and FU), radiation therapy (4,000 rads in 
20 fractions split course) and hyperthermia (13.56 mHz
Magnetrode). Of 36 patients in which tumor temperature 
measurements were made in this difficult area, 24 (67%) had 
temperatures over 41 degrees centigrade and 12 of these 
exceeded 42.5 degrees centigrade. There were two complete 
responses with survival at 44 and 53+ months. There were 18 
patients with PR with a median survival of 14.3 months. 

Sugimachi (17) treated 297 patients with squamous cell 
carcinoma of the thoracic esophagus. One hundred and eighty 
three had a subtotal esophagectomy following preoperative 
chemotherapy of Bleomycin 5 mg. IV twice weekly for 3 weeks, 
radiation therapy to 30 gray, and in 62 of these patients 
hyperthermia with a radiofrequency system using an endotract 
electrode in the esophagus twice weekly for 3 weeks. The 114 
patients who did not undergo resection received the same 
chemotherapy, 46.9 gray radiation therapy, and in 31 
patients hyperthermia twice weekly for 6 weeks. Of those 
patients undergoing esophagectomy, 43.2% of the 
hyperthermia-chemotherapy-radiation therapy (HCR) group were 
alive at 5 years compared to only 14.7% of the chemotherapy
radiation therapy (CR) group. 

Koga (18) and Fujimoto (19) have reported on the use of 
continuous hyperthermic peritoneal perfusion with Mitomycin
r (CHPP-M) in patients with peritoneal cancer. Koga 
randomized 60 patients with macroscopic serosal invasion but 
no macroscopic peritoneal metastases, who had undergone 
curative surgery for gastric cancer into 2 groups. Thirty 
two received CHPP-M and 28 did not. The CHPP-M was performed 
for 50-60 minutes while the patient was still in the 
operatinq room under general anesthesia. At 30 months 83% of 
the CHPP-M patients were alive vs. 67.3% of the control. 
Fujimoto treated 6 patients with peritoneal recurrence after 
radical surgery for gastrointestinal cancer with the same 
treatment program combined with surgical resection of the 
rAcurrent tumors and intestinal bypass anastomosis when 
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indicated. Malignant ascites, present in 5 of the 6 
patients, cleared and did not reappear. One patient with 
gastric cancer died after 5 months with hepatic metastases. 
Five of the 6 remaining patients show no evidence of disease 
at 8-17 months following treatment. 

have listed many of the studies demonstrating 
clinical value of adding hyperthermia to chemotherapy 
patients with advanced cancer. The treatments devised 
these patients with otherwise untreatable disease 
hopefully lead to improvements in survival and perhaps 
of many less advanced malignancies. 

PREDICTIONS AND HOPES FOR THE 1990'S 
Chemotherapy ~ 

the 
in 

for 
wi 1 1 
cure 

believe the 1990's will see further exloitation of 
this steeD temperature response seen with Cis-Platinum and 
Bleomycin. Carboplatin has similar anticancer effects as 
Cis-Platinum. In vitro studies have demonstrated synergistic 
effect with heat. The decreased nephrotoxicity, nausea and 
vomiting, when Carboplatin is used, will simplify treatment 
and decrease the hospitalization necessary for the hydration 
and antimetics used with Cis-Platinum. 

Chemotherapy administration 

The use of central access and venous port systems has 
simplified the administration of systemic chemotherapy. 
Repeated arterial infusion access can be provided with 
polyurethane catheters connected to subcutaneous ports. 
These can be inserted through a left axillary artery 
approach to a site in the aorta distal to the renal artery 
origin for pelvic infusion therapy. Similarly, catheters 
placed in the common hepatic artery can be connected to a 
subcutaneous Dort. 

Intraperitoneal hyperthermic perfusion 

Intraperitoneal chemotherapy has already shown value in 
the treatment of recurrent ovarian cancer with small volume 
residual disease. The trial of hyperthermic perfusion in 
this disease is the natural next step to increasing the 
durability of the response. Similarly, Duke's Band C colon 
carcinoma treatment with adjuvant intraperitoneal 
hyperthermic perfusion is a trial that must be done. 

4. Combinations of chemotherapy, radiation therapy, and 
hyperthermia should be evaluated in bulky nonresectable 
malignancies that may become resectable after treatment. 
Trimodality therapy is just beginning. 

Intraluminal hyperthermia 

Dr. Sugimachi has already pointed the way in 
esophageal cancer. The 1990's will see the development of 
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other intraluminal electrodes such as an intraurethral 
catheter for prostate cancer, biliary catheters for cancers 
of the common bile duct and head of the pancreas, and 
bronchial catheters for endobronchial treatment. Controlled 
heating of local malignancies is the goal of hyperthermia. 
Hyperthermia enhances the anticancer effectiveness of our 
chemotherapy drugs. We need to learn how to best use them 
together. The 1990's will see the movement of hyperthermia 
therapy into the regular clinical practice of oncology. 
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TREATING ADVANCED MELANOMA WITH HYPERTHERMIA IN A PRIVATE 

SURGICAL ONCDLOGY PRACTICE 

Pierre J. Greeff 

Surgical Oncologist 
Stehlin, de Ipolyi & Greeff Oncology ClinIc 
1315 Calhoun, Suite 1800 
Houston, Texas 77002 

From time to time oncologists are faced with difficult 
cancer problems for which standard methods of treatment hold 
little promise of success. Whereas we have long advocated the 
use of multiple therapeutic agencies with some success, the 
advent of clinically usable hyperthermia has added to our 
ability to manage even more complex problems, especially those 
which have failed to respond to standard measures. 

This presentation is in support of this concept and the 
real place which hyperthermia has earned in cancer therapy. 
Specifically, four advanced localized metastatic melanomas 
(two in the head and neck region, one in the groin region, one 
in the chest wall) were treated either with heat alone (one 
patient) or heat in combination with radiation therapy and 
chemotherapy (three patients). The hyperthermia was supplied 
by capacitive hyperthermia at 13.56 MHz in one patient while 
microwave hyperthermia (300 MHz CL 5000) was used in three 
patients. The documented responses will be demonstrated for 
both presentation and general comment. 

CASE 1 

C.W. is a 74 year old man who presented with locally 
advanced fungating ulcerating metastatic melanoma on the left 
side of his head and neck in February 1988. The prim'lry 
melanoma was widely excised from the occiput in October 1985. 
By April 1986 a left posterior neck nodal metastasis developed, 
treated by bilateral posterior neck dissection followed by 3000 
rads of radiation therapy. By May 1987 a left radical neck 
dissection was needed to remove recurrent metastatic disease. 
Systemic chemotherapy using Cisplatinum, Velban, and OTIC was 
subsequently administered followed by Actinomycin 0, tumor 
necrosis factor and most recently recombinant alpha-2 inter
feron. By late 1987 it was clear that all the above measures 
had failed to control the disease which was now progressing 
while the patient was deteriorating. 

Consensus on Hyperthermia for the 1990s 
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Upon presentation to me the metastatic mass measured 12 x 
10 cm, projected 5 cm above the level of the skin, and was fixed 
to the left posterior mandible, parotid, mastoid and upper neck 
regions. The central mass was friable and ulcerated. 

Treatment consisted of a combination of arterial chemo
therapy, radiation therapy and localized hyperthermia. Chemo
therapy and hyperthermia were administered simul taneously whi Ie 
radiation therapy followed immediately. Hyperthermia was 
administered in daily 90 minute fractions using the CL 5000 
(Bicher) single applicator 300 MHz microwave hyperthermia unit 
maintaining an average of 42 0 C. 

Intra-arterial chemotherapy was administered through a 
surgically placed catheter in the left external carotid artery 
via the superior thyroid artery. Its position and the extent 
of possible chemotherapy distribution was confirmed by injec
ting fluorescein dye under an ultraviolet lamp. This demon
strated a remarkable intense localized distribution of the dye 
throughout all the melanoma. Catheters were positioned throllgh 
the tumor mass into which thermocouples could be inserted for 
temperature moni taring during hyperthermic treatments. Chemo
therapy consisted of arterial Cisplatinum 100 mg/m2 over 1 hour 
followed by OTIC 200 mg/m2 over 2 hours on day 1 while the OTIC 
was given on days 2 through 5. 

Radiation therapy was fractionated into daily doses over 
a 3 week period for a total of 3900 rads. 

The cancerous mass was slow to respond but after 2 months 
a 50 percent reduction in the size was noted with healing of the 
ulcerated area. A repeat short COllrse of arterial chemotherapy 
with Cisplatinum and OTIC with hyperthermia was administered. 
No further radiation was given. After approximately 5 months 
all evidence of disease had disappeared and, to date, 18 months 
after starting treatment, he remains free of disease and in 
robust health. 

CASE 2 

M.C., a 68 year old woman, presented in September 1988 with 
a large ulcerated recurrent melanoma involving the right groin 
region, measuring 12 cm in diameter. Prior repeated surgical 
attempts at removal failed to control the disease. Immuno
therapy in the form of inoculations with irradiated melanoma 
cells likewise proved fruitless. After being informed that 
nothing more could be done for her at a major cancer treatment 
center, she sought assistance at our clinic. No prior radiation 
therapy or chemotherapy had been given. 

Multiple small pulmonary nodules represented the only 
evidence of metastatic disease upon further evaluation. Treat
ment consisted of combined intra-arterial chemotherapy, radia
tion therapy and microwave hyperthermia. 

Chemotherapy was given via a percutaneous arterial cathe
ter which was introduced into the right external iliac artery. 
Its position was confirmed by injecting fluorescein dye under 
an ultraviolet light demonstrating excellent staining of the 
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entire tumor bearing and ulcerated areas. This is a good 
indication of the potential distribution of the chemotherapy 
administered directly through the arterial line. Chemotherapy 
consisted of Cisplatinum 100 mg/m2 over 1 hour followed by OTIC 
200 mg/m2 over 2 hours on day 1. On days 2 through 5 only OTIC 
200 mg/m2 was introduced arterially. All chemotherapy was 
administered simultaneously with hyperthermia. 

Radiotherapy was administered for a total of 4500 rads 
tumor dose with Cobalt 60 fractionated over a period of 3.5 
weeks, each treatment immediately following the hyperthermia 
sessions. 

Hyperthermia was provided by the 300 MHz CL 5000 apparatus 
(Bicher) for 17 daily treatments each lasting 90 minutes. 
Thermocouples were placed in several previously positioned 
catheters in the tumor mass, a temperature of approximately 42 0 

C being maintained throughout each session. 

Within 3 months of completing the treatments the entire 
mass had resolved completely except for a residual 2.5 cm flat 
ulcerated area which failed to heal. A biopsy of this area 
after 6 months revealed residual melanoma which was retreated 
with hyperthermia and radiation therapy (2000 rads in 8 frac
tions with the 9 MEV electron beam). The small ulcer has 
remained stable since. The pulmonary nodules are unchanged 
after 12 months while a left iliac bone metastasis was recently 
successfully treated with radiation therapy and hyperthermia. 

CASE 3 

J .T. is a 41 year old man who presented in August 1988 with 
a large 10 cm mass of metastatic melanoma on the left upper 
chest wall behind the pectoral muscles, extending into the left 
axilla with swelling and pain in the left arm. This had 
occurred despi te several prior surgical attempts at removal. A 
metastatic survey revealed no cancer elsewhere. No prior 
chemotherapy or radiation therapy was administered. Surgical 
removal at this stage was considered impossible because of 
axillary vessel and possible brachial plexus involvement. 

Treatment consisted of combining systemic chemotherapy 
with localized radiation therapy and hyperthermia. 

Chemotherapy consisted of a 5 day course of intravenous 
OTIC 200 mg/m2 per day over 2 hours with a single dose of 
intravenous Cisplatinum 100 mg/m2 given on the first day over 
1 hour. Each treatment was given while the local hyperthermia 
treatment was in progress. 

Radiation therapy to the tumor followed immediately after 
each daily hyperthermia session for a total of 3000 rads with 
Cobal t 60 teletherapy over 10 days. An addi tional 1500 rads was 
given 3 weeks later with hyperthermia only for each of 5 days. 

Each of 15 daily localized hyperthermia treatments was 
provided by two 300 MHz parallel opposed applicators (CL 5000 
- Bicher) one positioned anteriorly, the other posteriorly 
opposite the tumor with the patient in a sitting position. 
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Average temperatures of 420 C were recorded by thermocouples in 
percutaneously placed catheters in the tumor. Other than 
superficial blisters on the skin no complication was noted. 

Wi thin 3 months the tumor mass had markedly reduced in size 
and by 6 months had completely disappeared resul ting in full use 
of the left arm with complete disappearance of the swelling. 
All these responses were documented by CT scans. 

Unfortunately subsequent metastatic disease developed in 
the left lung, successfully treated with capacitive hyper
thermia, radiation therapy and systemic chemotherapy. The 
response, however, was short-lived as he developed subsequent 
brain metastasis followed by' progressive bilateral pulmonary 
disease which ended his life. The treated mass in the chest 
wall remained under control. 

CASE 4 

E.D., a 50 year old man, presented with a large mass 
occupying most of the left side of the head and neck, measuring 
15 cm in diameter. A prior biopsy was strongly suggestive of 
metastatic melanoma although no primary lesion was ever de
tected. Paralysis of the left vocal cord with right lateral 
flexion of the neck produced difficulty with speech and respi
ration. No prior surgery or radiation therapy was applied 
except for chemotherapy and 2 recent total body hyperthermia 
treatments which produced no benefit. Surgical removal was 
deemed technically impossible. 

Treatment consisted entirely of localized hyperthermia. 
This was administered by a 13.56 MHz capacitive device through 
copper plates coupled to the skin overlying the tumor both 
anteriorly and posteriorly. Four 3 hours treatments over a 
period of 10 days resul ted in no change in the size of the tumor 
but fluctuation became apparent. A needle introduced into the 
mass produced several hundred ccs of dark liquid followed 
rapidly by reexpansion of the mass as bleeding took place into 
the mass. After an additional 2 hyperthermic treatments, 
surgical removal was recommended when it became clear that the 
size of the mass could not be reduced. An extended left radical 
neck dissection was performed and to our surprise the mass was 
more easily removed than anticipated due to a thick, rind-like 
capsule having developed as a result of extensive necrosis in 
response to the hyperthermia treatments. 

As best it could be evaluated histologically, all tumor 
was necrotic. 

The patient is alive and well 10 years later. 

CONCLUSION 

A question frequently raised when such cases are presented 
concerns the role of hyperthermia in procuring such gratifying 
responses. The fourth case is, of course, exempt because 
hyperthermia was the only treatment prior to surgical removal 
to produce total necrosis of the tumor. Any suspicion that 
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hyperthermia had any part to play in the other three cases must 
also be equally leveled at what part chemotherapy or radiation 
therapy had in the response. In the absence of controlled 
prospective trials one has to make educated inferences based 
not only on the clinical evidence but also on the proven 
effectiveness of elevated temperatures on cancer cells in the 
laboratory and its known enhancement of both chemotherapeutic 
agents and radiation therapy. This will leave little doubt 
that, all things considered, hyperthermia was the common de
nominator to effect the dramatic responses witnessed in the 
cases presented. This only serves to encourage the continued 
application of hyperthermia in treating those tough cases we 
face all too often. 

221 



THE ROLE OF HYPERTHERMIC PERFUSION IN THE TREATMENT OF TUMORS 

OF THE EXTREHITIES 
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relli, L. Cavallero, F. Moscarelli, L. Aloe and 
R. Cavaliere 

Department of Surgery, Regina Elena National Cancer 
Institute, Viale Regina Elena, 291, 00161 Rome, Italy 

INTRODUCTION 

Approximately 60% of all soft tissue and osteogenic sarco
mas and 50% of all melanomas arise in the extremities. Treat
ment of these tumors has traditionally been limited to local 
surgical procedures, often resultin8 in a non-functioning limb 
or amputation, particularly in the case of sarcoma and in a 
local recurrence rate primarily related to the biological tumor 
aggressiveness. A high incidence of micrometastatic nodules 
has been found in most high-grade sarcomas and in high-risk me
lanomas in the form of "skip" or "in transit" metastases. This 
suggests that these tumors cannot be managed as locally con
fined neoplasms, being a regional disease flab initio" and re
quiring loco-regional treatment. 

With this aim in mind, the technique of hyperthermic perfu
sion (H.P.) for the treatment of patients affected with tumors 
of the extremities was adopted in 1964 at the Regina Elena Na
tional Cancer Institute. 

The first clinical results obtained with H.P. in treating 
limb tumors were satisfactory in terms of tumor control. How
ever, a high incidence of complications was observed due to the 
high temperatures (42.5°-43°C) employed to reach a tumoricidal 
effect. Following this first experience, the technique was mo
dified to include antineoplastic drugs into the perfusional cir
cuit. The synergism obtained with the combined treatment per
mitted reducing the temperatures as well as the duxation of the 
perfusion without decreasing the effectiveness of the treatment. 
Hyperthermic antiblastic perfusion (H.A.P.) is therefore rou
tinely employed today. 

Our experience over the past 20 years with different mul
timodali ty treatment protocols vlhich all include perfusion as 
the first step, followed by surgery, radiotherapy or regional 
chemotherapy, combined in different manners, is reported. The 
impact of each approach on patient survival is also discussed. 
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MATERIALS AND METHODS 

Technique 

The technique of H.A.P. has been previously described (1). 
Only few details are therefore reported. 

The axillary and iliac vessels are cannulated for the upper 
and lower limbs respectively. The iliac approach is preferred 
for two main reasons: 
1) during the isolation of the iliac vessels, the intraoperato

ry examination of the obturator and iliac nodes permits mak
ing a more accurate staging in the event of a melanoma; 

2) the femoral approach may be employed for a second perfusion 
in the case of a recurrence. 

The cannulae are connected to an extracorporeal circuit, 
equipped with an oxygenator, a pump and a heat exchanger. As 
soon as the tumor and muscle temperature reaches the preestab
lished level of approximately 41.5°C, the antineoplastic drugs 
are directly injected into the arterial circuit line. Melpha
lan, at a dosage of 10 mg/liter of limb volume, is employed 
for melanoma, while a combination of Melphalan and Actinomycin 
D (0.8 mg/Kg and 0.015 mg/KW is used for soft tissue and osteo
genic sarcomas. The antineoplastic drug Cisplatin has been re
cently adopted for these tumors at a dosage of 3.2 mg/Kg of 
body weight which, in a dose-escalation study, was shown to be 
the maximum tolerable dose for a temperature of 41.5°C (2). 

Clinical Material 

To December 1988, a total of 416 patients affected with 
tumors of the extremities has been treated with H.A.P. The 
staging system of the M.D. Anderson Hospital and Tumor Insti
tute was adopted for melanoma. Table I presents the stratifi
cation of the melanoma patients according to stage. 

TABLE I 

STRATIFICATION OF MELANOMA PATIENTS ACCORDING TO DISEASE STAGE 

IV N 
IV V 
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stage No. of Patients 

I 80 

II 8 

III A 47 

III B 28 

III AB 28 

IV N 28 

IV V 29 

Total 248 

= Extraregional node involvement 
Visceral metastases eXCluded from the evaluation 



Stage I melanoma patients are considered eligible for 
H.A.P. only if the tumor thickness is ~ 1.5 mm. Prophylactic 
lymphadenectomy is never performed and regional nodes are re
moved only if histologically involved (stages IIIE-IIIAB). Ex
traregional node involvement was present in 28 patients, during 
the isolation of the iliac vessels. These patients were clas
sified at stage IV N and were included in the evaluation. Twenty 
nine patients with visceral metastases, classified at Stage IV V 
and treated with H.A.P. only for palliation, were therefore ex
cluded from the evaluation. After the H.A.P., metastatic nodules 
which had not completely disappeared were surgically removed at 
the time of their maximum reduction generally 20 days after 
the perfusion. 

Two different protocols have been adopted for the treat
ment of osteogenic sarcomas. In the first series of patients, 
amputation was routinely performed four weeks after the H.A.P. 
because the real effectiveness of H.A.P. was not completely 
known. At that time, demolitive surgery was considered the 
treatment of choice. 

After the satisfactory results achieved in terms of both 
tumor necrosis and patient survival, the treatment protocol was 
modified. If the tumor is resectable, the patient is treated 
with H.A.P., an "en bloc" resection and bone reconstruction with 
metallic endoprosthesis or bone autografts. In the case of un
resectable tumors, H.A.P. is always carried out. If the tumor 
becomes resectable, conservative surgery is performed; other
wise the patient is amputated. 

Eligibility criteria for an "en bloc" resection includes 
the following: 
a) more than 10 years of age, when statural growth has, for the 

most part, been completed; 
b) the possibility of performing a wide excision, including the 

tissue surrounding the tumor; 
c) no metastases present 

To December 1988, a total of 79 osteogenic sarcoma patients 
have been treated. Thirty three were submitted to amputation 
and 41 were treated with conservative surgery. Of the 38 pa
tients to be treated with amputation, only 30 may be evaluated 
for 5 refused amputation after the perfusion and were not in
cluded in the protocol. Three of the 33 patients were lost to 
follow-up at 2, 3 and 4 years respectively and could therefore 
not be evaluated. Regarding the group of patients treated with 
H.A.P. and conservative surgery, 2 out of 41 may not be evalu
ated because of inaccurate preoperative staging. Only 39 were 
therefore included in the protocol. 

The American Joint Committee staging system was adopted 
for soft tissue sarcomas. The stratification of the patients 
according to the stage of the disease and the treatment proto
col is presented in Table II. 

seven out of 89 patients presented visceral metastases, 
other than local relapse. They were therefore treated with 
only palliative intents and were not included in the evalua
tion. Two patients died during the postoperative period. The 
remaining 80 received further therapy according to different 
protocols, as follows: 
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a) H.A.P. + surgery delayed amputation or eXC1S1on, depending 
on the size, site and shrinkage of the tumor mass; 

b) H.A.P. + continuous infusion of intra-arterial Adriamycin 
(ADR) or radiotherapy to improve regional disease control 
and increase the possibility of conservative surgery, while 
evaluating the impact on long-term cure. 

It should be emphasized that 51 of the 80 patients (63.7%) 
were classified at Stage III or IV A. 

A continuous infusion of ADR was generally initiated with
in 10 days after the H.A.P. Three cycles, 10 mg/day for 10 
days each, were administered at 10-day intervals, followed by a 

TABLE II 

DISTRIBUTION OF PATIENTS TREATED WITH H.A.P. ACCORDING TO 
STAGE AND TREATMENT PROTOCOL 

Treatment 

Excision 

Amputation 

ADR Intra-arterial 
Infusion + Excision 

Radiotherapy + Excision 

Total 

stage III-IVA: 51/80 
ADR: Adriamycin 

I 

2 

3 

2 

7 

Stage 
II III IVA 

9 4 7 

5 3 14 

3 

5 

22 

7 

4 

7 

5 

18 33 

Total 
22 

25 

19 

14 

80 

delayed wide excision. Radiotherapy was carried out by exter- . 
nal beam source within 4 weeks after the H.A.P. All the pa
tients received a dosage varying from 45 to 60 Gy, depending on 
the local tolerance. A delayed excision was performed 3 to 4 
weeks later. 

COMPLICATIONS 

Major complications, namely a high incidence of postope
rative deaths, non-functional limbs and arterial ruptures or 
thrombosis requiring amputation occurred during the first pilot 
experience employing H.P. alone (3). 

In the patients treated with H.A.P., the heat exchanger 
temperature was lowered because of the synergism existing bet
ween hyperthermia and antineoplastic drugs. In this manner, 
complications were kept at a minimum. 
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The postoperative death rate was only 3%. As regards 
morbidity, most of the complications were vascular. Two ar
terial ruptures requiring dacron prostheses occurred in pa 
tients treated for melanoma. In one patient with osteogenic 
sarcoma, an arterial embolism occurred at the tibio-peroneal 
trunk which was unsuccessfully treated with embolectomy, later 
requiring amputation of the thigh. 

Of the patients treated for sarcoma, one was amputated be
cause of the development of postoperative gangrene of the limb. 
Another patient treated with H.A.P. + ADR infusion + excision 
developed arteritis with progressive arterial insufficiency of 
the limb requiring amputation 14 months after the perfusion. 
A patient treated with H.A.P. + radiotherapy + excision pre
sented postactinic necrosis of the femur with pathologic frac
ture, resistant to any form of orthopedic management. This 
patient as well was submitted to amputation 30 months after 
the perfusion. 

Chronic insufficiency and moderate but irreversible neuro
myopathy occurred in 2 patients treated with high-dose Cispla
tin (5.0 m~/Kg of body wei~ht) during the H.A.P. Since both 
the systemlc and local toxlcity appeared to be strictly Cis
platin dose-related, a safe therapeutic dose of 3.2 mg/Kg of 
body weight was established and has been employed since then 
(l) • 

Other minor local complications of the perfused limb occur
red which were mainly in the range of Wieberdink's grade II to 
III classification (4). 

RESULTS 

Melanomas 

The incidence of loco-regional relapse in the Stage I me
lanoma patients was 21.2%. Two patients (2.5%) developed in 
transit metastases, regional node relapses developed in 14 pa
tients (17.5%) and 1 patient (1.2%) had both skin and node me
tastases. Eight patients presented distant metastases with no 
loco-regional relapse. 

The 5 and 10-year disease-free survival rates observed 
were 62.3% and 56.9% respectively, while the 5 and 10-year 
overall survival rates were 80.8% and 77.2% respectively. 
These figures may be considered quite satisfactory considering 
the high risk population treated: 43 (53.9%) out of 80 pa
tients had a tumor thickness ~ 3 mm and the level was ~ IV in 
66 (82.5%) of these patients. 

For recurrent limb melanoma, H.A.P. is today considered 
the treatment of choice. Table III compares the 5-year over
all survival rates obtained with this technique to those ob
tained with surgery: 
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TABLE III 

FIVE-YEAR OVERALL SURVIVAL RATES OF STAGE II, III A, III BAND 
III AB MELANOMA PATIENTS TREATED WITH H.A.P. OR SURGERY 

Author II III A IIIB III AB 

H.A.P. 

Cavaliere 87.5 56.2 39.5 27.1 

Koops 86 67 46 ·40 

Stehlin 77 81 54 45 

Krementz 64 38 59 34 

Total 78.6 60.5 47.6 36.5 

surgery 

W.H.O. 
Karakoussis 36 27-30 24-40 0-16 

It is readily apparent that at every disease stage,H.A.p. 
has provided better results than surgery. Although the pre
sent report is a retrospective evaluation, the differences bet
ween the two treatments in terms of survival rates are so great 
that no doubts should exist regarding the superiority of H.A.P. 
as opposed to surgery. 

Osteogenic Sarcomas 

The results obtained with H.A.P. for treating osteogenic 
limb sarcoma are presented in the following Table: 

TABLE IV 

RESULTS OBTAINED IN OSTEOGENIC LIMB SARCOMA 
PATIENTS TREATED WITH H.A.P. 

Treatment 
protocol 

% of necrosis. 5-year 

* H.A.P. + 

Amputation 

** H.A.P. + 

Resection 

* 

80-100 

80-100 

** median follow-up: 90 months 
median follow-up: 50 months 
L.R. : loco-regional 
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L.R. control (%) 

100 

97.5 

5-year overall 
survival (%) 

63.3 



In the first group of patients treated with H.A.P. and 
amputation, histology showed a high degree of necrosis of the 
neoplastic tissue (80-100%). Regional recurrences were never 
observed and the 5-year overall survival rate was 63.3%. 

In the second group of 39 patients treated with H.A.P. 
and conservative surgery, the percentage of limb necrosis was 
in the same range as in the patients treated with demolitive 
surgery. A 5-year actuarial loco-regional control rate of 
97.5% was obtained and a local recurrence, clearly due to a 
technical error in the surgical resection, was observed in 
only 1 patient. The principles of the "en bloc" resection had 
not been respected as the section margin was too close to the 
tumor. The 5-year overall survival rate obtained was 64.7% 
which almost overlaps the survival rate of patients treated 
with demolitive surgery. 

These results seem to indicate that amputation is not 
mandatory for osteogenic sarcoma patients. 

Soft Tissue Sarcomas 

The results obtained with the different treatment proto
cols adopted were evaluated with regard to three end points: 
(i) the percentage of conservative surgery; (ii) loco-regional 
control, and (iii) survival. 

In the group of patients treated with H.A.P. and surgery, 
a delayed excision after the tumor mass shrinkage was possible 
in only 27 out of 47 patients (57.4%). In the remaining 20 
patients (42.6%) who were mostly Stage IV A patients, amputa
tion was required. The therapeutic effectiveness did not 
appear to be satisfactory as far as the long-term results are 
concerned, because of the high incidence of local recurrences 
(24.9%) and distant meta~tases. The overall 5-year survival 
rate was 46.8% (Table V). 

TABLE V 

FIVE-YEAR LOCO-REGIONAL CONTROL AND SURVIVAL RATES 
IN SOFT TISSUE SARCOMA PATIENTS 

Protocol 5-year. loco- S-year survival 

H.A.P. 

H.A.P. + 
ADR InfUsion 

H.A.P. + 
Radiotherapy 

ADR : Adriamycin 
D.F.: Disease-free 
O.V.: OVerall 

regional control 

75.1 

84.2 

100 

D.F. O.V. 

32.1 46.8 

49.6 74.5 

70.1 70.1 
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To improve loco-regional disease control and increase the 
rate of limb salvage treatments, the protocol was modified: 19 
patients received an ADR intrarterial infusion after the H.A.P. 
Both the local control and survival rates improved. Conserva
tive surgery could be performed in 17 out of 18 patients 
(94.4%). One patient was excluded because of amputation for 
progressive arteritis 14 months after the H.A.P. Local recur
rences occurred in only 14.8% of the cases and the 5-year di
sease-free and overall survival rates were 49.6% and 74.5% res
pectively. 

In the last group of patients treated with H.A.P. + radio
therapy, conservative surgery could be performed in all the pa
tients. An irreversible limb impairment due to postactinic 
femur necrosis was present in 1 patient, requiring amputation 
30 months after the perfusion. No local recurrences have been 
observed thus far and the 5-year disease-free and overall sur
vival rate is 70.1%. 

DISCUSSION 

Substantial in vitro, in vivo and clinical evidence indi
cate that hypertherm~s a-significant anticancer activity, 
particularly when combined with chemotherapy. This combination 
has been employed for treating aggressive melanomas, soft tis
sue sarcomas and osteogenic sarcomas of the extremities which, 
subclinically, often spread loco-regionally before systemic 
dissemination. 

In theory, the technique of hyperthermic antiblastic per
fusion seems to be tailored for the treatment of these extremi
ty tumors for several reasons: 1) the perfusional treatment 
involves the entire tumor-bearing limb, with possible control 
of metastatic foci; 2) the technique permits achieving homo
geneous elevated temperatures that can have a tumoricidal 
effect; 3) high concentrations of antineoplastic drugs (6-10 
times greater than those given systemically) can be injected 
into the perfusional circuit with a higher tumor drug uptake; 
4) an elevated temperature and drugs potentiate each other's 
activity; and 5) the tumor mass "shrinkage" after the H.A.P. 
permits carrying out conservative rather than demolitive sur
gery. 

The role of H.A.P. for the treatment of high risk Stage I 
limb melanoma patients has still not been completely defined. 
Nevertheless, retrospective analyses and more recently, the 
prospective randomized study of Ghussen have demonstrated the 
superiority of H.A.P. vs. surgery (5). For recurrent limb me
lanoma, H.A.P. is considered the treatment of choice. 

However, despite almost twenty years of experience and 
wide clinical implementation, the results obtained with H.A.P. 
are not homogeneous and clarifications must still be made re
garding the prognostic factors able to influence the disease 
outcome. 

With the aim of identifying tumor and/or treatment-related 
factors, a multiparametric analysis on 139 recurrent limb mela
noma patients treated with H.A.P. was carried out to verify 
the influence of the prognostic factors on the following end-
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points: tumor response, loco-regional control, disease-free 
and overall survival rates. The tumor response (according to 
W.H.O. criteria) was evaluated in 82 out of 139 patients: a 
complete res~onse (C.R.) was obtained in 39% of the ~atients 
while a partlal response (P.R.)(~ 50%) was achieved ln 39.7% 
of the patients. Clinical factors with a statistically signi
ficant correlation to the complete response were: the number of 
lesions (p 7 0.9000Q3), the ~ode status (p = 0.014) and the 
tumor locallzatlon (p = 0.03). 

With regard to the treatment factors, the highest number 
of C.R.s was observed in patients whose tumor temperature was 

41.5°C and maintained for the entire duration of the treat
ment {p = 0.02). When the drug dose, temperature and the number 
of lesions were simultaneously evaluated for their influence on 
tumor response, only the last two categories statistically in
fluenced the number of C.R.s. Nevertheless, a crosstabulation 
of drug dose (c: or) standard dose) and minimum tumor tempera
ture (min. T) (<; or> 41.5°C) in relation to the C.R., showed 
that the exploitation of the tumor response may be achieved 
only when the two agents are properly employed. In fact, the 
percentage of success of the treatment performed with a min. T 
~ 41.5°C and a standard dose was 15.4%, rising to 20% in 
patients treated with a higher than standard dose and to 35.3% 
in those treated with a min. T > 41.5°C. The C.R. rate was 
59. 4% employing the simultaneous association of a min. T > 
41.5°C and a? standard drug dose, showing a significant im
provement which was higher than that expected in the case of an 
additive relation and indicates the presence of a synergistic 
effect. 

As far as loco-regional control is concerned, the multiva
riate analysis on the basic series of 139 patients shows that 
only the number of lesions has a significant predictive value 
(p = 0.0003). The 5-year loco-regional control rate was 86.2% 
in patients with a single lesion, as opposed to 52.3% in pa
tients with multiple lesions. When the analysis was carried 
out on the subgroup evaluated for tumor response (82 patients), 
both the nQ~ber of lesions (p = 0.09) and the tumor response 
(p = 0.008) were selected as significant predictive categories. 
vmen all the categories were evaluated on the basic series of 
139 patients in relation to disease-free survival, only the 
number of lesions and the last disease-free interval were se
lected as statistically significant factors. In the sub~roup 
of 82 patients, only the tumor response showed a statistlcally 
significant predictive value for disease-free survival. Regard
ing overall survival, the multivariate analysis showed that only 
the node status, the number of lesions and the number of pre
vious relapses independently influence survival. In the sub
group of 82 patients, age, tumor response, sex and the number 
of previous relapses were selected as independent categories. 

The analysis, carried out with the aim of identifying the 
treatment- and/or tumor-related factors able to influence the 
disease outcome, permits making the following conClusions: 
1) in patients with the same tumor burden, a min. T> 41.5°C 

gave a higher rate of C.R.; 
2) the association of a min. T > 41.5°C and standard drug doses 

results in an exploitation of the treatment efficacy (a 
59.4% rate of C.R.); 

3) the tumor response has shown to statistically influence the 
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loco-regional control (75.3% at 5 years for C.R. vs 41.5% 
for P.R. + S.D., p = 0.009), the disease-free survival 
(51.4% for C.R. vs 15% for P.R. + S.D.) and, together with 
other clinical factors, overall survival; 

4) since the clinical parameters cannot be influenced, the ap
propriate treatment, in terms of both drug dose and level 
of hyperthermia, is mandatory for its impact on tumor res
ponse. 

The results obtained with H.A.P. for the treatment of os
teo~enic sarcomas may be considered quite satisfactory. In all 
the cases, the histological findings showed a marked necrosis 
of the neoplastic tissue, whereas the normal tissue surround
ing the tumor showed only minor damage. This regressed almost 
completely 1 month after the perfusion, as demonstrated in the 
amputated limb. Moreover, surgical removal is facilitated by 
the sclerosis of the tumor mass and its reduction after the 
H.A.P. and the perfusion directly includes the eventual "skip" 
metastasis as well, with a preoperative incidence ranging 
around 20-25% according to Enneking and Kagan (6). 

These considerations prompted us to undertake conserva
tive treatment after the perfusion. Treatment with H.A.P. has 
provided excellent results in terms of limb salvage. Nine pa
tients treated with conservative surcreryresponded so well to 
H.A.P. that the tumor became resectable, enabling us to spare 
the limb. In addition, the technique permitted obtaining com
plete loco-regional control (excluding the only local recur
rence caused by a technical error in the "en bloc" resection). 
The 5-year overall survival rate overlaps that obtained with 
demolitive surgery (64.7% vs 63.3% respectively), demonstrat
ing that amputation is not mandatory in the treatment of osteo
geniC limb sarcoma (7). 

In our experience, H.A.P. did not provide satisfactory 
loco-regional control for soft tissue sarcomas. In contrast 
to what occurred in osteogenic sarcomas, this could be explain
ed by the characteristics of the patients included in our 
trial: many had been previously treated with surgery, radio
therapy and/or chemotherapy. The former two treatments can 
reduce the blood circulation and drug uptake, due to sclerosis 
while tumors previously treated with chemotherapy can become 
less responsive to further treatments. Moreover, 51 (63.7%) 
of the 80 patients in this series were at Stages III-IV A, 
with a high risk of relapse. The association of the ADR infu
sion or radiotherapy with H.A.P. before tumor removal gave a 
better loco-regional control and permitted carrying out a 
higher rate of conservative surgery without impairing limb 
functionality (8). 

It could be hypothesized that the potential efficacy in 
tumor control may be further improved by employing more speci
fic drugs for soft tisuue sarcomas, other than LPAM and DACT. 
These were scarsely effective when used as single agents for 
treating soft tissue sarcomas. A significant therapeutic gain 
could be derived from the use of ADR, which, other than pos
sessing a synergism with heat, has a well documented tumor 
specific activity. 

As far as survival is concerned, trials employing H.A.P. 
have obtained quite satisfactory results with rates ranging 
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between 65 and 75% at 5 years (9,10). In evaluating these re
sults, two principle co~siderations should be recalled: 
1) in most of the reported series, half of the patients pre

sented recurrences and it is known that local relapse is 
followed by pulmonary metastasis in 30 to 60% of these pa
tients; and 

2) none of the patients treated with H.A.P. received systemic 
chemotherapy which, in some randomized clinical trials, has 
shown to increase coth the disease-free and the overall sur
vival rates. 

In conclusion, hyperthermic perfusion as a first step of 
a multimodality approach, plays an important role in the treat
ment of tumors of the extremities. 
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DEVELOPMENT OF AN ELECTRICAL IMPEDANCE TOMOGRAPHY SYSTEM FOR NONINVASIVE 

TEMPE...I{ATURE MONITORING OF HYPERTHE..'UfIA TREATMENTS 

B6rje Blad, Lennart Bertenstam and Bertil R.R. Persson 

Department of Radiation Physics, Lund University 

S-22l 85 LUND, Sweden 

INTRODUCTION 

It has been shown that it is possible to obtain information about the 
distribution of impedance within an object by measuring the voltage or the 
current on electrodes spaced on the object coming from a current or a 
voltage source. (Brown and Barber 1982, Barber and Brown 1984) 

The electrical impedance of tissue depends on its temperature. We 
have previously suggested its use for non-invasive temperature monitoring 
of hyperthermia treatments. (Persson et al. 1988) The aim of the present 
paper is to demonstrate the Lund electrical impedance tomography system 
and its potential use for non-invasive monitoring of temperature changes 
during hyperthermia treatment of cancer. 

ELECTRICAL IMPEDANCE TOMOGRAPY SYSTEM 

Technical description 

We have built a system utilizing 16 electrodes, which are used for 
alternatively driving current and measure voltages. The buffers, which are 
attached to the object, measure the voltages and are connected to 16 
instrument differential amplifiers. The PC-computer controls the equip
ment, collect data and make the reconstruction and presentation. (Blad et 
al. 1988) 

A block diagram of the system is shown in Figure 1. The voltage dif
ferences from the buffers are amplified and detected in the detector unit. 
16 DC-levels are converted to digital values in the AID converter. The 
current generator supply the object with a known current . 

.Image reconstruction algorithms 

The present algorithm relies an enhanced back projection technique, 
using 15 curved fields and 16 projections. Figure 2 shows a picture of the 
equipment and the layout of a screen showing different possibilities of 
the software. The picture of measurement shows different resistivity 
points. 
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Fig. l. 

236 

detector unit 

Current 
Gonerator 

L~r.=1 ====1EJ~ 

AID 

con
verter 

., 
::I 
m 
g 
I-
0( 
I 

U 
Q. 

A blockdiagram of the system. The voltage differences from the 
buffers are amplified and detected in the detector unit. 16 
DC-levels are converted to digital values in the AjD converter. 
The current generator supply the object with a known current. 



Fig. 2. Picture of the equipment and the layout of a screen snowing 
different possibilities of the software. The picture of measurement 
shows different resistivity points. 
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Fig. 3. 
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Distortion of the equipotential lines by an area of 10% increase in resistivity. 



Fig . 4 The temperature change as a function of time for various region 
of interest in a phantom. 
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The back projection method which is used for image reconstruction 
makes it necessary to make rather coarse assumption about the equipoten
tials. Thus the equipotentials in the objects are supposed to be the same 
as for homogeneous object. To overcome this problem we also calculate the 
equipotentials. This is done by using the Finite Element method. Figure 3 
shows how an area of 10% increase in resistivity distorts the equipoten
tial lines. 

Our aim is to implement an iterat:ive method proposed by Yorkey 
(1986). The basic idea is to adapt an assumed resistivity distribution to 
the real one. This can be done by assuming a distribution calculating the 
potential differences on the boundary and comparing them with the measured 
voltages. This process is repeated until the voltages match. The voltages 
are calculated using the Finite Elements Method mentioned earlier. The 
resistivity distribution is determined by a modified Newton-Raphson recur
sive formula. The drawbacks of the method are that the calculation is very 
time consuming. Presently FEM-calculation takes hours to do, using 
PC-computers. One way of reducing the time would be to make the first 
assumption of the resistivity distriblltion using the fast back projection, 
then make the refinements using the iterative method based on FEM. (Blad 
et al. 1988) 

TEMPERATURE MONITORING 
Temperat:ure sensit:ivity and resolution 

The sensitivity and resolution properties of the EIT system have been 
t:ested by using a matrix of resistive electrically heated points embedded 
in a tissue equivalent phantom (ground beef). Temperature dependence of 
resistivity is about 2% per °c. It is possible to achieve an image of 
resistivity change caused by about 0.2 °c temperature sensitivity. The 
result of a single point source indicetes that with the sensitivity of the 
present equipment it is possible to resolve 0.5 °c. With two point sources 
it was demonstrated that spots with one °c temperature difference could be 
separated at 4 cm distance. 

Dynamic temperature monitoring in a phantom 

Four thin polythene tubes are placed in a tissue-equivalent phantom 
(ground beef). Through tubes 1 and 2 are flowing cold water with a tem
perature of 7 degrees and through tubes 3 and 4 are flowing hot water of 
42 degrees. The temperature of the surrounding phantom-material is 22 
degrees. 

Measurements were performed every minute after start and the recon
structed images show the temperature changes from the starting conditions. 
In the first pictures all tubes are open, then the cold water was closed 
and only warm water was on, and at the end the cold water was closed and 
the warm water was opened again. The temperature change as a function of 
time for various region of interest can also be presented. The results 
from measurements at two different times are presented in Figure 4. 

Thermal self-regulating seeds 

We used the same phantom for inductive heated thermal self-regulating 
ferromagnetic seeds. To overcome the problem of heating the wires and the 
electrodes placed on the object we have to use very thin isolated copper 
wires (Litz wire). No heating in electrod'arrangement was observed. But a 
resistivity change in the phantom at the area with 5 self-regulating fer
romagnetic seed was shown in the image. 
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Fig. 5. Modulation transfer function offer possibility to get an estimation 
about the image quality of the system. A plate of high resistivit~7 
and another with low resistivity is put into a water phantom. The 
measured line spread functions and MTF(below) is presented in the 
diagram. 
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Fig. 6. An applicator were placed upon the phantom and the temperature 
in the centre was measured. The experimental arrangement and 
diagrams of measurements are shown in this figure. 

242 



!10dulation transfer function 

Modulation transfer function offer possibility to get an estimation 
about the image quality of the system. A plate of high resistivity and 
another with low resistivity is placed into a water phantom and imaged 
with ECT. The result of measured line spread functions and calculated MTF 
is presented in Figure 5. 

Hyperthermia treatment 

Next experiments describe temperature measurements together with 
hyperthermia treatment. No electrical interference between the systems was 
observed. The aim of the first part of the experiment was to heat up a 
tissue equivalent phantom consisting of so called super stuff. An applica
tor were placed upon the phantom and the temperature in the centre was 
measured. The experimental arrangement and diagrams of measurements are 
shown in Figure 6. 

CONCLUSIONS 

We have demonstrated that the Electrical Impedance Tomography method 
is useful for non-invasive temperature monitoring and that it is sensitive 
enough to use in hyperthermia treatments. The sensitivity and resolution 
properties have been tested by using a matrix of point heat sources 
embedded in a tissue equivalent phantom (ground beef). The result of 
a single point source indicates that with the sensitivity of the 
present equipment it is possible to resolve ± 0.5 CC. With two point 
sources it was demonstrated that spots with one degree temperature 
difference could be separated at 4 cm distance. The result of a 
single point source indicates that with the sensitivity of the 
present equipment it is possible to resolve ± 0.5 CC. With two point 
sources it was demonstrated that spots with one degree temperature 
difference could be separated at 4 cm distance. 

We have also studied the influence of flow in a phantom of 
ion-permeable collodium tubing in a phantom. The results of these 
measurements indicate that the EIT method is insensitive to flow 
in a phantom and thus probably to blood flow. 

The method is very promising in non invasive monitoring of clinical 
hyperthermia treatments and for thermal mapping. 
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THE ROLE OF PARAMEDICAL PERSONNEL IN THE FIEID OF CLINICAL 

HYPERTHERMIA; PAST, PRESENT AND FUTURE 

Randy D. Petty 

Stehlin Foundation for Cancer Research 
St. Joseph Hospital 
Houston, TX 77002 

The use of radiofrequency or microwave induced hyperthermia for the 
treatment of cancer is still a very new, challenging field. Although much 
has been learned in the past few years about the use of this modality 
through clinical trial and error, formal training for physicians and 
pararredical personnel is very limited. This paper looks at the role of 
pararredical personnel in the clinic and offers suggestions of formal 
training regimens to prepare personnel to render safe, effective treatment 
under the direction of the attending physician. 

The emergence of clinical hyperthermia facilities began in the United 
States in the late 1970's. At that time customized, institutionally 
constructed equipnent was primarily used as no FDA approved, carmercially 
manufactured equipnent was available. Clinic personnel were usually 
drafted from existing hospital staff. These people came from a variety of 
backgrounds, but primarily consisted of either nursing or radio-therapy. 
No formal training was available; previous training in related medical 
fields was utilized, and under the direction of the attending physician, 
experience was gained through on the job training. By the early 1980's, 
the number of institutions using local hyperthermia continued to grow. 
Several commercial companies received FDA Investigational Device 
Exemptions and began to manufacture and market superficial hyperthermia 
equipnent. Initially, training for operation of this equipnent was very 
limited. As the need developed, manufacturers began offering week-long 
training programs, and user conferences to upgrade training to the most 
current levels. Numerous institutions, after gaining clinical experience, 
began offering workshops and training seminars; certificates of graduation 
were awarded upon carpletion of the course. National and international 
organizations were formed to provide hyperthermia personnel with a forum 
for training and discussion in the developnent of the field of 
hyperthermia. The International Clinical Hyperthermia Society was formed 
in 1980; the North America Hyperthermia Group was formed in 1981, and the 
American Society for Clinical Hyperthermic Oncology in 1984. Gommittees 
in existing oncology societies were also formed to investigate 
hyperthermia and the training of pararredical personnel; the American 
Society for Therapeutic Radiation Oncology, The American Association of 
Physicist in Medicine and the American Society of Radiologic Technologists 
formed such committees. 
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In exploring the role of paramedicals in hyperthennia past and 
present, not much has changed. Upon adopting hyperthermia as a 
therapeutic modality, institutions usually utilized existing staff to 
assist in the hyperthermia clinic. The majority of programs were under 
the auspices of the Radiation Oncology Department, however some were 
located in either surgical or medical oncology. R.N.'s, R.T.'s, 
physicists, etc. were enlisted to learn hyperthermia equipment, 
procedures, and therapy. These paramedicals took on the enonrous task of 
learning foreign equipment with very little instruction, learning the asis 
of hyperthermia and the application of treatment, learning, with the 
physician and the physicist, the implantation of catheters for thermometry 
and interstitial antennae. One had to become farnililar enough with the 
equipment to troubleshoot problems and many times makect repair via 
telephone instructions fram the manufacturer. Pursuing an understanding 
of the physical and biological aspects of hyperthermia was paramount along 
with a working understanding of such foreign concepts as E. fields, 
S.A.R. 's and time versus temperature curves. In addition to the technical 
and medical aspects of hyperthermia, paramedical personnel many times were 
responsible for establishing the administration of the hyperthermia 
clinic; policy and procedures, treatment records, patient files, charging 
procedures, quality assurance, data collection, etc. Many employees in 
new hyperthermia clinics experienced early "burn out" and left the field. 
In 1984 a report was published by Dr. Kenneth Luk, et. al., supported by a 
contract from the National Center for Devices and Radiological Health, 
Food and Drug Administration, Public Health Services. In this 
report, four hospitals using hyperthermia were selected; nine people 
working in hyperthermia were interviewed. These people came fram a 
variety of backgrounds; nursing: Radiation Therapy: Medical Physics: and 
Medical Laboratory. This report was published over 5 years ago, so I 
won't outline it's results in detail. But I would like to point out a few 
key responses that are still applicable today. Regarding orientation to 
hyperthermia equipment, 44 percent of the respondents rated their 
orientation as inadequate, over half of the respondents related a high 
stress level associated with their job, and most respondents felt they 
were underpaid. In comments regarding stress, prejudice towards 
hyperthermia was cited, along with the responsibility of making decisions 
regarding treatment. One example given was making the decision to stop 
treatment as a result of patient intolerance. Also working in a small 
setting absent of co-workers was ci ted as a stress factor. Wi thin the 
past year, the American Society of Radiologic Technologists developed a 
task force to investigate training and certification in hyperthermia. A 
number of questionnaires were sent out to various institutions. All the 
resul ts are not in; however, Ms. Pam Scott, chairperson for the task 
force, agreed to share some of the early responses. Approximately 95 
percent lof respondents are R.T.T.'s. Approximately 50 percent felt they 
did not receive adequate training. People expressed the need for clinical 
training. A majority of respondents work less than 20 hours a week in 
hyperthermia. What is being reinforced here from earlier statements is: 
paramedicals in hyperthermia come fram a variety of backgrounds, 
adequate training is limited, and formal training is needed. 

In 1985, the International Clinical Hyperthermia Society formed a 
committee to investigate the training and certification of hyperthermia 
personnel; I was appointed chairman of that committee. Since that time, I 
have pursued input fram organizations, manufacturers, and individuals. 
Repeatedly I have been unable to get people to respond to requests for 
input, recommendations or suggestions. Ms. Scott relates similiar 
difficulties with their questionnaire. I do not feel this reflects apathy 
as much as the situation where those in hyperthermia do not have time to 
contribute. Most clinics are small and a majority of the duties are the 
responsibility of the paramendical staff. I would like to take this 

246 



opportunity to ask physicians and hospital administrators to encourage and 
support their hyperthermia staff to take an active role in hyperthermia 
society rreetings, \\Qrkshops, and manufacturer user conferences. Not only 
are they exposed to the most current events in hyperthermia, but they are 
also encouraged to share their experiences with their peers and 
contribute to the group information that can help everyone perform optimum 
hyperthermia treatments. 

Hyperthermia has proven itself as an effective modality in the 
treatrrent of cancer, whether used alone or in combination with other 
modalities. It is a form of treatment with a bright future full of growth 
and expansion. The time has come for us in hyperthermia to move forward. 
It is time to strive for therapeutic and scientific excellence, to 
establish and to pursue formal training programs that will certify both 
physician and paramedical staff, and to achieve acceptance in the rredical 
carmunity as a safe, effective, scientifically based modality of 
treatrrent. 

When originally asked to present this paper, it was supposed to be 
regarding nursing procedures in hyperthermia. Throughout this 
presentation, I have referred to paramedicals rather than nurses, and have 
demonstrated in various examples of backgrounds why. I do not feel it 
should be a requirement for \\Qrking in hyperthermia to be a registered 
nurse, or a certified radiotechnologist. Even though backgrounds in 
nursing and radiotherapy \\QuId be extremely advantagous, it should not be 
a limiting factor. Many unlicensed people with a great deal to offer can 
function very effectively in hyperthermia upon completing training courses 
that will be discussed later. In the final phase of my presentation, I 
would like to discuss the role of paramedicals in hyperthermia in the 
future. 

First, I \\QuId like to address the ongoing question of what is the 
appropriate job title for paramedical personnel. Although many 
institutions have job titles representing previous degrees, I believe a 
seperate and formal job title should be adopted. The most frequently used 
are technician, technologist, and clinical specialist. I have always 
disliked the title technician; it is an inaccurate description of the job, 
and is a title that is quite overused. For example, nursing aides at our 
institution are called patient care technicians, file clerks are called 
rredical records technicians, and cafeteria employees are called food 
service technicians. It is pretty much the same situation with 
technologist. According to Webster's Seventh Collegiate Dictionary, a 
technologist is "involved in technical processes that increase 
productivity of machines and eliminates manual operations or operations 
done by older machines." Neither of these titles accurately describe the 
job. I have long been an advocate of the title hyperthermia therapist. 
As in many Iredical disciplines, ( i. e. physical therapy, occupational 
therapy, respiratory therapy, speech therapy) one is trained and certified 
in their respective fields and is titled therapist. Back to Webster's, "a 
therapist is one specializing in therapy, especially a person trained in 
methods of treatment and rehabilitation other than the use of drugs or 
surgery". The physician, who is the clinical specialist, writes the order 
for treatment; the therapist carries out that order. The therapist is 
involved in discussing with the physician the type of treatment indicated, 
the type of applicators to be used, positioning of the patient, etc. The 
physician relies on the therapist because of their expertise in delivering 
safe, effective, and canfortable treatment. In many institutions, there 
is always a physician present in the hyperthermia treatment area. In 
equally as many institutions, the physician is not always present. The 
therapist is responsible, on a daily basis, to make many decisions 
regarding treatment within the paramenters dictated by the physician's 
order. The therapist may suggest to the physician rredications 
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that the patient may require, based upon their observations of the 
patient. The therapist usually does the initial papen.ork and consent 
forms for treat.rrent. The therapist usually does the daily set up and 
application for treat.rrent. The therapist is usually responsible for 
progranming treat.rrent pararreters and maintaining the hyperthennia 
equipment during treat.rrent. The therapist is usually responsible for 
monitoring the patient during treat.rrent, doing vital signs when indicated, 
constantly insuring the patient maintains correct position, constant 
monitoring of therrcometry, and being constant! y available to respond to 
irrmediate patient needs. It is usually the therapist who coaxes the 
patient to tolerate the longest possible treatment at the highest possible 
power levels. It is the therapist who takes down the treatment set up and 
helps the patient prepare for the next scheduled treatment. It is the 
therapist who works with nursing staff in coordinating medications and 
chemotherapy. Quite often, the therapist is called upon by the patient 
for advice in nutrition, activity, medication, and even social and 
personal conflicts. 

Secondly, training and certification of hyperthennia therapists needs 
to be addressed. In setting up any type of training program, several 
things need to be considered. I do not feel at this point and time, that 
it is reasonable to require someone to attend a year long training program 
at a college or junior college. However, I feel a variety of courses can 
be required; the applicant pursuing them as they can. Previously degreed 
people would probably already have most of the required credits. Also, 
there is the practice of "grandfathering certificates" to those who have 
previous experience in hyperthennia. I feel this is reasonable as long as 
those people meet certain requirements. These requirements include a 
certifying letter from the attending physician that this person is capable 
and qualified to perform hyperthennia, and meeting the basic college 
credit requirements. 

There have been many suggestions as to what should be required in the 
training program. I feel these are all valid suggestions. They include: 
medical tenninology, biology and oncologic biology, anatomy and 
physiology, clinical oncology, clinical patient care, basic physics of 
heat, basic pharmacology including chemotherapy, theory of 
electromagnetics, basic carputer science, and a course in hyperthennia 
incl uding the basis of hyperthennia, the:rmometry, equipment, and various 
treatment types. I also feel internships should be required upon 
completion of the required courses. There are now a variety of 
institutions around the u.S and Europe with quality experience in 
hyperthermia. A number of these institutions should be designated for 
internships in hyperthermia. In addition, all hyperthermia therapists 
should be required to join at least. one existing hyperthermia society, and 
to attend at least one meeting a year to keep current on hyperthermia 
related matters. 

Another question remains as what governing body should certify 
hyperthermia therapists. As mentioned earlier, there are a number of 
groups with an interest in the role of the hyperthennia therapist. I have 
serious doubts if these groups will ever come to an agreement on what 
should be required in the training and functions of the therapist. For 
this reason, I suggest the International Clinical Hyperthennia Society 
take the ini tiati ve and accept this responsibility. Guidelines, whether 
it be the afore mentioned, or additional ones, should be set up. Upon 
satisfactory completion of these requirements, the society should issue 
the applicant a certificate indicating the applicant has carpleted 
training requirements and meets the societies' criteria for perfonning 
safe and effective hyperthermia therapy. I feel it is irrelevant whether 
other hyperthermia groups recognize this certification. It will 
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demonstrate to the scientific community and medical governing boards that 
the society and the hospitals using hyperthermia are striving to offer 
the highest level of safe, effective, quality therapy. 

What will the role of the hyperthermia therapist be in the 1990's? 
As I mentioned earlier, this field has a wide potential for growth. The 
certified hyperthermia therapist will playa greater role in the planning 
of treatment and assisting the physician in setting up treatment 
guidelines. The therapist will continue in the field of administration of 
the hyperthermia clinic, taking full responsibility in daily scheduling of 
patients, maintenance of patient files, ordering and maintaining stock 
supplies, processing patient charges, taking part in preventative 
maintenance of equipment and documentation thereof, organizing clinic 
budgets, and working with other ancillary departments involved with 
hyperthermia; namely nursing sevice, pharmacy, housekeeping, diet service, 
hospital administration and quality assurance. In the clinic setting, the 
hyperthermia therapist will be responsible for administering I.M. and P.O. 
medications in accordance with individual hospital policy. They will be 
qualified to monitor chemotherapies administered during treatment. Under 
the direction of the physician, they will be responsible for ordering 
routine x-rays and blood testing. They will play an increasing role in 
assisting the physician in the clinic and removing him from routine 
duties; i.e. prepping catheter sites, urinary catheter insertion, dressing 
changes, inserting butterfly intravenous catheters, and injecting local 
anesthetics. In many cases I predict the physician will be able to train 
the certified hyperthermia therapist for thermometry catheter insertion 
intc superficial tumors. 
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PROCEDURES FOR IMPROVING THERAPEUTIC GAIN 

S. Osinsky, L. Bubnovskaja, A. Gusev 

R.E. Kavetsky Institute for Oncology Problems 
252022, 45, Vasilkovskaja Str., Kiev-022,USSR 

A number of studies (Bhuyan et al., 1977; Freeman et 
al., 1980; Kim et al., 1980; Haveman, Hahn, 1981) have 
determined that the best conditions to realize a maximum 
antitumor hyperthermia (HT) effect are the following: low 
pH, hypoxia, slow blood flow, deficiency of nutrients and 
energy and increase in cell numbers in the S-phase of a cell 
cycle. It was shown that tumor tissue pH is selectively 
decreased under induced hyperglycemia (IHG) (see the reviews 
by Wike-Hooley et al., 1984; Zavrid et al., 1987). 
According to this phenomenon von Ardenne (1966, 1972) has 
suggested the use of IHG for enhancement of 
thermosensitivity. 

Haveman and Hahn (1981) have studied the potential 
effect of "glucose deficiency" on cells damaged by HT. They 
paid special attention to the deficiency of energy under 
this condition. They believe that availability of energy 
plays an important role not only for greater cell damage 
under HT but also for better tumor thermosensitivity in 
comparison with the normal tissue. 

The above mentioned data is contradictory for use of 
IHG for enhancement of HT efficacy. Some authors refer to 
the paoer of Dickson, Calderwood (1979), who did not obtain 
considerable enhancement of thermosensitivity of Yoshida 
sarcoma after intraperitoneal glucose injection when tumor 
pH dropped by 7.2 to 6.6. Those who support or who oppose 
the use of the combination of IHG and HT have not 
investigated whether the combined treatment is advisable. 

After taking into account the high selectivity of 
decreasing pH in tumor and it's possible role in enhancement 
of HT efficacy, we performed a series of experiments in 
attempt to elucidate this disputable problem. The most 
important data is given below. 

In the beginning we optimized the schedule of IHG. 
Previous studies used long-term infusion (up to 24 hr.) of 
glucose solution. Within 60-90 min. following the glucose 
infusion tumor pH decreased significantly and then remained 
stable. Further administration of glucose did not change 
the tumor level. Explanation of this phenomenon are the 

Consensus on Hyperthermia jor the 1990s 
Edited by H. I. Bicher et 0/. 
Plenum Press, New York, 1990 
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following: inhibition of glycolysi~ under low pH, 
overloading of substrate (glucose) and deficiency of 
cofactors and activators, decreasing of tumor blood flow 
rate that produces glucose supply in a diminished quantity. 

With this in mind, some questions appeared: 
term glucose infusion advisable? What is 

Is a long
an optimal 

hyperglycemic schedule? 

Long-term glucose infusion may result in a considerable 
increase in glycemia level, showing various disorders of the 
organism to reach homeostasis. To avoid this phenomena, it 
was suggested that a glucose solution with a varying 
infusion rate occur with the aim of keeping a glycemia level 
of 25-27 mmol/1. This level is optimal for a tumor 
acidification (Ardenne von, 1972). There are difficulties 
in maintaining the glycemia level for a long-term period. 
Even with an optimum solution there is no guarantee in 
obtaining a necessary tumor pH and no insurance against 
dramatic rises of glycemia level. 

In our experiments bearing the Brown-Pearce and Guerin 
carcinoma utilizing normal rabbits and rats and animals, 
glycemic level's oscillations were significant: l 25 mmo1/1 
(at the assigned one of 27.75 mmol1/1) Under the glucose 
infusion with variable rate. Use of balanced algorithm of 
the glycemia level control that was developed by V.M. 
Glushkov Institute for Cybernetics with our collaboration, 
provided a glycemia value of 25 ± 2.2 mmo1/1 during 4-6 
hours only. Our experiments were not always successful. A 
number of cases were without significant tumor 
acidification. 

Determination of some glucose metabolism indices after 
the different IHG schedules in rats bearing the mammary 
gland carcinoma RMK-1 and Guerin carcinoma provided the 
following results: at the 180-240th min. of glucose 
infusion a glycemia increases to 34 ± 7 mmo1/1, lactatemia + 
6.5r1 mmo1/1, hexokinase activity of tumor and liver cells 
decreases by a factor of 2-3, liver glycogen content 
increases by a factor of 1.5 while tumor content does not 
change, tumor lactate content increases by a factor of 2-3 
while liver and muscle content was unchanged practically. 
Lactatemia level is appreciably increasing after the 180th 
min. of glucose infusion while the tumor lactate content 
does not increase. After 24 hours following the IHG 
schedule: 120 min. glucose infusion at a rate of 80 mg/kg 
per min,-tumor lactate content still enhanced (initial value 
is 31. 7 ± 1.4 mmo1/g, at the 120th min of infusion-79. 1 ± 
7.75, in 24 hours-69.2 ± 17.9, p(0,05), only in 48 hours 
it's content returned to initial level (29.9 ± 0.1). 
Insuitability of use of long-term glucose infusion (6, 12, 
18 or 24 hours) and appropriateness of it's repetition in 48 
hour or 72 hour were showed of above mentioned data. 

Some authors have achieved a decrease in tumor 
a 40% glucose solution. Our investigations showed 
values were almost the same in either a 20% or 40% 
solution was administered, although differences 
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dynamics of tumor acidification were observed. When a 40% 
glucose solution was infused, the time required for pH 
stabilization to begin was halved and the rate of decrease 
of the pH was slightly increased. Moveover, in contrast to 
a 20% solution, the 40T glucose solution induced more 
osmotic effects and more lactatemia. During a 180 min. 
infusion of the 20% solution the average diuresis was 4.4 ~ 
1.1 ml, whereas with a 40% solution it was 8.2 ! 0.9 ml with 
a consequently greater loss of antitumor drugs, salts and 
water. 

Blood insulin content was evaluated under i.v. infusion 
of 20% glucose solution in rats Guerin carcinoma. It was 
observed that insulin content increased almost 2-fold at 60-
120th min. of glucose infusion indicating the physiological 
reaction of pancreas. Insulin level was decreasing to it's 
initial value in 1 hour after cessation of the 120th min. 
infusion and in 1.5-2 hours after the 240th min. one. 

On the basis of the above mentioned data we have 
proposed the schedule of IHG as follows: a 20% glucose 
solution was infused i.v. at a rate of 60-80 mg/kg per min. 
for 1.5-2 hr. 

It was observed that pH of some experimental tumors 
decreased significantly and selectively under this IHG 
schedule (Table l)n The pH measurements were performed 
using the specially developed tissue pH microelectrode (M. 
Sidorenko, our institute). Corning-glass pH electrode with 

.25-0.4 mm diameter has a sensitive section 4-10 mm long. 
The sensitivity of electrode is 55-60 mV/pH at 37 degrees C, 
drift it's indications in the buffer up to 0.005 pH/hr. 

The degree of acidification appeared to be more 
pronounced in the carcinoma than in the sarcoma. Tumor pH 
decreased significantly within 60-90 min. of glucose 
infusion and then remained stable. Further administration 
of glucose did not change the tumor pH level. Infusions 
both of saline or 20% mannitol solution did not change the 
tumor pH. 

It is interesting to note that the pH drops rather 
rapidly during the initial period of infusion; in most cases 
the pH started to drop at the 3rd to 5th min. of glucose 
administration. When the infusion was complete (120 min.), 
the pH value remained at the ~ame level for 4-5 hr., then 
started to rise, and at the 24th hour after cessation of 
glucose infusion it remained stable at around 5,95 ± 0.3. 

In tumors 
significantly (in 
increase in 1-1.5 
and in 24 hours it 

in which pH was not decreasing as 
average to 6.2), the pH started to 

hours after cessation of glucose infusion 
was almost normal. 

After the i.p. 40% glucose solution injections at a 
dose of 7.2 g/kg, pH, Guerin carcinoma decreased quite 
rapidly and resulted in such low values as may be seen under 
i.v. schedule. However, the follow dynamic of pH was 
something different. If the average initial pH was 6.6 
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(6.37-6.74) in 35-40 min. after of i .p. glucose injection-
5.~5 (5.1-5.90), in 1 hr-5.70 (5.54-5.89), in 2 hr-5.94 
(5.75-6.03) in 3 hr-6.25 (6.08-6.45), in 24 hr-6.47 (6.25-
6.68), (see Figure 1) 

Table 1. pH in tumors and in some normal tissues under IHG 

Tissue Initial pH Tenninal pH 

Rat: 
Guerin carcinana 6.73- 0.05 5.51 - 0.08 

Pliss lymphosarcoma 6.68 - 0.08 5.66 - 0.27 

Yoshida sarcoma * 7.07 - 0.15 6.24 - 0.12 

DS-carcinosarcoma * 7.02 - 0.14 6.08 - 0.22 

7 ,12 DMBA Mamnary Ca. 6.70 - 0.08 6.10 - 0.09 

glY:Jblastana 6.73 - 0.20 5.92 - 0.24 (strain 101.8) 

muscle 7.35 - 0.40 7.33 - 0.60 

brain 7.20 - 0.10 7.25 - 0.17 

m:mse 
sarcana 180 6.79 - 0.90 6.38 - 0.13 

* With collaboration of Dr. P .G. Reitnauer (Dresden, GDR) 

IHG schedule that was developed by Yarmonenko (1981) 
may prevent such rapid pH increase. By means of this method 
we have obtained the following results: Guerin carcinoma pH 
decreased below 6.0 and it remained unchanged for about 3-4 
hours and then started to increase. In general, the 
acidification value was not as low as under i.v. glucose 
infusion. 

The mentioned data about tumor acidification at the 
different IHG sChedules pointed out that i.v. glucose 
infusion has preference wit~ comparison to i.p. ones. This 
data supports the opinion of Vaupel, Okunieff (1988) 
concerning the table use of the i .p. glucose injections for 
studying the IHG effects. 
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It is known that blood flow rate in a tumor is very 
important for successful heating. We determined a blood 
flow rate in Guerin carcinoma by means of the hydrogen 
clearance method. 

It was determined that the blood flow rate was 
increasing at the initial stage of glucose infusion by 152%, 
then it decreased (in some experiments up to the zero 
values). The scattering in values of blood flow rate in a 
tumor may be explained by tumor heterogeneity and it's 
vascular network. We divided a tumor into several groups: 
1st-a marked blood flow increase and lack of it's decrease 
(or unsignificant presence) below the initial level; 2nd
moderate blood flow and it's considerable subsequent 
decrease (down to the zero value); 3rd-absence of a blood 
flow increase in a registration zone and relatively rapid 
(at 40-80 th min) it's complete blocking, (see Figure 2). 

In a two-way analysis of variance, we carried out, it 
accurately showed that the observed dynamics in a tumor 
depends upon the initial reaction of a tumor's vascular 
network on glucose. If at the IHG initiation a blood flow 
rate in a tumor is increasing, later, at the 240th min. it 
is decreasing very slowly. If at the IHG initiation a blood 
flow rate increase is unsignificant or absent, at the 200-
240th min. it practically ceases. The latter may be 
explained by the fact that under a poor blood flow in tumor 
lactate is accumulating. It may enhance blood flow 
ihibition according to Ardenne's data (1978). 

Increase in viscosity of blood by the alteration in 
physical and chemical properties of erythrocytes and 
trombocytes under glucose influence at high concentration is 
one of the blood flow inhibition mechanisms (Calderwood, 
Dickson, 1980). Rise in osmotic pressure during glucose 
infusion in the tumor results in osmotic diuresis and 
intratissue hypotension is also considered (Urano, Kim, 
1983). Calderwood, Dickson (1980) believe that the primary 
IHG effect on a tumor is blood flow inhibition which results 
in lactate accumulation in the tumor tissue and pH decrease. 
Confirming their view, the authors present their own data 
that firming their view, the authors present their own data 
that blood flow in a tumor is decreasing high rapidly both 
after i.p. glucose injection and after i.v. infusion. Tumor 
pH decreases less rapidly and reaches it's minimum in the 3-
4th hour. 

This concept appears to be too categorical of primary 
significance in the IHG effect on a tumor pH decreases and 
blood flow inhibition accelerates a pH decreases and 
enhances a glucose acidification. 

In our 
method. In 
min. after 
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tumors of the 3rd group, the pH started to decrease within 
5-7 min. which was much more rapid than in the tumors of the 
1st group. It appears that a primary link in a tumor pH 
decrease during IHG is because tumor tissue glycolysis and 
the activity of it's key enzymes. Glucose infusion results 
in formation of a large amount of lactate and the pH 
decrease under high glycolysis activity. As a blood flow 
inhibition starts it promotes a lactate accumulation in the 
tumor and the pH decreases further. Complete blood flow 
inhibition is a major reason for the fact that in many 
tumors in the 24 hours after glucose infusion a pH remains 
below it's initial value. 

Tumor acidification under IHG depends on the blood 
flow. Evidence shows that under IHG the blood flow is 
inhibited only in a tumor itself. However the normal 
tissues remain practically unchanged. In DS-carcinosarcoma 
in rats, initial blood flow rates were as follows:-0.815 ~ 
0.085 (rel. U), at the 180th min. of glucose infusion-0.13 
i 0.09. In the muscle this index was the following: 
initial -2.25 ± 0.31; at 180th min.-2.43 ± 0.47. 

Increase in tumor hypoxia while inhibiting blood flow 
was expected. Confirmation with rats bearing the Guerin 
carcinoma occurred. PO~ values were determined by the 
polarography method. 

In 35% of the tumors during the initial period of 
glucose infusion the pO~ increased by 20-25% (at an average 
by the 45th min.). At the 110th min. (35-120) of infusion 
the pO~ values in both tumors where the initial increase of 
pO~ was not observed has been decreasing by 50-75% from the 
initial. In some cases zero values were obtained. 

By correlation analysis a considerable heterogeneity of 
tumor tissue was found: there are zones in which the pO~ is 
significantly dependent on a blood flow and zones where the 
pO~shows a definite independence. It's interesting to note 
that in muscle the unconsiderable pO~ increase in 15-25 min. 
after IHG initiation. Further pO~ reverted to the initial 
level and remained stable. 

The pO~ value decrease in a tumor tissue under IHG is 
caused by the lower oxygen supply in a tumor due to blood 
flow inhibition and lowering a dissolved oxygen 
concentration in a tumor. Increase of hypoxia in a tumor 
under IHG confirmed a great advisability of tumor radiation 
before a hyperglycemia (Yarmonenko et al., 1981) and a need 
of hyperthermia application immediately after glucose 
infusion. 

In 1973 Ardenne von has suggested that the 
hyperglycemia may cause the effect of tumor cells 
synchronization. We had shown that number of the tumor 
cells in G~ -phase was increasing 4-fold and in S-phase 
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almost 2-fold under our IHG schedule. Moreover, our results 
indicated a considerable delay in the G~ to M, and an 
activation in G, to S and in the Go to S transition under 
these conditions. On that basis we have suggested the 
stimulation effect of IHG on transition the tumor resting 
cells into proliferation compartment. This was confirmed by 
the evaluation of a growth fraction: control-55,8% after 
60-min glucose infusion-82.6% after 90-min. one-95.6%. 

It should be pointed out on the results of our 
experiments with mannitol, that it is not metabolized by the 
cells. At the same time it was shown that the osmotic 
effect of 20% mannitol solution was similar to 20% glucose 
solution. But the modification of tumor cell cycle was 
absent under infusion of mannitol. With this knowledge, we 
have supposed that IHG modifies the tumor cell kinetic due 
to acidification, improved nutrition and other changes in 
the microenvironment of tumor cells. 

It is important to note that neither mitotic activity 
nor proliferative activity of small intestine cells and bone 
marrow cells were changed under IHG, whereas the labeled 
index of the promyelocytes and myelocytes was increasing 
unsignificantly (by 4.5%). 

We have also observed that IHG did not 
labeled index of the liver cells either under 
situation or after a hepatectomy. 

change the 
the normal 

The obtained results demonstrated that glucose 
synchronized the tumor cells selectively, increasing the 
cell numbers in G~-and S-phase of a cell cycle. 

Thus, it was evaluated that under IHG the tumor pH and 
pO~ values are decreasing selectively, a blood flow in 
inhibited and the cell numbers in S-phase is increasing two
fold. All the above mentioned alterations are favorable for 
the enhancement of the tumor cells thermosensitivity; and 
support the idea about the use of IHG for enhancement of the 
HT effect, (see Table 2) 

Some authors oppose this suggestion reasoning that the 
data about the increase of the tumor glucose content and 
energy level under IHG, protects the cells against heating 
(Calderwood, Dickson, 1980; Haveman, Hahn, 1981; Henle et 
at., a984). Response to the accuracy of the given 
discussion could be proved conclusively by experiments 
studying IHG influence on an antitumor hyperthermia effect. 

Guerin carcinoma and Pliss lymphosarcoma were treated 
by means of "Luch-2" machine (2450 MHz). The heating was 
given immediately after the IHG and maintained for 1 hour. 
The tumor temperature was 41 ~ 0.05 degrees C or 43 ~ 0.05 
degrees C. The thermometry was performed by means of 
perturbing copper-constantan thermocouples inserted into the 
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tumor perpendicular to the electrical field. 
subcutaneous tumors in size 1.5-2.0 cm 
therapeutic experiments. 

Rats bearing 
were used for 

It was observed that time doubling (TD) of Guerin 
carcinoma was: control-2.5 ± 0.3 days; 41 degrees C-60 
min.-2.6 t 0.3; 43 degrees C-60 min.-4.0 + 0.6; IHG + HT 41 
degrees C-5.6 i 0.7; IHG + HT (43 degrees C)-7.6 ± 0.2 (p 
e 0.05). TD of P1iss lymphosarcoma was: contro1-1.9 ~ 0.4 
days; 43 degrees C-60 min.-4.3 ± 0.8; IHG + HT (43 degrees 
C)-5.75 ~ 0.1 (p e 0.05). It should be noted that HT 
carrying out at 41 degrees C (60 min.) after IHG, provided 
obtaining TD for the Guerin cardinoma by 1.6 days more in 
comparison with HT at the regime of 43 degrees C (60 min.) 
(See Figure 3). 

The obtained results clearly demonstrate the 
enhancement HT antitumor effect under IHG, which conforms 
with the results of Urano, Kim (1983); and contradicts the 
data of Dickson, Calderwood (1979) and Shah et a1. (1983). 
To exo1ain this situation we indicated the considerable 
difference between our experiment and those of Dickson, 
Calderwood (1979) and Shah et a1. (1983) by the two indices, 
i.e.: pH value and glucose content in a tumor tissue (see 
Table 3). In our study tumor pH was significantly lower 
than that in the studies 'of these authors. This fact is 
very important because enhancement of the cytotoxic HT 
effect under low pH was demonstrated (Kim et al., 1980). 

The opponents of an IHG + HT combination consider 
glucose to be a peculiar "protector" for the tumor cells 
against heating. The studies where the tumor cells have 
been incubating with glucose at different concentrations, 
and were HT treated, confirmed the cited suggestion (Kim et 
a1., 1980). But our schedule indicates that glucose does 
not accumulate in such amounts that it significantly 
decreases HT cytotoxic effect. In the studies of the above 
mentioned authors, glucose content in a tumor varied from 5 
up to 20 mm01/1. In a study of Henle et a1. (1984) titled 
"Protection Against Thermal Cell Death in Chinese Hamster 
Ovary Cells by Glucose, Galactose or Mannose", it's 
concentration was 100-300 mmo1/1. In our studies, a glucose 
content in tumor under IHG was from 0.5 up to 3.5 mmo1/1. 
Glucose in such amounts does not prevent cytoxic heating 
effect (Kim et a1., 1980). It should be mentioned that 
Hahn's view (1974), was that glucose in general plays no 
role in the tumor's thermosensitivity. 

It is probable, also, that the glycemia level has no 
direct significance in the realization of HT antitumor 
effect, as with almost the same levels in our studies, and 
the ones of Dickson, Calderwood (1979), Shah et al. (1983) 
opposite results were obtained. Unfortunately, in the study 
of Urano, Kim (1983) the glycemia level, tumor pH, and tumor 
glucose content data were absent. 

Shah et a1. (1983), explaining absence of enhancement 
of the HT effect under the IHG, point out that glucose, 
retarding tumor blood flow may prevent formation of the 
immunological relationships in host-tumor. But can one 
seriously think about a considerable immunomodu1ating effect 
of a blood flow inhibition under the IHG? 
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It also has been indicated on appearance of metastases 
and intensification of metastases growth under a combination 
of IHG + HT (Shah et al., 1983) the authors consider that 
the tumor blood flow rate would rise under 120 min. HT; and 
tumor cells might interfere with blood circulation. Such an 
explanation may be quite acceptable for the experiments 
presented in papers mentioned above. But under our IHG 
schedule, blood flow remains inhibited for 24 hours; this 
may prevent the process of interference of tumor cells. The 
data of Shah et al. (1983) in general are difficult to 
explain, as in the other studies under the i.p. glucose 
injections, the intensification of metastasizing process was 
not observed (Zavrid et al., 1986; Istomin, Furmanchuk, 
1988; ando et al., 1987). Probably, the biological 
peculiarities of the different tumors should be considered; 
specifically: activity of their glycolysis and the blood 
vessels reactivity which is of primary significance in 
formation of tumor response to IHG. Low pH and inhibited 
blood flow are the major manifestations of the IHG effect on 
a tumor, promoting the successful realization of the HT 
anti-tumor effect. 

There is however, data (Hahn, 1984) reporting that 
thermosensitivity oT some cells decrease in the long-term 
incubation under low pH. But under a drastic and sharp pH 
decrease which, incidentally, occurs under IHG, the cells 
sensitivity to pH is enhanced. 

In some studies a direct correlation between an 
increase of cell energy charge and enhancement of their 
thermo-resistance was observed (Haveman, Hahn, 1981; 
Gerweck, 1985). However, an energy charge ~f tumor tissue 
under our IHG schedule did not practically increase (see 
Table 2). It indicates that energy level in tumors under 
IHG, cannot change thermosensitivity. 

The findings that glucose at a concentration of 1-5 mM 
does not decrease HT antitumor effect was confirmed by 
experiments with the L 1210 leukemia cells. The cells were 
incubating in 199 medium (4"10 6 cells in 1 ml of medium), 
with the different glucose concentrations and heating at 43 
degrees C for 30, 60 and 90 min. After heating the cell~ 
have been i.p. inoculated into the F. recipients (1· 1~ 
cells/mouse). It was shown that glucose even at a 
concentration of 10 mM results in the enhancement of HT 
cytotoxic effect. Survival time of the recipients, after 
inoculation of the cells heated with glucose, was' enhanced 
significantly (see Figure 4). 

Efficacy of thermochemotherapy was also enhanced IHG. 
The rats with Guerin carcinoma were treated: with IHG (our 
schedule) immediately followed by HT (43 degrees C, 60 
min.). Thiophosphamide was given i.p. at a dose of 2 mg/kg 
at the 60th min. of glucose infusion. The dose of drug was 
3 mg/kg in rats that were not treated with combined method. 
Treatments were repeated 2 times with a 2 day interval. TO 
of tumor increased two-fold when thermotherapy with drug was 
used after the IHG (see Table 4). 

The data of the different authors and our own, clearly 
indicated that low tumor pH enhances a cytotoxic 
hyperthermia effect considerably. From these results, it is 
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suggested that the extremely low tumor pH may provide the 
more higher thermosensitizing effect. The mechanism for the 
regulation of internal pH in cells, however, prevent them 
from achieving maximal acidification. A greatly important 
regulating system is Na+/H+ exchange in plasma membranes. 
Activation of this mechanism due to the lowering of 
intracellular pH results in the increase in intracellular 
pH. Hence, the use of an inhibitor for Na+/H+ exchange 
system must prevent cell alkalyzation and intensify heating 
effect. Several authors have already reported the 
thermosensitizing effect of the diuretic drug, amiloride, 
inhibiting the Na+/H+ exchange activity (mijakoski et al., 
1986; Ruifrok, Konings, 1987; Kim et al., 1988). No animals 
bearing the experimental tumors were used in these studies, 
however. 

In our experiments we used rats bearing Guerin 
carcinoma, and the diuretic drug, triampur, containing 
triamteren, inhibiting the Na+/H+ antiport system (Macfie et 
al., 1981). Triampur was injected i.p. at a dose of 11.2 
mg/kg body weight during i.v. glucose infusion, or· after 
i.p. injection, when tumor pH remained stable or started to 
rise. It was shown that under these conditions, tumor pH 
appeared not to increase during 4-5 hours (see Figure 5). 
Under different IHG schedules we have not observed such 
dynamics of tumor acidification. The obtained results 
indicated the ability of triampur to amplify the process of 
tumor acidification, and encouraged the use of this 
inhibitor of Na+H+ anti port system for enhancement of HT 
effect. Table 5 shows the influence of HT treatment (43 
degrees C, 60 min) on Guerin carcinoma when it was applied 
immediately after the combination of i.v. IHG + i.p. 
triampur. As can be seen, using this combined treatment 
resulted in an increased TO by a factor of 2. It must be 
noted that TO of tumors treated with IHG + HT (43 degrees C, 
60 min.) was similar to TO after treatment with IHG + 
triampur + HT (41 degrees C, 60 min.). The obtained data 
demonstrated the efficacy of·the Na+/H+ antiport system 
inhibitor in combination with IHG to enhance HT antitumor 
effect. We think that triampur and other drugs with similar 
effect on Na+/H+ exchange may be useful as a hyperthermic 
sensitizer in clinical cancer treatment. 

The results of our experiments and clinical work, 
convincingly showed the enhancement of HT effect due to 
modification of some biological indices of tumor tissue by 
means of IHG. It is very important to note that IHG effects 
(pH and pO drop, blood flow inhibition, cell cycle 
modification1 were observed in tumors only, not in normal 
tissues. Hence, the combination of HT + IHG gives us a 
unique method for selective treatment for the most tumors 
results to become a high therapeutic gain. 

266 



Table 4 

Thermochemotherapy Results Qf Rats Bearing 
Guerin Carcinoma 

Index 

Schedules Response (% ) Time Doubling 
of 

Complete Partial No Change Tumor Size 
Regression (days) 

drug (D) 17.0 17.4 65.6 4.4 +/- 0.4 

IHG 0.0 0.0 100.0 2.9 +/- 0.5 

HT 0.0 25.0 75.0 4.0 +/- 0.6 

IHG + D 50.5 37.5 12.0 7.8 +/- 0.6 

HT + D 45.0 10.0 45.0 5.8 +/- 0.5 

IHG + D + HT 75.0 25.0 0.0 12.3 +/- 0.9 

Table 5. Time doubling (TD) of guerin carcinoma treated with 
combination of HT, IHG and injection of triampur. 

Rat groups TD ( days ) 

controle 2.5 ± 0.3 
HT (41°C, 60 min) 2.6 ± 0.3 
HT (43" C, 60 min) 4.0 ± 0.6 
IHG + HT (41"C, 60 min) 5.7 :!: 0.5 
IHG + HT (43"C, 60 min) 7.6 ;t 0.2 
IHG + triampur + HT 

( 4 3" C, 6 0 min ) 7.8 1: 0.3 
IHG + triampur + HT 

( 43" C, 60 min ) 12.6 ± 0.6 
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THE BIOLOGICAL RESPONSES TO HEAT 
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The therapeutical application of heat, in any manner 
obtained(radiofrequency, microwave, ultrasound hyperthermia}, 
causes progressive physiopathologic modifications to the 
tumoral mass.These consist in structural damages sufficiently 
known(18}. The heating of a neoplastic mass usually brings 
about impairments of enzymatic cellular processes, wi th an 
increase of oxygen consumption, interesting anoxic or partially 
anoxic cells.These enzymatic impairments imbalance the normal 
homeostatic equilibrium, leading to cell death(SS}. The thermal 
washout mechanisms, which protect the normal cells, for certain 
temperature limits, are missing for the neoplastic cells placed 
in different environment.The nutritive supply to the tumor 
microenvironment largely depends on an inefficient and 
inelastic vascular system (8). The temperature 
increase, beyond an optimal shoulder, 42.SoC, creates higher 
oxygen consumption, increase of microsomal activity and of 
anaerobic glycolysis, leading to two different processes: 
(A}increased production of lactic acid with consequently pH 
decrease,(B}a drastic reduction of ATP formation. The reduced 
availability of energy, due to high temperatures,impairs the 
enzymatic repair system of tumor DNA molecules.Therefore there 
is a decrease of RNA and protein synthesis.AII these metabolic 
modifications, induce a physicochemical change of tumoral 
extracellular environment and microcirculation (52). The 
extracellular pH progressively decreases, wi th a secondary 
reduction of metabolic exchanges. Inside the tumor capillaries, 
the hematic viscosi ty increases. This is due to RBC 
stiffening,to an increased formation of fibrinogen gel and 
leucocytes-platelets adhesion, leading to intravascular 
coagulation(55}.The hyperthermia affects,also,the permeability 
of capillary endothelium, producing a peritissular oedema.This 
worsens the neoplastic metabolic activity.These circulatory 
changes, above all reduces the blood flow,already irregular and 
insufficient in the central zone of the tumor mass. The 
damages to the molecular structures of the nucleus,with 
progressive breakdown of the membrane activity, may carry to 
the cellular death. The target of hyperthermia is the central 
zone of the tumoral mass, which is spontaneously more or less 
hypoxic (6). These hypoxic zones are less sensitive to 
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radiotherapY,and to chemotherapy.Only 50me drugs are 
active(i.e Mitomycin-C, Adriamicin)and the different tumoral 
circulation determines the ability of the pharmacological 
agents to reach in vivo the cell,and the effectiveness of the 
treatment (23). Most of the current modalities in cancer 
treatment:surgerY,radiotherapY,chemotllerapy,immunotherapY,have 
had limited success in the treatment of solid tumors. 
Therefore,two or more of these modalities ,used in combination 
with hyperthermia may increase tumor response and host cure 
rate (See fig.l). The cellular target of radiotherapy and 
chemotherapy is radically different from that of 
hyperthermia,and the sequential use of their combination may 
carry to complete eradication of a tumor mass,as has been 
recently documented. Radiotherapy and chemotherapy,at the 
usual recommended doses,create a lot of undesired 
effects,which may limit their utilization.The association with 
hyperthermia,a treatment devoid of great side effects,can 
decrease the therapeutical doses of XRays and 
chemotherapy,determing a good response with less collateral 
consequences. An interesting utilization of hyperthermia 
would be the association with immunostimulant and 
immunomodulant therapie~3. This approach may be pdrticular· 
useful for older patients,where the use of chemo and Xrays are 
not possible at the recommended dose. Different studies,have 
shown that some metabolic modifications during hyperthermia 
mdY increase the sensitivity to heat,improving the tumor kill 
(10). These metabolic manipulations are not applied in a 
systematic way in humans. In our laboratory,we are studying 
doses and schedules to enhance this thermosensitivity (See 
fig. n.?). 

THE CENTRAL ROLE OF HYPOXIC CELL 

It has been recognized by oncologists for more than a quarter 
of century that hypoxic cells, pre~ent in most solid 
tumors,may be critical for the successtlll treatment of cancer. 
In particular hypoxic cells are resistant to:ionizing 
radiations,photodynamic therapy and large majority of 
chemotherapeutic drugs.However, recently it has been suggested 
that hypoxia may be a weapon which Cdn be used against the 
tumor (5) .It has been,indeed,demonstrated by many authors that 
hypoxic cells dre responsive to specific drugs and are very 
sensitive to heat treatment(?O).Hypoxia is generally due to 
the inadequacy of vasclliar beds supporting the tumor.The 
chronic or transient deficiency of blood flow,results in the 
development of chronic Ot· aCllte hypoxia. Chroni.c 
hypoxia(DIFFUSION LIMITED),is thought to develop because the 
proliferation of tumor cells is sufficiently rapid that the 
vasculature cannot develop at corresponding rate.Tumor cells 
close to microcapillary are fairly well oxygenated and when 
oxygen remains sufficient cell division occurs. However ,the 
oxygen tension decreases with distance from the capillary 
because of cell respiration and gradually falls to a level 
insufficient to S11stain cell division.Oxygen deprivatton is 
responsible for the area of necrosis which usually develops 
about l'SO--?OO}l m fr·om the neat·est blood vessels (35). Sol id 
tumors may also contain regions of transient hypoxia(PERFUSION 
LIMITED) ,cdused by temporary interruption of the blood flow 
through individual blood vessels within the tumor (44). 
Transient perfusional hypoxia can be caused by 
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hypotension,clotting, embolization, chemoembolization. 
Arterial ligation in the tumor area brings to stable 
perfusional hypoxia. Although the mechanism of hypoxia may be 
different,there is evidence that the resultant hypoxic cells 
at the interface region between the well oxygenated tissue and 
the necrotic areas, can remain potentially viable and 
clonogenically active for a considerable period(lS).Many 
cells,in this region,suffer from hypoxia,lack of nutrients, 
lack of cellular energy and relatively low intra and 
intercellular pH. Their energy metabolism is based on 
anaerobic glycolysis and their proliferation halted in GI-GO 
cycle phase.Chemotaxis of hypoxic cells towards better 
environments has been suggested by ROCKWELL, and recently 
confirmed (44).These cells resume active proliferation and 
cause a tumor relapse. One of the peculiar charactheristic of 
these cells, demonstrated using an histochemical reaction for 
LDH isoenzyme,and specific staining methods, is an 
accumulation of lipids of non homogeneous composition. It has 
been revealed a peripheral halo of neutral lipids,and a 
central core of unsatured lipids.The accumulation of lipids is 
supposed to be caused by activation of phospholipases,followed 
by hydrolysis of the mitochondrial membrane ,and accumulation 
of multi lamellar bodies,often containing damaged organelles. 
Such autophagic processes could provide a survival mechanism 
for hypoxic cells.The presence of colonies of hypoxic cells 
coming from the edge of necrosis towards blood vessels,and the 
existence of hypoxic cells inside,may suggest that these cells 
are the most prone to metastasis(15)(See fig.3,4).This agrees 
with the opinion of NICOLSON,who suggests that competitive 
environment may be selective for variants with higly 
metastatic property (38).Our clinical observation, that no 
metastatic spread is observed in some early-stage tumor 
patients,3-6 years after treatment with localized 
hyperthermia,supports this hypothesis, that hypoxic cells,very 
heat-sensitive,are an important component of the hematogenous 
spread of tumor.This last consideration dramatically shows,how 
important is the presence of viable hypoxic cells in human 
cancer. The detection of this fraction, in humans, is not 
easily performed, but recent photometriC and fluorescent 
techniques promise a way for quantifiyng oxygenation of solid 
tumors. The search for a specific therapy able to kill a 
great quantity of hypoxic cells are illustrated in table 1. 

Table 1 APPROACHES TO TREATMENT OF HYPOXIA AND HYPOXIC CELLS 

INCREASED OXYGEN DELIVERY:-transfusion
-hyperbaric oxygen-
-per-fluorochemicals-
-altered Hgb affinity-

HYPOXIC CELL SENSITIZIERS :+-thiol modification-porfiromycin-

BIOREDUCTIVE AGENTS :-misonidazole
-porfiromycin-
-S-tld o-D-g I ucose-

CHEMOTHERAPEUTIC AGENTS :-mitomycin-c
-porfiromycin-
--adriamycin--
--nj. trosureas-
--bleomycin-

HYPERTHERMIA 
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Fig.3 Ehrlich carcinoma,12th day after inoculatlon of Ehrlich 
ascites cells in the muscle parenchyma. Nile Red 
(fluorescence) staining. A cuff-like pattern, with an average 
radius of 150~m, is observed. Hypoxic cells occupy a 1-2 cell 
layer at the periphery of the cuffs (edge of 
necrosis)(arrows). They are recognized by hyghly fluorescent 
intracellular droplets of neutral lipids. 
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Fig.4 Ehrlich carcinoma / 15th day after inoculation. Nile Red 
fluorescence. Tentacular formation of cells visualized by 
intense intracellular fluorescence of neutral lipids, and thus 
presumed to be hypoxic,arrive from the edge of necrosis in the 
direction of blood vessels,clogging them with lipid. 
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As shown in table 1, hyperthermia may be combined with some 
other means,and is potentially applicable to the two different 
hypoxias. The biological reason, for expecting a bigger 
effect of the heat on the tumors than in normal tissues is 
related to the poor vasculature of tumor.It is not the hypoxia 
per se that sensitizes cells to the heat ,but rather does it 
the combination of hypoxia,nutrient deficiency and acidosis 
which is charateristic of tumor cells distant from the 
vasculature(9). Tumor blood vessels are not able to respond 
to hyperthermia,by increasing their blood flow and therefore 
dissipating efficiently the heat,when locally applied. A 
further advantage results because tumor blood vessels actually 
collapse after moderate heat treatments, and the perfusion 
remains poor for at least 24 hs, leading to ischemia and 
nutritional death of many tumor cells(28).It must be indiced 
that in our personal experience, a tumor temperature of 50·C, 
maintened for 30 minutes or more, caused massive necrosis of 
the tumor mass,without any documented damage to healthy 
cells.Thjs means that the repair system of the normal 
tissues(vascular reactivitY,unaffected glucose metabolism 
pathways, efficiency of intracellular enzymes,namely DNA 
repair system) is sufficiently able to protect,within certain 
limits,the healthy tissues surrounding the tumor. A right 
application of heat can increase the kill of more tl1mor cells 
reducing the relapses. In our series of inoperable tumor 
patients, we obtained a certain number of complete documented 
tumor eradication,using in combination hyperthermia plus 
chemotherapy or radiotherapy.Therefore we can say that tumor 
cure is possible also in cases usually intractable by chemo or 
radiotherapy (51). 

BIOLOGICAL AND PHYSICAL MANIPULATIONS TO ENHANCE HEAT EFFECT 

As outlined by COLEMAN,the environmental conditions,such as 
p02,pH,and the nutrient concentration may be much more 
critical to cell's response to therapy,than are the intrinsic 
charactheristics of the cells(4). Different means can be used 
to increase the susceptibility to heat and to obtain 
modificati.ons of the tumor microenvironment. We will describe 
the theoretical and pratical approaches on the following 
pages. 

Membranes modifications 

Membrane integritY,the efficiency of Na-K 
or passive drug (chemo) intake,may playa 
spread. Membranes are one of the target 
increase the susceptibility using 
supplementation. 

n3 fatty acids supplementation 

pump,the selective 
role in metastatic 
organ to heat.We can 
n3 fatty acids 

Tumors require fatty acids as oxidative substrates,for 
replacement of membrane lipid component and to manifacture the 
new membranes needed for growth and cell division.The fatty 
acids necessary for these purpose are obtained either by 
synthesis from glucose,or they can be supplied by the host as 
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free fatty acids(FFA) and for a less extent by 
t~iacylglyce~ols contained in plasma lipop~oteins(50). 
Biological membranes consist of a lipid bilayer composed of 
phospholipids and choleste~ol,with proteins embedded in this 
lipid bilayer.Proteins have important cellular functions,such 
as:recepto~,t~anspo~te~,enzyme. Thei~ activity is modulated 
by the physical state of lipid bilayer.About 35-40% of fatty 
acyl chains no~mally making up the membranes a~e satu~ated,the 
remainder are unsatured and contain 1 and 6 double bonds.Any 
change in composition of the lipid bilaye~ may affect the 
normal barrier functions and the responsivness of the cells 
(36).It is possible that the cha~actheristic of neoplastic 
cell may change sufficiently to alter its growth and increase 
it sensitivity to certain forms of the~apy,with metabolic 
manipulation. Most efforts to manipulate the composition of 
cell membranes have been obtained with polyunsatured fatty 
acids(PUFA), which cannot be synthetized de novo and therefore 
are obtained from nut~ition (49).The~e are two main classes of 
PUFA:the n6 or plant derived class and the n3 or fish oil 
de~ived (45).PUFA manipulations change lipid bilayer fluidity 
and consequently the phase. transition temperature of proteins. 
This change in fluidity might have important consequences for 
neoplastic cells, influencing the uptake of nutrients ,of 
chemotherapeutic agents,and the heat sensitivity (fo~ complete 
review of this aspect see Spector 1985,1987). GUFFY 
examined the response to heat of L1210 leukemic lymphoblasts 
enriched in culture with various fatty aCids.Following 
enrichment cells were transferred to a standard medium ,heated 
and then tested for cytotoxycity by a clonogenic assay.Cells 
enriched in 22:6 medium, where more heat-sensitive than with 
other unsatured acids.The effect was greater at 42"C and 
dependent on the degree of the enrichment. These observations 
are in accordance with other experiments, where the enrichment 
in PUFA was accompanied by a change in fluidity(17).Enrichment 
of Escherichia Coli cells with linolenic acid(18:3) showed 
that cells were incapable of growth at temperature above 
40"C,whereas cells supplemented with oleic acid(18:I)could 
grow at temperatures over 45"C (30). These findings were 
confirmed by others working on different. cell lines:mammary 
carcinoma,ascite cells in culture and mouse fib~oblasts. The 
lesson we may learn from these experiments is that the 
enrichment with PUFA is easily obtained, but the number of 
double bonds is critical,as is the physical state(49,50). 
Inte~esting is the use of n3 derivates,fo~ their selective 
killing activity on human cancer cells.This effect is probably 
due to increased hydroperoxide production and PGs 
modificaU.on( 2,3). In summary, changes in membrane fatty acid 
composition can influence the sensitivity of neoplastiC cells 
to heat, but,the molecular mechanism responsible. for this 
phenomenon is unknown.We are studying the effect of these PUFA 
on the tumor relapse and on the production of lymphoki.nes, 
which seem negatively affected by these fatty acids(26). 

Anesthetics 

Local anesthet.ics, expecially procai.ne and 1 idocaine, are 
membrane active drugs.The first observations on in vitro 
interaction between lidocaine and hyperthermia was reported by 
YATVIN et AI. (10).They obtained a survival time th~eefold 

increased over control,injecting lidocaine into the t.umor, 
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before heat treatment at 42-43.5"C.Similar results were 
reported by other authors. Some, found ,heat sensitization to 
lidocaine administrated e.v. at dose within the therapeutic 
range for control of arrythmias(43).Recent studies point to a 
direct action of anesthetic on membrane fluidity and membrane 
proteins interaction. This is confirmed by the works of 
KONINGS,who showed that procaine inhibits or delays 
thermotolerance ,a phenomenon not seen with PUFA (30). We use 
systematically lidocaine intratumorly and j.n metastatic 
nodules locally treatable. 

Microenvironment Modification 

The tumor microenvironment is mainly the interstitial fluid 
between the malignant cells and the tumor 
microvasculature(24). The properties of the interstitial 
fluid is dependent on tumor blood flow,which can modify the 
tissue microenvironment,the pH,the oxygen tension and the 
nutritional status (48). The changes in microenvironment 
affect thermal sensitivity of the cells,their 
thermotolerance,their response to Xrays and drug cytotoxicity. 
These, heat induced,alterations in vascular function and 
microenvironment affect the fate of the tumor within the 
treated target volume. Inside the same tumor, the 
distribution of vasculature and the blood flow are 
heterogenous and complex,and appears less than in normal 
tissue. As outlined by JAIN, tumor blood flow is proportional 
to the pressure difference between the arterial and venous 
sides of tumor vasculature and inversely proportional to 
viscous and geometric resistance (23). Tumor blood 
modifications are the major key to changes in tumor 
microenvironment,and may be attained by hyperglicemia,blood 
flow decrease and pH sensitizing drugs(32). 

Induced Hyperglicemia 

Malignant tumors metabolize carbohydrates mainly by anaerobic 
glycolisis,even under aerobic conditions, because they lack of 
certain enzymes and carrier systems.The oxidation of glucose 
stops at the stage of pyruvic aCid, which may be metabolized 
to lactic acid,or entering in the mithocondria,to acetyl 
CoA.This, is used as precursor of lipid biosynthesis or for 
energetic substrates -ATP- (52). In the tumors anaerobic 
glycol isis is dominating, but general statements must be made 
cautiouslY,even if the glucose metabolism remains the most 
prominent ~etabolic difference between oxic and hypoxic 
cells(l).Under hypoxic condition,glucose is utilized rather 
inefficiently in anaerobic glycolisis and more glucose is 
needed to produce the same amount of energy than in aerobic' 
condition. Hyperglicemia stimulates glycol isis and local 
decrease in tumor blood flow, producing an increase in lactic 
acid.Lactic acidosis leads to decrease in tumor extracellular 
pH, and tumor sensitization to the effects of hyperthermia, 
owing to activation of lisosomal enzymes (55). Decrease in 
tumor blood flow results from both systemic and local 
mechanisms.Systemic mechanisms include a reduction and 
redistribution of cardiac output, a "steal phenomenon" 
inhibiting tumor blood flow (23). Experimental observations 
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have shown that the reduction of tumor blood flow precedes the 
pH change and both are dependent on the glucose dose, lasting 
some hours(4-6 hs) after injection (23). Local mechanisms 
include increased red blood cells rigidity, white blood cells 
and platelets adhesion, increased interstitial 
pressure(24).ASHBY described results of continuos measurement 
of pH, in vivo, and the effect of raising blood sugar in 
melanoma nodules.The pH fall was associated with elevated 
blood sugar and occured very shortly after the start of 
dextrose infusion (10-40 minutes) (1).Same results have been 
obtained by Russian clinicians, who are using glucose infusion 
during hyperthermia,just from 1975(46,57).Dextrose infusion is 
usually performed with 10-20% solution(500-1000ml),half an 
hour before treatment, and will continue for all the treatment 
time. 

Blood Flow Decrease 

A method to obtain an increase of the heat effect, is to lower 
perfuSion pressllre.The decreased blood flow renders the 
normally oxygenated cells acutely hypoxic.In this situation, 
depletion of nutrients ,aCCllITllllation of waste products and pH 
change might all contr ibute to tumor response to heat. It's 
possible to obtain decreased perfusion pressure using two 
methods: (A) using vasodilatators or vasoconstrictors;(B) 
clamping the major artery supplying the tumor.Tumor 
vasculature is a composition of newly formed vessels and of 
the host vessels surviving in the tumor. Tumor vasculature is 
a high resistance bed with no contractile capacjty, for the 
absence of adrenergic innervation(21,23).So tumor blood flow 
may be decreased using vasoconstrictor drugs as adrenaline. 
Experimental observations,however, showed that the decrease of 
blood flow was a passive one, depending on blood flow decrease 
tht-ough surrounding normal tissues. Simi lar 1 y, vasodi lata tot
drugs, reducing blood pressure, may reduce tumor blood 
flow, but such effect is compensated by physiologic 
responses,as increase in heart rate_ The most apparent 
difficulty in employing such drugs is the variability of 
response of tumor blood flow and on absence of a model(24). A 
more promising approach is the occlusion of the major artery 
supplying the tumor.There are experimental and clinical 
evidences for the use of this technique (21). The concomitant 
administration of hyperthermia and local intraarterial 
chemotherapy has shown an impressive response with no adverse 
effects.In the Uver tumor, this association is somewhat 
effective if the lesions are large and few. The theoretical 
reasons for this enhancement of chemotherapy and hyperthermia 
assiociation are:(a)the occlusion of the artery supply renderu 
the tumor relatl.vely ischemic enhancing the heat effect; (b)the 
reduction in circlliation prevents the rapid reabsorption of 
chemotherapeutic agents;(c) the killing power of 
chemotherapeutic drugs is not only related to concentration 
but also to the duration of contact with tumor cells. We use 
this technique for tumor not resectable ,and for tumor locally 
treatable, with injection of chemotherapeutic drugs inside the 
tumor mass.In this way we obtain a higher concentration in the 
tumor and regional lymph nodes as comfj.rmed by experimental 
stUdies with radioctive labelled bleomycin injected into mouse 
breast cancer (31). 
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Glucose inhibitors and energy 

As outl ined, tumor cells obtain their energy supply 
predominantly by glucose .Inhibition of _this pathway induces 
lactate levels increase with extracellular pH 
decrease,enhancing thermal sensitivity. SONG and KIM,using 
5-thio-d--glucose, an inhi.bitor of glucose metabolif;m and 
transport, demonstrated a decrease in energy production and a 
reduction of viability of hypoxic cells (47). A combination 
between 5-thio-d-glucose and hyperthermia may enhance 
considerubly the cell ki.lling.In our laboratory, we are 
testing ditferent concentrations of the molecl11c,hoping in an 
increased heat effect. 

Loni dami.ne (1-- (2, 4-·di.chlorobenzyl) --I-h-indol--3-carboxyl ic 
acid),i;, a selective inhibitor of aerobic glycoli;,is (1:3). In 
an experimental study, lonidamine reduced the oxygen 
consl1mption in both"normal"and neoplastic cells.This molecule 
inhibits selectively the mitochondrial bound hexokinase which 
is absent in normal differentiated cells.The net effect is a 
decrease in energetic substrates (ATP)rendering the cell 
anoxic. SILVESTRINI et al,reported a thermal enhancement in 
vitro and in vivo of lonidamine at low concentration. KIM 
reported a futher potentiation at lower pH conditions. HAHN 
reported a more effective inhibition when the drug waf; used 
before and after an expo;;llre to Xrays (19) .The mechanism 
responsible for this effect is not known,a reasonable 
hypothesis is that recovery from Xrays application is a energy 
requiring process.These results may have important 
therapf~utical application;;. Undesired effect of the drug, 
used at the concentration of 450-1200 mgjday are: 
nausea, vomiting,cramps arrhytmias;itH 1lse Is dIfficult in thf~ 

elderly. 

Biologjcal Response Modifiers(BRM) and thermojmmunotherapy 

Host immune sy!;t.,m and t1lmor- gr-owth- CdnCf~r I~j a di~;ea!3e oJ: 
the ~ost:The dissemination and the growth of tumor cells are 
d,~pend'!nt at last partially on the ho},t imm1lI1f! ;-,y~;t',m( 19) .A.!l 

outlined by FIDLER,metastasis are the major cause of death 
trom cancer and of treatment failure(I:?). T1lmor--cell 
resistance to conventional therapeutic modalities, is the 
Hingle mo;,t important t-eaHon ror the lack of f,UCCe},H in 
treating cancer_ A method to circumvent the cellular 
heterogeneity and to eradicate thf! t-f!sistant tumor cells iH to 
stimulate the host immunitary system_Tumor growth is the 
re~;ul t of an eq11i 1 ibr i urn between the hOBt defense !;ystem and 
the ability of tumor cells to escape this control, using 
blocking mechani!3mB.Malignant tran!3formation is accompanied by 
membrane changes, with gain and loss of surface antigens, 
which influence cell-cell interaction within the host.The 
majority of cancer cells are heterogeneous, genetically 
l111Htable, subjet to phenotypic change dnd expre;;Hing 
consequently a weak host immune responf;e(ll) .The host immune 
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defense against tumors is cell mediated. T cells playa large 
role in this process because they can adoptively transfer 
tumor immunity and cause tumor regression in a major 
histocompatibility complex{MHC) restricted fashion.Natural 
Jd llers (NK) ,macrophages and i.n certain circumstances Bcel Is 
have an ant i tumor effect. Another potent ant i tumor ef,fector 
phenomenon,Lymphokine Activated Killers{LAK),have the capacity 
to lyse NK-resistant tumor cells in on MHC-unrestricted 
fashion(37).The increase in knowledge about tumor immunology 
and biothecnology has opened new treatment modalities 
Biotherapy can be effective alone or in association with 
surgery, chemotherapy, radiotherapy and hyperthermia.As 
outlined by OLDHAM, biotherapy can have activity not only on 
imperceptible disease or ~ tumor mass less than 105 ce ll s , but 
also on a clinically apparent disease(39).Different are the 
immunomodulators used.WE will describe the followings and the 
interaction with hyperthermia. 

Thymic extracts 

Thymic extracts are a fami.Iy of po) ypetides, responsible for 
the normal maturation of the various subclasses of T 
lymphocytes.The complex process of thymocytes differentiation 
involves a number of independent steps, regulated by a 
specific thymic extract. Some thymic extracts have shown 
immunorestorative effects on T cells in different clinically 
immunodefi.ciency states.A study on 200 neoplastic patients 
treated with immunotherapy and hyperthermia have shown an 
i.ncrease in the total number of lymphocytes,an alteration of 
the ratio helperl suppressor and a decrease of opportunistic 
infections (42). Several clinical trials with thymic 
extracts, following radiation therapy to head, neck and lung, 
have shown a reconstitution of T cell function.The same 
results have been obtained in patients receiving cyclic 
combination chemotherapy and thymic extracts (56). 

Interferons 

Interferons are small biologically active glycoproteins, with 
antiviral, antiproliferative and immunomodulatory 
activities.They are classified as interferon :alpha,beta,gamma 
An important effect is the antiproliferative action,with 
increase of all cell cycle phases and prolongation of the 
overall generation time. Interferons have demonstrated a 
differentiative effect and an increased expression of HLA 
antigens.This increased surface antigens expression may play 
an important role in tumor control and in metastasis di.ffusion 
(14). Clinical trials have documented that the response is 
dose dependent and that not all tumors are responsive. 
Another interesting application is the intralesional 
treatment. This holds promise for an association with 
hyperthermia for malignancies as melanoma, breast, bladder 
cancer and topically for cervical carcinoma in situ (56). 
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Lymphokines 

Among the different soluble mediators, produced by activated 
macrophages, Interleukin -2 (IL-2) has gained a great 
relevance for tumor treatment. IL-2 is a 15Kd 
immunoregulatory glycoprotein, which incubated with human 
lymphocytes generates a population of cells capable of lysing 
fresh tumor cells in vitro. This phenomenon ,termed LAK, 
distinguishs these cells from cytotoxic T lymphocytes and from 
NK cells. LAK cells are cytolytic for a broad range of fresh 
and cultured human tumors, do not attack normal cells and are 
not HLA restricted in their specificity. LAK cells constitute 
a heteregeneous population, in part derived from Tcells and 
NKcells (37).Extensive animal studies, have demonstrated that 
LAK cells cause the regression of established tumors and 
inhibit the growth of metastasis. The animal model has 
indicated some consequences for maximum effect on humans. 
These are: l)cells should be cultivated in high dose IL2 for 
3-4 days before infusion, 2)a calculated dose at least 10" LAK 
cells would probably be necessary for treating human tumors, 
3)the mechanism of LAK action in vivo is not perfectly known. 
The cut"rent hypothesis is that activated cells migrate to 
tumor sites, expand in situ under the influence of exogenous 
IL2 and destroy tumor cells eithet- directly or indirectly by 
cytolysis(29).In a study done by ROSENBERG and MULE' on 
selected patients not responsive to convenctional therapy,it 
has been obtained with adoptive transfer of LAK cells plus IL2 
or IL2 alone a complete (10%) or partial regression (20%) of 
advanced metastatic cance~(37}.The toxicity associated with 
LAKcell-IL2 therapy is substantial. The most severe effects 
appear related to dose and to the method of IL2 
administration(29). MULE'and ROSENBERG have obtained a 
reduction of doses, of toxic effects and an increase of 
antitumor activity, combining IL2 with IFN alph~, monoclonal 
antibodies,tumor infiltrating lymphocyt~s, TNF, and other 
cytokines.In our opinion an association hyperthermia, IFN,IL2 
or Thymic hormones may promise beneficial effects on cancer 
patients. 

Non specific jrnrnunomodulators 

The CALMETTE-GUERIN-BACILLUS, under certain conditions of dose 
and time, leads to macrophages activation(14).The results of 
large number of studies are controversial, but controlled 
trials have shown an increase of second remissions and 
prolongation of survival in leukemic patients. Local 
administration seems to give relatively reproducible results 
(i.e. intravescical administration in bladder cancer) (39). 
CIMETIDINE,H2 receptor antagonist, induces enhanced 
cell-mediated immunity and shows a synergistic effect with 
interferon in myeloid leukemia, myelodysplastic syndrome and 
melanoma (39). LEVAMISOLE,inhibits T-suppressor cells and 
induces a significant prolongation in breast cancer and 
myeloid leukemia. CORYNEBACTERIUM PARVUM can activate 
macrophages and is usually associated with thymic extracts, 
influencing positively the disease trend. BIOSTIM, a 
glycoprotein obtained from Klebsiella Pneumoniae, stimulates 
natural cytotoxicity and ILl production by large granular 
lymphocytes. In vi tro it enhances neutrophi I, T, Band 
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macrophage functions. It protects against bacterial and viral 
infections, but is unable to cot-rect the NK cell function 
deficit in patients with large tumor mass(39).MURAMYL 
DIPEPTIDE (MOP): is a bacterial peptidoglycan derivative.It 
augments T cell activity and macrophage release of 02 and 
reduces tumor metastasis in animals. FIDLER using MOP with 
interferon and MAF encapsulated in liposomes succeded to 
activate macrophages in vivo. Following intravenous 
administration, the majority of liposomes (80-90%) are taken 
up by reticuloendothelial cells in the liver, spleen,lymph 
nodes, bone marrow and circulating monocytes.The in situ 
activation of macrophages result from the direct interaction 
of liposomes with macrophages.Activated macrophages 
discriminate between normal or tumorigenic cells. This 
discrimination is species specific, independent of 
transplantation and tumor associated antigens. Host 
macrophages recognize,lysed tumor cells and play a role in 
determining the outcome of tumor metastasis (12). ZINC can 
regulate the T4/T8 ratio and in i.mmunocompromised cancer 
patients in remission, normalises the helper function and 
improves the NK activity(33).VIT A and its analogs RETINOIDS 
affect the proliferation and differentiation of many normal 
and malignant cells.They augment the cytotoxic and helper T 
cells numbers and functions, and inhibit prostaglandin 
synthesis by host tumor acti.vated macrophages. VITAMIN E and 
SELENIUM augment the resistance to infections and increase the 
activity of T helper (27). 

IMMUNOLOGICAL ASPECTS OF HYPERTHERMIA 

Experimental data show the regression of metastasis following 
curative heating of the primary tumor.The reverse process has 
been demonstrated (7).W'hen the tumor cells are pre-heated the 
tumor graft in animals is difficl1lt, probably because of an 
increased expression of the suface antigens on the tumor 
cells. In some instances a local immunologic reactivity with 
lympho-plasmacytic infi I tration and i.ncreased complement 
dependent cytotOXicity has been documented in heated tumors. 
DICKSON has shown a difference between local tumor heating and 
total body hyperthermia.He obtained a decreased survival in 
animals treated by local heating followed by total body 
hyperthermia (7). This tumor growth enhancement may be 
dependent from NK cells activty depression.Observations in 
this sense have been documented incubating lymphocytes at 
39"-40"C for more than 4 hs(40).Not all the T cell lineage is 
equal responsive to heat.The NK heat damage appears not to be 
reparable, where Tcells seem easier repared. This study may 
explain the increase of frequency of distant metastasis in 
some animal tumor system, but the conditions seem more 
applicable to total hyperthermia than to local heating. In 
man,many regressi.ons of distant metastasis after treatment of 
the primary tumor are documented. As outlined by GREENSTEIN 
"the key to cancer problem lies in the host-tumor 
relantionship". Since the characteristics of growing tumor are 
conUnually changi.ng and the pri.mary tumor may influence the 
number and the rate of growth of its metastasis, heat therapy 
must be viewed as a perturbation of this dynamic state(16).The 
host defense system may influence the response to 
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heat.Hyperthermia combined with BRM, induces NKcells 
activation in vivo, LAK cells induction and increase of ILl, 
IL2, IFN alpha in the peripheral blood. This improves immune 
reactivity and can deter the development of infections and 
collateral' effects caused by the disease and 
therapies, amplifying tht~ documented local immunological 
changes caused by hyperthermia (See fig.5). Clinical study on 
thermo immunotherapy ( with combination between heat and 
interferons, thymic extracts or bacterial derivatives) were 
undertaken in advanced prostatic cancer, melanoma, breast 
cancer and other neoplasms. The available results indicate 
that the number of responders is higher in groups treated with 
immunotherapy t:han those treated wi th other modal i tIes (41,54) . 
Although the observations are mostly uncontrolled and some 
randomized trials still in progress, many authors suggest that 
thermo immunotherapy offers d rea 1 a I ter'nat i ve for advanced 
neoplasms and opens a new field for experimental and clinical 
investigation. 

CONCLUSIONS 

Based on actual observations,hyperthermic treatment of the 
tumor can be used in combination with chemotherapy,irradiation 
and immunotherapy.This association is based on strong 
bilogical rationale.Hyperthermia alone seems not able to 
eradicate the tumor mass,but in synergism with chemo, radio 
and immunothet'apy has an enhancing effect for its selectivi ty 
on acidotic,hYPoxic,radioresistant cells and tumor abnormal 
vasculature (22,34).The heat has marked effects on the tumor 
structure, lysing the cancer cells, destructing the neoformed 
capyll ar ies and boost ing the immuni tary n~sponse. The 
hyperthermia may be combi,ned wi,th different therapeutic 
modalities in the following ways: 

CHEMOTHERAPY:a) generalized 
b) selective intra-arterial 
c) local intralesional application 

RADIOTHERAP¥:a) external beams 
b) local treatment(brachytherapy) 

IMMUNOMODULATION:a) active aspecific 
b) adoptive 

(active aspecific are: thymic extracts,bacterial 
extracts, adoptive are:interleukines,cytokines,LAK) 

It may also be used with hormonotherapy(breast and prostate 
cancers) potentiated by metabolic drugs(i.e. glucose 
inhibitors) ,by membrane modifier substances(anesthetic,PUFA) 
or by metabolic manipulations tending to decrease the tumor 
pH. One of the most interesting application of hyperthermia 
is its use as neoadjuvant presurgical cytoreductive therapy. 
In our experience (411 patients treated in the period 
1980-1989,affected by inoperable tumors) the 4.3% had a 
radical cure,the 51.8% had a clinic:al response (documented 
total regression, partial or minor response,long term 
stabilization of disease lasting more than 18 months).It must 
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be noted that the treated cases were poorly sensitive to the 
conventional therapies(41). The utilization of the 
hyperthermia, with selective chemotherapy,local radiotherapy 
and with Biological Response Modifiers may overcome: l)the 
adverse effects increasjng the doses of chemotherapy and 
radiotherapy 2) the early appeareance of resistant clones. 
Our retrospective study shows that the biological factors 
negatively correlated with the response to therapy are: high 
alpha 2 glycoprotein level> 1.0g/l;high sedimentation rate > 
'jO/lh;low levl~1 of total lymphocites <'SOO/mc.; T helper/T 
suppressor imbalance ratio < 1.2.AII the patients with these 
hematological data failed to obtain remission. 

Our suggestions about hyperthermia use in 1990 are 
hyperthermia must be used in association with other 
modalities. Its use as palliative treatment in preterminal 
disease states should be avoided. The schemes utilizing 
hyperthermia plus cherno or radjotherapy could be used in 
advanced stages. In the eiderly, in preoperative neoadjuvant 
utilization, and in localized disease, hyperthermia could· be 
advantageously combined with immunotherapy, in order to obtain 
a stabilization of the disease, with good performance status. 
In some instances a complete tumor eradication can be 
documented. 

REFERENCES 

1) B.S. Ashby: pH Studies in Human Malignant 
Tllmors.Lancet,i:312·-.H5 1966 

2) M.E.Begin,U.N.Das,G. Ells,D.F. Horrobin:Selective 
Killing of Human Cancer Cells by PUFA. Prostaglandins 
Leukotrienes and Medecine,19: 177-186,1985 

3) M.E.Begin,G. 
Cytotoxicity Against 
Lipid Peroxidation. 

EIIs,D.F, Horrobin:PUFA and Induced 
Tumor Cells and Its Relati.onship to 

J.N.C.I,80:188-194,1988 

4) C.N.Coleman:Hypoxia in Tumors:A Paradigm For The 
To Biochemical dnd Physiologic Heterogeneity. 
80:310-317,1988 

5) J. Denekamp:Physiological Hypoxia and Cancer 
Aggiornamenti Di Radiobiologia. Vigo Curti Ed.1984 

Approach 
J.N.C.I, 

Therapy. 

6) M.W. Dewhirst:Will Hyperthermia Conquer The Elusive 
Hypoxic Cell? Radiology,137:811-817,1980 

7) J .A. 
Hyperthermia. 
Storm ed.G.K. 

Dickson,S.A. Shah: Immunologic Aspects of 
pp487-543 in "Hyperthermia in Cancer Therapy"K. 
Publ 1983 

8) T.E. Dudar, R.K. Jain:Differential Response of Normal 
and Tumor Microcirculation to Hyperthermia. Cancer. 
Res.,44:605-612,1984 

9) B. Enami,G.H. Nussbaum,R.K. TenHaken, W.L. 
Hllghes:Response of Capillary Blood Flow and Structure to 
Local Tumor Heating.Radiology, 137:805-809,1980 

288 



10) R. Engelhardt:Hyperthermia and Drugs.Recent Results in 
Cancer Research, 104:137-204,1988 

11) M. Feldman,L. Eisenbach:Genes Controlling The Metastatic 
Phenotype.cancer Surveys,7:555-572,1988 

12) I. Fidler:Macrophages 
Approdch to Cancer' TherdPY 
Re~; , 45 : 4714· 472 (, , 1985 

and Metastasis.A Biological 
A Presidential Adress.Cancer. 

13) A. Floridi,M.G. Poggi,M.L. 
Caputo,C. De Martino:Lonidamine 

Marcante,B. Silvestrini,A. 
a Selective Inhibitor of 

Aerobic Glycolysis of Murine Tumor Cells. 
J.N.C.I. ,66:497-499,1981 

14) K.A. Foon:Biological 
Immunotherapy. Cancer Re~'S, 

Response Modifiers: 
49:1621-1639,1989 

The New 

15)1. Frejtas,P. Pontiggia,S. Barni et al:Histochemical and Ul 
trastructural Pt'ob'~~3 for Crhonic Hypoxia.Some Hints for The 
Chemotaxis of Hypoxic Cells. Submitted for Publ. 

16) J.P. 
1955 

Greenstein:"Biochemistry of Cancer" Academic Press 

17) M.M. Guffy,J.A. Rosenberg,Z. 
oE Cellular Fatty Acids Alterdtion 
ity jn Cultured L 1210 Murine 
Res,42:3625- 3630,1982 

Simon,G.P. Burns: Effect 
on Hyperthermic Sensitiv 

Leukemia Cells.Cancer. 

18) J. Halle,L.R. Roizin-Towle:Biological Effect of 
Heat.Cancer.Res,44 :4708s-4713,1984 

19) G.M. Hahn,I.VonKersen,B.Silvestrini:Inhibition of 
Recovery from Potentially Lethal Damage by 
Lonidamine.Br.J.Cdncer,50:657.660, 1984 

20) T.S. Herman,B.A. Teicher,M. Jackson,J.Clark,G. 
Svensson,C.N. Coleman :Rationale for The Use of Local 
Hyperthermia with Radiation. Hyperthermia Therapy and 
Selected Anticancer Drugs in Locally Advanced Human 
Malignancies.lnt.J.Hyperthermia,4:143-158,1988 

21) B.S.A. Hill,J. Denl~kamp:The Effect of Vdscular Occlusion 
on Thermal Sensitization of Mouse Tumor Br.J.of 
Radiology,51:997- 1002,1978 

22) S.A. Hill,J. Denekamp:Therapeutic Benefit from Combined 
Heat and Rddiation .Recent Results in Cancer 
Research,l09:28-35,1988 

23) R.K. 
Review.Cancer. 

Jain:Determinants of Tumor 
Res. 48:2641-2658,1988 

Blood Flow,A 

24)R.K. Jain,K. Ward-Hartley:Tumor Blood Flow-Characterization 
Modifications in Hyperthermia.IEE Transactions and Sonic and 
Ul t.rasonic~; , 31: :.04--526 ,1984 

25) M. Jdnak,S. 
by Whole Body and 

Szmigielski:Alteration of Immune Reactions 
Local Hyperthermia in Normal and Tumor 

289 



Bearing animals. Review of Own 
Br.J.Cancer,45:122s-126s,1982 

1976-1980 Experiments. 

26) R.A. Karmali: n-3 Fatty Acids and 
225:1975-2005,1989 

Cancer.Journal of 
Internal Medecine , 

27) L. Kiremi.djian,G. Stotzky:Selenium and Immune 
Response. Environmental Research,42:277-303,1987 

28) S.H. Kim,J.H. Kim,E.W. Hahn:Enhanced Killing of Hypoxic 
Cells by Hyperthermia. Br.J. of Radiology,48:872-874,1975 

29)H.G. Klein,S.F. Leitman:Adoptive Immunotherapy in The 
Treatment of Malignant Disease. Trasfusion,29:170-178,1989 

30) A.W.T. Konings:Membranes as Target for Hyperthermic Cell 
Killing.Recent Results In Cancer Research.l09:9-22,1988 

31) H.H. LeVeen,P.R. Rajogopalan,I. Vujic,R.P. Gabien,P.H. 
Brien,R. Hutto,P. Pontiggia,N. D'Ovidio,R. Pethig ,D. 
Armitage:Radiofrequency -Thermotherapy,Local Chemotherapy and 
Arterial Occlusion in The Treatment of Non Resectable Cancer. 
The American Surgeon,50:61-65, 1984 

32) G.C. Li:Thermal 
Hyperthermia.Current 
Res,44:4B86s-4893s,1984 

Biology and PhYSiologic 
State and Future Needs. 

33) G. Mathe' et al. The Effect of 
Neoplastic T-Lymphocites Proliferation. 
PharmacoTher,2:203-210,1985 

Zinc on 
Med. 

Clinical 
Cancer. 

Normal and 
Oncol&Tumor 

34) M. Molls,E. Scherer:The Combination of Hyperthermia and 
Radiation :Clinical Investigation. Recent Results in Cancer 
Research,104: 110-136,1987 

35) J.E. Moulder,S. Rockwell:Tumor Hypoxia :Its Impact on 
Cancer Therapy. Cancer Metastasis Reviews,5:313'-341,1987 

36) C.E. Mountford,L.C. Wright:Organization of Lipids in The 
Plasma Membranes of malignant and stimulated cells :A New 
Model.TIBS 13:172 -177,1988 

37) J.J. Mule' ,5. Rosenberg:Immunotherapy with Lymphokines 
Combination. Important Advances in Cancer and Oncology 1989 

38) G.L. Nicolson:Tumor Cell Instability,Diversification and 
Progression to Metastatic Phenotype:from Oncogene to 
Oncofetal Expression. Cancer. Res,47:1473-1487,1987 

39) R.K. Oldham:Biotherapy :General Principles. "Principles 
of Cancer Biotherapy" R.K. Oldham ed. Raven Press.1987 

40) M. 
Cells. 

Onsrud:Effect of Hyperthermia on Human Natural Killer 
Recent Results in Cancer Research,109:50-57,1988 

41) P. Pontiggia,A.Introzzi:The 
caused by Hyperthermia. 
Environment,16:499-506,1988 

290 

Therapeutic 
Medeci.ne 

Enhancement 
Biologie 



42) P. Pontiggia:Il Dilemma Terapeutico Dei Tumori Maligni. 
Federazione Medica,4:235-244,1989 

43) H.I. Robins,J.S. Slattery,T.A. Lange,M.B. Yatvin: 
Systemic Lidocaine Enhancement of Hyperthermia-Induced Tumor 
Regression in Transplantable Murine Tumor Models. 
Cancer.Res,43:3187- 3191,1983 

44). S. Rockwell:Hypoxic Cells as 
Chemotherapy. "Development of Target 
Drugs·Y.C.Cheng ed. Raven Press 1983 

Target for Cancer 
Oriented Anticancer 

45) H.M. Sinclair:Essential Fatty Acids in Perspective.Human 
Nutrition. Clinical Nutrition,386:245-260,1984 

46) V. Shapot:Biochemical Aspects of Tumor Growth. MIR 
Publ.MOSCOW,pp:44-50,1980 

47) C.W. Song,J.J. Clement.S.V. Levitt:Cytotoxic and 
Radiosensitizing Effects of 5-thio-D-glucose on Hypoxic Cells. 
Radiology ,123: 201-205, 1977 

48) C.W. Song:Effect of Local Hyperthermia on Blood Flow and 
Microenvironment, a Review. Cancer.Res,44:472ls-4730s,1984 

49) A.A. Spector,C.P. Burns:Biological and Therapeutical 
Potential of Membrane Lipid Modification in Tumors. Cancer. 
Res,47:4529-4537, 1987 

50) A.A. Spector,M.A. Yorek:Membrane Lipid 
,Composition and Cellular Function, Journal 
Res,26:10l5-1035,1985 

Modification 
of Lipid 

51) C. Streffer, D. vanBeuningen: The Biological Basis for 
Tumor Therapy by Hyperthermia and Radiation. Recent Results 
in Cancer Research, 104:24-70,1987 

52) C. Streffer:Metabolic Changes During and after 
Hyperthermia. Int. Journal of Hyperthermia,1:305-3l9,1985 

53) C.D. Stubbs, A.R. Smith:The Modification of Mammalian 
Membrane PUFA Composition in Relation To Membrane Fluidity and 
Function. Biochimica et Biophysica Acta,779:89-l37,1984 

54) S. Szmigielski, S. Zaboklicki,J. Gil,J. Jeljaszewicz,G. 
Pulverez: Inhibition of Lewis Lung carcinoma in Mice by Local 
Microwawe Hyperthermia Combined with Immunomodu]ating 
Propionibacterium Granulosllm KP45. Cancer Immunology 
Immunotherapy, 16: 151-156,1984 

55) P. Vaupel,F: Kallinowski:Physiological Effects of 
Hyperthermia. Recent Results in Cancer Res,104:71-110,1987 

56)J. Wagstaff,M. Kees:Lymphokines and Cytokines. Cancer 
Chemotherapy and Biological Response Modifiers.Annual 10 H.M. 
Pinedo,D.L. Longo,B.A. Chabner ed. Elsevier 1988. 

57)S.P. YARMONENKO :RADIOBIOLOGY of Humans and Animals. MIR 
Pub: MOSCOW, pp:362-366,1988. 

291 



PERSPECTIVES AND HOPES FOR THE 1990s 

G.M. Pigliucci, B. Iorio, D. Venditti, R. Fiorito, 
V. Vittorini, V. Cervelli, C.U. Casciani 

Surgical Clinic - II University of Rome 
Piazza Umanesimo, 10 - 00144 Rome (Italy) 

Today the management of malignant tumors is to apply an 
integrated approach to the particular disease using 
hyperthermia alone and in combination with other modalities. 

In fact thermotherapy, particularly associated with 
radio-,chemo- and immunotherapy, represents a valid aid in 
cancer therapy, especially when the traditional therapies 
have failed or can no longer be applied. 

On the other hand, 
(interleukin, interferon, 
physician to utilize the 
cancer. Hyperthermia has 
system. 

the use of immunomodulating drugs 
monoclonal antibodies), allows the 
immune system in the treatment of 
no negative effects on the immune 

The goal of cancer therapy to prolong life of patients, 
killing or reducing the neoplasm with a complete or partial 
remission, maintaining the general conditions and the 
"performance status" of patients for a long period, is 
particularly important for a good quality of life. 

In these last years the progress in the fields of 
experimental and clinical hyperthermia sho~ significant 
improvement in the technical equipment and in their 
applicative methods, in thermosensitizing drug use, in 
patient selection and in the appropriate timing to glve the 
hyperthermia therapy, although sure and effective protocols 
are not ready. 

We think the most promising and qualifying points of 
hyperthermia in the next decade are these three: 

1) The stabilization of malignant tumors 
2) Intraoperative hyperthermia 
3) The possibility to evaluate the temperature 
tumors by the non-invasive magnetic resonance 
system. 

In regards to 
interesting to give 

Consensus on Hyperthermia jor the /990s 
Edited by H. I. Bicher et al. 
Plenum Press, New York, 1990 
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obtain these responses after hyperthermia treatment:no 
response, complete or partial remission, stabilization Of 
the tumor. In regards to this last response, we would like 
to emphasize the importance of these results: the 
possibility to obtain an arrest in tumor growth in 35 to 40 
percent of treated patients with a good "performance status" 
and a good Duality of life, with a follow up from six months 
to several years, represents without a doubt a new aspect in 
the response to cancer therapy. One must consider that these 
cases had no longer responded to other modes of therapy. 

The exact pathogenetic mechanism of this phenomenon is 
not yet clear (maybe the immunological system is involved); 
however, patients that no longer respond to radiation or 
chemotherapy can live after hyperthermia in good condition 
despite the presence of very significant residual disease. 
In particular, in our experience, the stabilization of 
hepatic tumors (espeCially secondary from digestive 
tract), lung tumors and pelvic tumors are numerous. 

We were pleasantly amazed at the possibility for us to 
operate previously inoperable tumors, which now can become 
sealed and operable because of hyperthermia, and in some 
cases prolong life and life's Quality. We think traditional 
therapies could also be administered in association with 
hyperthermia when more treatment is non-effective alone or 
because of too much immunodepression. 

In regard to the second point, we emphasize the 
importance to obtain the maximum level of therapeutic 
hyperthermia inside the tumor (6); the problem of reaching 
41.5 degrees centigrade to 42 degrees centigrade is not 
always solved especially in patients in which the tissues 
between the generators and tumor represent an excessive 
impediment to the heat penetration. The interstitial 
applicators and microwaves, or radio-freauency 
intraoperatoryelectrodes, applied from many authors [Emami 
(2), Kushiro (4)J, allow to be more detectable in 
reaching deeper tumors (lung, pancreas, bile duct). 

In the future, if a surgeon will extend the indications 
to the pre-intra or post-surgical treatment with associated 
therapies [La Veen (8)J, we-think a big step in the control 
of tumoral growth will be made. Surgery must be included 
more and more in the context of a multidisciplinary 
treatment, in which the extirpation of an operable tumor 
will be a fundamental step. Now, considering that the 
neoplastic disease is characterized of a systemic 
involvement of the entire organism, it will be necessary to 
intervene with other associated treatment (3). If the tumor 
appears to be inoperable only at the time of exploration, 
it is possible to suggest a cytoreduction with implant 
of intraoperative radiation and hyperthermic applicators so 
that the local complete control of the tumor may be possible 
at this time. 

However, on the other hand, the advantage of the 
intraoperative insertion of applicators will be doubtly 
useful: the reaching of the neoplastic time with therapeutic 
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temperatures through the applicators will be accompanied by 
the possibility to insert thermometers inside also or beside 
the tumor. Without doubt this method is a warrant v of 
reaching effective temperatures in many organs. -

In regard to the third point about the non-invasive 
amelioration of temperature measurement, recent studies 
[Charny (1), Le B~han (5)J, suggest the very first 
interesting results: the association of hyperthermia and 
magnetic resonance imaging system. This system consists of a 
modified mini-annular phased array designed for the heating 
of human limb tumors and a whole-body magnetic resonance 
imaging system. Temperature images are obtained non
invasively with high accuracy (0.5 degrees centigrade 
resolution using two 3.5 minute scans), using images of 
molecular diffusion. The eauipment for heating has· been 
modified to he compatible with the maqnetic resonance unit 
by removing all of its original fer~omagnetic parts and 
rewiring it. The compatibility of the modified system was 
tested using a phantom made of a doped acrylamide gel. 
Temperature MR images agreed very well with temperature 
measurements obtained from fiber-optic probes placed inside 
the gel. The temperature resolution was found to be better 
than 0.5 degrees centigrade with a spatial resolution better 
than 1 cm. The possibility to realize simultaneously an 
immediate comparison of temperature and of images, now still 
in ex~erimental stage, offers a perspective for measuring 
the temoerature also in deep tumors. Maybe many problems 
have divided physicians and physicists till now and have 
limited an adequate development of hyperthermia in the world 
will be sourmounted with this method. 

In conclusion, really hyperthermia is an effective 
tumoricidal agent in man and animals. However, many 
questions remain with respect to how to best utilize this 
modality of treatment (Skibba (10)J. What disease should be 
treated and when, what technique should be used and should 
some modifiers he used in conjunction with heat, additive 
therapy, or increasing the tolerance of normal tissues., are 
all questions for future research. How we can make the 
results predictably better and which is the effort to make a 
treatment in the best manner on a single patient is the 
subject of this conclusion. 

Hiqh tumor temperatures must be reached in less than 30 
minutes-and sustained for 2 1/2 to 3 hours. The aim of the 
hyperthermia users must be to kill off the cancer in the 
first new treatments. The number of thermosensitizing drugs 
is increasing, and methods to make the tumor more sensitive 
to heat have found interesting application. The specific 
absorption rates of the cancer can be dramatically increased 
by the injection of ferrite, a powered ceramic. Such 
ferrites are used in microwave ovens to convert microwaves 
to heat. Powered ferrite is suspended for injection into the 
cancer with a needle and syringe along with chemotherapy. 

In regards to drugs which prevent glucose entry into 
cancer cells, these drugs lower the cells' vitality and make 
them susceptihle to chemptherapy. The life of the. cell is 
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directly correlated to glucose's utilization, and so the 
sensitivity to heat and to chemotherapic drugs will increase 
if intracellular pH and metabolic induced suffering will be 
present. Glucose blockers suppress cellular repair of 
sublethal injury caused by heat and chemotherapy. 
Mu1tidrug resistance to chemotherapeutic agents is caused by 
an active membrane pump which ejects these poisons from the 
cells. The oump utilizes ATP, but cancers deprived of 
glucose can not sustain intracellular ATP. It is easy to 
understand how these drugs can be the drugs that will aid 
future therapy [La Veen (7)J. 

At least, we remember differential temperatures between 
normal adjacent tissue and cancer during R.F. heating is 
usually 3 degrees to 4 degrees centigrade. This can be 
increased by selective reduction of the blood flow through 
the cancer." Temporary or permanent occlusion (9) of the 
artery supplying the region selectively reduces blood flow 
through the tumor because the perfusion pressure drops 
distal to the occlusion. Blood ceases to flow through the 
high resistance vascular network of the cancer. In this 
manner the embo1ized tumor is more sensitive to heat and 
this fact reoresents undoubt1y another interesting tool to 
realize a more effective thermotherapy. 
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ABSTRACT 

The evaluation of the clinical results in experimental applications 
of local electromagnetic hyperthermia requires strict control of the 
physical parameters of the treatment and adhesion to close medical pro
tocols. Development and application processes in close cooperation be
tween physicians and electromagnetic experts are reported and discussed, 
on the basis of experimental and theoretical research work. Attention is 
concentrated on a 434 MHz apparatus, where the fundamental physical 
limits have been identified and the operating features in the clinical 
practice have been evaluated. The cases eligible for treatment were 
chosen according basically to the limitations posed by depth, volume and 
steep temperature gradients. Several cases are reported mainly in as
sociation with radiotherapy. Lines of technical improvement are sug
gested, mainly based on the development and optimization of lower
frequency applicators. 

INTRODUCTION 

Several clinical and engineering results must be pursued and ascer
tained before the promise of electromagnetic hyperthermia as a simple and 
agile technical aid for treating localized lesions with very minor or no 
invasivity can be effectively implemented. First and most fundamental of 
all, the therapeutic efficacy is to be analyzed and the effective 
potential ascertained. Effects have been observed and defined. Yet a 
larger basis of data possessing adequate homogeneity is required, both 
from the medical point of view (seat and histotype) and from the electro
magnetic point of view (mainly control of temperature profile and SAR, 
Specific Absorption Rate). It would further be desirable that follow-up 
data be available in addition to the short-term response. Correlation and 
exchange of data among several clinics is essential, both for the above 
considerations and for the limitations of the method that presently 
withhold the number of cases eligible for treatment. 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bicher et at. 
Plenum Press, New York, 1990 
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BASIC CLINICAL PHILOSOPHY 

Our basic research effort concentrated on the evaluation of the 
therapeutic effect. To this purpose, the choice was to treat superficial 
or moderately deep lesions, for easy and reliable clinical evaluation and 
also for acceptable physical control (temperature distribution and 
measurement). The basic characteristics of a suitable apparatus were set 
down in collaboration between of physicians and engineers. Minimal medi
cal specification can be stated as follows: 

depth of the lesion: from surface to a few centimeters; 
treated volume a few tens of cm3 ; 

minimum temperature across the treated volume 42·C with a maximum 
temperature of 4S·C; 
temperature monitoring: at least body surface and center of the 
mass, with mUltiple reading points along a line desirable (say. 
four temperature readings along the same line, to increase 
temperature information with minimal invasivity); 
temperature control: within JO.2 ·C; 
surface cooling: limited to about +S·C at the body surface. 

It was agreed that the subcutaneous temperature could not be guaran
teed by design and that it should be decided separate monitoring on a 
case-by-case basis according to anatomical considerations. In defining 
the limits of the volume to be treated, the macroscopic limits of the tu
mor are mainly observed, but the actual extent of the malignant tissue is 
usually larger and ill-defined. This must be also taken into account when 
planning a possible treatment. 

Being the method in an experimental phase, only tumors not treatable 
with conventional methods were considered eligible, or those where the 
conventional therapies failed. It was stated that damaging healthy tissue 
was not acceptable. Additionally partial treatment of the malignant vol
ume was considered not desirable. 

On the basis of the above considerations the investigation was aimed 
at producing treatments where the physical parameters could be controlled 
as closely as possible so that the clinical evaluation was correlated to 
an identified and reproducible set of parameters. 

THERMAL ANALYSIS AND THEORETICAL LIMITATIONS 

The basic theoretical limits of temperature distribution can be 
obtained with a simplified thermal/electromagnetic model. The real world 
is far more complicated, yet the model permits to enlighten orders of 
magnitude and physical trends of the phenomenon. 

The electromagnetic excitation of the tissue is assumed to cor
respond to uniform plane wave at normal incidence. The electromagnetic 
fields of all practical applicators markedly differ from the above 
scheme, but the basic features of the power deposition process are ex
pected to be maintained in the model, with exclusion of possible edge ef
fects. Experimental observations on phantoms permit to detect such ef
fects and give a semi-quantitative evaluation1 . 

Further simplifying assumptions are as follows: (a) plane, homoge
neous, isotropic tissue of infinite depth; (b) distributed blood per
fusion, uniform in space and invariable with respect to temperature; (c) 
electric and thermal conductivity uniform and invariable; steady-state 
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conditions (time invariance). Thermal, electric and blood-perfusion data 
correspond to muscle tissue according to data derived from the 
literature2 ,3. The surface temperature is assumed in the following example 
as the minimum allowable value (T= SOC), higher temperatures giving rise 
to more superficial temperature distributions. 

The behavior of the temperature profiles is shown in Figure 1. There 
a peak temperature of 47°C is given, although in our treatment a limit of 
4S0C was assumed. An accepted trend appears in the literature towards 
somewhat increased tumor core temperature while keeping safe limits (42 
or 43°C4 ) in the normal tissues. The value of 47"C is however adopted 
here for better evidence and to give a picture of the best obtainable re
sults. 
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Figure 1. Temperature profiles vs. depth for various operating fre
quencies; maximum and minimum temperatures for treatment are 
also shown. Surface temperature SoC. 

The intercept of the field profiles with the T - 42°C isothermal line 
gives the hyperthermic range (HR) as the difference of the deep limit 
(DL) at 42°C and the superficial limit (SL) at the same temperature. 
These interesting quantities are shown vs. frequency in Figure 2, 
together with the isothermal line at the peak (47°C) temperature. It is 
seen that the SL line is relatively insensitive to frequency, as could be 
expected. HR decreases increasing frequency thus suggesting to adopt as 
low a frequency as technically feasible, compatibly with applicator 
dimensions, weight and maneuverability. Notwithstanding the extreme 
simplification of the analysis, the data in the Figures give the correct 
order of magnitude of the obtainable depths, as demonstrated by a 
comparison with our in vivo observations at 434 MHz and by reference to 
recent Manufacturer's data. Also advanced analyses existing in the 
literature offer confirmations. 
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CLINICAL EXPERIENCE AND DISCUSSION 

The basic hyperthermia system used in our clinical applications was 
especially developed following the medical specifications and the ongoing 
indications of the medical experience. A frequency of 434 MHz (allocated 
to I.S.M. equipment) was chosen as a compromise between obtainable depth 
and operational agility. Technical effort is presently being expended to
wards obtaining lower-frequency applicators of practical operability for 
treatment of larger volumes. Yet the 434 MHz apparatus is capable of of
fering stable and practical clinical operation within its technical lim
its. These, for what depth, volume and anatomical site are concerned, are 
those dictated by fundamental physical limits and correspond to those of 
any state-of-the-art apparatus operating at the same frequency. The 
applicators were of the radiative type (circular open waveguide). The 
waveguide is excited by an antenna, with fixed matching. No matching is 
required in operation and the reflected power level is negligible (typi
cally less than 10%). Inside circulating water and integral bolus (con
tact bag) make good thermal and electromagnetic contact to the patient. 
Highly efficient cooling is obtained with cold-water circulation in 
large-section thermally- insulated hoses. Two pressure trimming devices 
are provided: one mechanical (axial positioning of the applicator) and 
one hydraulic (pressure volume trimming). Incident and reflected power 
monitors have analog display. An ON/OFF power control was added to the 
regular step or continuous regulation. This was of the non-latching push
button type for fast short-term interruption of the power flow and re
vealed itself of great practical value both for controlling a fast ini
tial temperature rise and for an intervention undetected by the patient. 

Apart from experimental applications on animals, the clinical obser
vations are based on 316 applications on 48 superficial or moderate-depth 
lesions in 31 patients. 

Seat and histotype were subdivided as follows: S patients with cuta
neous or subcutaneous melanoma metastases; S patients with thorax-wall 
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recurrences or supra-clavear lymphonodal metastases from breast 
carcinoma; 2 patients with soft-tissue sarcoma; 14 patients with lat
eral-cervical metastatic lymphadenopathies (4 of thyroidal origin, 2 of 
rino-pharingeal, 7 of laryngeal origin and 1 of lingual origin); 1 pa
tient with local recurrence from thyroidal carcinoma; 1 with maxillary
sinus carcinoma and 3 with pluri-recurrent spino-cellular carcinoma of 
the skin. 

For the evaluation of dimensions and infiltration into adjacent tis
sues, CAT or xerography were performed in addition to the clinical exami
nation. 

Each treatment cycle is constituted of 6 applications in 2 weeks, for 
a time duration of 45 to 60 min. each, with temperatures in the range 42 
to 45°C and intervals of 48 to 72 hours between treatments. 

Hyperthermia (HT) was used alone on 8 lesions associated with radio
therapy (RT) in 26 lesions and associated with chemotherapy (CT) in 14 
lesions. In association with RT two treatment schemes were performed 
adopting multi-fractioning of the total dose (4000 rad) into 1 or 2 daily 
treatments of 400 or 200 rad respectively, repeated 5 times per week for 
2 weeks. HT was applied within 1 hour of RT for a total of 6 treatments 
in the two weeks (48 to 72 hour intervals). CT was associated with HT by 
intra-lesional or systemic or infusional administration (infusional only 
for limbs) using various cytostatic drugs in relation to the specific 
histotype sensitivities. 

Temperature monitoring was by means of two or three probes inserted 
into the tumor tissue and surroundings. Probe insertion was by means of 
16 G catheter needles. 

Clinical response subdivided according to histotype and treatment 
modalities is shown in Table I. Variable amounts of reduction of the 
treated volume are observed and frequently reduction of local symptoms 
(when present) such as pain, dysphagia, dyspnea. 

Table I. Therapy and response vs. histology 

HISTOLOGY Totals HT HT+RT HT+CT CR PR NR DP NE 

Melanoma 7 1 1 5 4 1 2 

B.C. 19 6 12 1 3 9 6 1 

S.C. 3 3 1 1 1 

H.N.C. 17 1 13 3 2 5 6 4 

Sa. 2 2 1 1 

Totals 48 8 26 14 5 19 14 4 6 

B.C. = Breast recurrence or metastasis; S .. C. = Skin Spino-cellular Cancer; B .. R.C. = Head and Neck 
Cancer; Sa. = Sarcoma; CR = Complete Response; PR = Partial Response (reduction > 50%); HR = Non 
Response (reduction < 50%); DP = Disease Progression (Size increase); HE = No Evaluation; 
BT ~ Hyperthermia; RT ~ Radiotherapy; CT ~ Chemotherapy. 
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Therapeutic effects (Table II) appear more frequently associated with 
RT. Synergic activity between HT and RT suggests the possibility to lower 
the maximal RT doses thus reducing serious hangover from radio-lesions. 
HT alone does not appear to produce a significant therapeutic effect. 

Table II. Response vs. therapy 

THERAPY CR PR NR DP NE Totals 

HT 2 5 1 8 

HT+RT 5 13 6 1 1 26 

HT+CT 4 3 3 4 14 

Totals 5 19 14 4 6 48 

CR = Complete Response; PR - Partial Response (reduction> 50%); RR = Non Response (reduction < 50%); 
DP = Disease Progression (Size Increase); BE = No Evaluation; Br - Hyperthe~ia; RT = Radiotherapy; 
CT = Chemotherapy. 

The apparatus has demonstrated to be reliable and suited to appli
cation also onto difficult anatomical sites. The integral-cooling appli
cator lends itself to easy electrical and mechanical matching to the 
volume to be treated and the cooling is effective in preventing thermal 
superficial damage. 

Hyperthermic treatments have demonstrated to be devoid of specific 
morbidity, therefore no limits are seen for repetition. 

It is not worth to perform a rigorous statistical analysis due to the 
limited number of patients and the dishomogeneity of treated cases in 
relation to tumor type and seat. It is however possible to derive con
siderations emerging from single-case evaluations as briefly pointed out 
above. 

CONCLUSIONS 

The fundamental physical limitations of electromagnetic hyperthermia 
have been discussed. Limits of depth and volume reduce the number of 
cases eligible for treatment. Preliminary treatment procedure have been 
determined and the results permit to observe the presence of a clinical 
response. Our clinical observations are essentially based on a 434 MHz 
system developed according to technical criteria stemming from joint 
medical and physical experience. 

Further work is needed to analyze the real therapeutic effectiveness. 
Some margin exist for enlarging the space limitations (depth and volume 
of the treated mass) through the use of lower frequencies and larger 
applicators and for improving temperature monitoring and control 
(mUltiple probes). The 434 MHz apparatus was a good compromise for 
treated volume and ease of use. A larger statistical basis, however, can 
only be obtained through the association of several Clinics, to overcome 
the limitations of the number of cases eligible for treatment. This 
essential cooperation can give definite results only by the use of (1) 
well-defined common protocols and (2) effective and homogeneous 
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hyperthermic apparatuses having rigorously controlled physical parameters 
of treatment. Technological improvements can offer some possibility of 
increasing the number of patients treatable with hyperthermia. Compact 
radiative applicators working around 100 MHz are presently under 
development and they should be made ready for clinical use in the near 
future. 
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INTRODUCTION 

For regional deep heating a number of non-invasive electromagnetic 
devices have been developed using either quasi-static or radiative 
methods to transfer the energy to the patient. They comprise the Annular 
phased array (AA), capacitive systems, magnetic coils, coaxial - and 
ridged waveguide systems. Generally the devices with a circumferential E
field are expected to be more favorable to obtain deep heating. However, 
current experience (1,2,3,7,9,11,12,15,19,20) indicates that there is no 
system available yet, which is able to induce adequate heating at all 
tumor locations in depth. Therefore continuation of development and 
clinical evaluation of the prototype systems is necessary in order to 
obtain a range of "site specific" hyperthermia systems. 
An advantage of radiofrequency (RF) capacitive heating systems over other 
deep heating devices is their simplicity and easiness to handle. Due to 
the relatively small applicators used, good access to the patient during 
treatment is provided and the whole applicator set-up causes no systemic 
stress. Well-known disadvantages of RF capacitive systems are: excessive 
heating at the edges of the electrodes and preferential heating of the 
subcutaneous fat tissue. However, with better designed applicators and by 
choosing the proper size of the plates in relation to the body diameter 
(16) the energy distribution can be improved. The preferential heating of 
the fat layer may be adequately countered (1,7,13) with efficient precool
ing, provided that the fat layer does not exceed a thickness of 2 cm. 
Secondly, the use of the saltwater bolus (1 % NaCI) also minimize the edge 
effects. Under these conditions Japanese researchers (5,7,8,14,21) have 
demonstrated that deep heating with capacitive systems is feasible in 
clinical situations. Temperatures above 42°C at the deepest spot of the 
tumour (>7 cm) c~~ be obtained in about 60 % of the treatments (1,14), 
which seems to be comparable to results as reported (4,6,9,11,12,15,19,20) 
for the AA system. In contrast with the AA the RF capacitive system can be 
used for the treatment of lung tumors. Tachibana et al. (22) reported to 
obtain temperatures of 43°C in lung tumors in 5 out of 6 patients. The 
general conclusions from these investigations is that RF capacitive 
heating may be developed into a valuable hyperthermic method for a number 
of selected situations. As, Japanese patients generally have less subcu
taneous fat than the European or American patients, the limitations of 
this method should, however, be well kept in mind. 

Consensus on Hyperthermia for the J990s 
Edited by H. I. Bicher et al. 
Plenum Press, New York, 1990 
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MATERIAL AND METHODS 

All experiments have been performed with a 13.56 MHz HTM3000P system 
(Tecnomatix, Belgium). This system is equipped with standard, ridged, 
rectangular capacitor plates of 10x10 cm2 , 15x20 cm2 and one multicon
nector plate of 15x20 cm2 ; RF-generator with maximum RF-power output of 
1200 W; automatic impedance tuning device, cold water circuit integrated 
in the applicators; and a continuous temperature measuring system using 
RF-filtered thermocouples. 

Phantom Experiments 
For each applicator configuration the specific absorption rate (SAR) 
distributions were measured in muscle equivalent phantoms' of 40x30 cm2 

and a thickness of 10 or 20 cm. The muscle material used was composed of 
3 W% (weight %) agar, 0.33 W% formaldehyde and 0.32 W% NaCl in deionized 
water. The electrical conductivity is estimated to be 0.6 S/m at 27.12 
MHz (10). The SAR distribution was derived from the temperature distribu
tion, which was measured after 3 minutes of heating with a RF input power 
of 500-900 W. After removing the capacitor plates and splitting the 
phantom, the temperature distribution of the exposed surface was measured 
within 30 seconds after termination of the heating by means of an AGA 
infrared camera interfaced to a personal computer (23). 

Animal experiments 
To test the in-vivo deep heating feasibility of this system the hindquar
ters of pigs were first cooled for 30 minutes at ± SoC. Hereafter RF
heating was administered for 1.5 - 2 hours with the large (15x20 cm2 ) 

capacitor plate electrodes. In total 4 experiments were performed. During 
the who 1 experiment the animals were fully anaesthetized. Temperatures 
were measured either with the thermocouples supplied with the HTM3000P or 
with fiberoptic thermometry systems (TP4 Clinitherm and ASEA fiberoptics, 
FT1110). In each experiment 9 to 12 catheters, insertion length 8 to 15 
cm, were used to acquire temperature information of the surface tissues as 
well as the tissues at a relative depth of 1/4, 1/2 and 3/4 of the total 
thickness. A schematic representation of the experimental set-up is given 
in figure 1. The thermometry probes were pulled back manually through the 
catheters with intervals of 1 cm ("thermal mapping") to obtain information 
on temperature distribution. 

catheters 

Figure 1. 

Schematic representation of the applicator and thermometry set-up during 
heating of the hindquarters of the pig. 
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Figure 2 : 

Relative SAR distribution in the vertical cross-section plane at the 
center of the HTM300 (15x20 cm2 ) capacitor plate electrode. Frequency 
13.56 Mhz; net input power 900 W for 3 minutes; phantom size 30x20 cm2 , 

width 40 cm. 

RESULTS AND DISCUSSION 

Phantom experiments 
For the small capacitor plates the effective treatment area (relative 
SAR>50%) directly below the electrodes equals the plate size (100 cm2 ). 

Although the heating is inhomogeneous with the highest SAR-values located 
at the side opposite to the cable connection, there is no edge effect 
noticeable. The effective treatment area decreased to 75 cm2 and approx. 
35 cm2 at a depth of 2.5 cm and 5 cm respectively; total phantom thickness 
was 10 cm. The SAR measurement for the large applicator (15x20 cm2 ) with a 
phantom thickness of 20 cm showed again: no edge effect and maximum SAR 
values opposite to the cable connection. However, for this applicator the 
effective treatment area is smaller (75%) than the plate size (300 cm2 ). 

Figure 2 shows the SAR distribution in the vertical cross-section at the 
center of these large capacitor plates. The distribution shows that the 
SAR drops rapidly with increasing depth and at the center of the phantom 
the relative SAR is decreased to 30 % of the maximum SAR at the surface. 
No significant difference between a single connector and a multi connector 
applicator was observed. Reduction of the effective treatment area to 30%, 
was noticed when a bad contact between the plate and the phantom exist. In 
the clinical situation this problem can be solved by using a salt water 
bolus bag attached to the applicator. The plastic bolus bag can to some 
extent follow the body contour. 

Animal experiments 
In the first three experiments in the same animal (weight of the pig 
increasing from 35 to 65 kg over time) good deep heating, after 30 
minutes of pre-cooling at 10°C, was obtained easily. The fat thickness 
of the pig was between 8 and 17 mm during experiment 1 and 2 and between 
8 and 25 mm during the third experiment. Figures 3 and 4 give the tempera
ture-time profile at different sensor depths located at the central axis 
between both capacitor plates, for the .first and third experiment 
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Figure 3. Temperature-time profile, for the first pig experiment, at the 
catheters 1, 2, 3 and 4. 
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Figure 4. Temperature-time profile, for the third pig experiment, at the 
catheters 1, 2, 3 and 4. 

respectively. In the first experiment (figure 3), animal weight only 35 
kg, the superficial temperatures remained much lower then those in the 
third experiment (figure 4), where the animal weighed 65 kg. In all three 
experiments a large volume at depth could be heated to therapeutic 
temperatures (T>42 °C). Toxicity was minor to the superficial tissues 
directly below the electrodes illustrating the effect of skin-cooling. 
Second degree burns developed during two experiments at the skin between 
both hindlegs. Development of these burns could be prevented by placing an 
additional salt water bolus between the legs. 
The fourth animal experiment was less successful. In this pig it was not 
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possible to induce a symmetric temperature increase at the lower and 
upper capacitor plate. A large third degree burn developed below the 
upper capacitor plate, caused by the high temperatures, 46°C for approx. 
1-1.5 hours, at this location. The temperatures at the other side (the 
side on which the animal was lying) were much lower and reached about 44 
°c for the same time. It was observed that the burns started at the site 
of catheter insertion below the electrode and continued along the track of 
the catheters within the subcutaneous fat. 

CONCLUSIONS 

The HTM3000P system using standard rectangular capacitor plate electrodes 
with skin-cooling to 10-15 °c is able to induce deep pelvic heating in 
pigs with a fat layer of 1 to 2 cm. The third degree burn which developed 
during the fourth animal experiment is a direct result of the high muscle 
temperature 46°C during 1.5 hour. This high temperature in the upper 
hindquarter may have been caused by the superficial catheters. The
better conducting fluid cylinder around the catheter track may have 
formed a short circuit for the RF energy through the fat tissue resulting 
in a higher energy deposition around these catheters. 
Our clinical data, to be published elsewhere, are, however in contrast 
with these animal data. Despite extensive cooling of the skin and subcuta
neous fat to 10-15 °c for a period of 30 minutes, it was not possible to 
reproducibly induce deep therapeutic heating within pelvic tumours with 
the prototype HTM3000P system. Although all six patients treated had a fat 
thickness of less than 2 cm the increase of tumor temperature at depth was 
limited by high temperatures at the fat-muscle interface and did not reach 
therapeutic levels. 
In order to obtain improved cooling 
cooling unit with a better water 
higher flow rates within the bolus 
Tecnomatix. 

of the superficial tissues a new 
bolus, lower water temperatures and 
is presently being developed by 
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FOUR ELEMENT COMPUTER CONTROLLED 432 MHz PHASED ARRAY HYPERTHERMIA SYSTEM 

INTRODUCTION 

N.K. Uzunoglu, K.S. Nikita and N. Maratos 

National Technical University of Athens 
Department of Electrical Engineering 
Athens 106 82, Greece 

A phased array hyperthermia system using four applicators has been 
developed to treat tumors at mid-depths from the body surface. The ope
ration frequency is -432 MHz. The system consists of four independent 
but otherwise fully coherent channels. The applicators are water loaded 
wavegUide cavities of 2.9 X 5.8 cm 2 aperture. In order to model the sy
stem and to operate it as a phased array system electromagnetic and opti
mization theory techniques have been used. 

The phased array system consists of three sub-units: 
a) Coherent signal generator 
b) Amplifier unit 
c) Computer system 

The system block diagram is shown in Fig. 1. The four coherent sig
nals are generated at 28 MHz. The output of a master oscillator operating 
at 28 MHz is divided into four channels each one introducting a digital 
phase (4 bit) and amplitude (3 bit). These digital phase and amplitude 
values are controlled by a software program developed on a personal com
puter. The phase shifters are realised by employing coaxial lines while 
"-type resistive networks are employed for attenuators in conjuction 
with electromechanical relays. After setting the phases and amplitudes 
on each channel the four Signals are up-converted to 432 MHz by employing 
mixing circuits, Then each signal is amplified up to 50 /II and driven 
to each applicator to illuminate the tissue medium to be heated. The 
incident and reflected wave amplitudes are monitored on a continuous 
basis. The applicators are of water loaded type open waveguides described 
in detail in Ref. [1]. Indirect cooling is employed to lower the tempera
ture and to protect the skin. 

PREDICTION OF THE SYSTEM OPERATION 

For quality assurance and treatment planning purposes analytical 
techniques have been employed concerning: 

a) the prediction of the power depoSition from the four array elements. 
b) temperature distributions within the tissue medium 
c) optimal control of the phase and amplitudes. 
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In treating the electromagnetic problem to predict the power deposi
tion of applicators the canonical problem of the radiation from an open 
aperture waveguide towards a stratified planar layered medium is solved 
rigorously. Then an approximate superposition principle is employed to 
compute the electromagnetic field inside tissues subject to the illumina
tion of more than one applicators. 

In computing the steady-state temperature distributions a Green's 
function theory is employed. To this end the temperature at an arbitrary 
point £ inside the tissue medium to be heated is determined to be 

T(lj 
4 4 

(J 

Tb+Z.X X 
1.=1 j=l 

f ~ f r r/£,f )Q(;;~i) .Q*(f/r:..:].)df 
T1.ssue 
volume 

BLOCK DIAGRAM OF THE PHASED ARRAY SYSTEM 

Fig. 1. 

(1) 

where (J is the tissue electric conductivity, Tb = 370 C is the normal hu
man body temperature, ~ and ¢. (i=1,2,3,4) are the amplitude and phase 
of the i'th array element respebtively, rri£'P.> is the thermal Green's 
function and G(£l'£2) is the electric field at the point £1 due to an ap
plicators its center being at £2' Defining the system vectors 

p [Ip l' ~, ;p;, Ip 4JT (2) 

¢ [¢1' ¢2' ¢3JT (3) 
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with ~4 = 0 (reference phase) and A(L'¢) being a 4 x 4 matrix eq. (1) can 
be rewritten as follows 

(4) 

Based on eq. (4) we formulate the following optimization problem for 
selecting power and phase to the i'th antenna: 

m _ _ 2 
{ ~ (T(~ .,P,~)-TO) : T(~k'P,i» < T1 , 
j=l J 

k = m+1, ••• ,M} (5) min 
p.i> 

Where points Lj' j = 1, ••• ,m lie inside and points ~k' k = m+1, ••• ,M lie 
outside the tumor area, To is the target temperature inside the tumor and 
T1 is an upper bound for the temperature outside the tumor region. 

The optimization problem is solved by the penalty function method: 

Unconstrained minimization of the penal ty function. is carried out 
by a stabilized Newton method. Small violations of the constraints 
T(~k'P,~) ~ T1 of the original problem may be considered tolerable, 

therefore the penalty parameter p need not be increased to very high va
lues. 
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RESULTS OF DEEP BODY HYPERTHERMIA 

WITH LARGE WAVEGUIDE RADIATORS 

I NTRODUCTI ON 

Jan D.P. van Dijk, Christoph Schneider, Rob van Os, 
Leo E.C.M. Blank and Dionisio G. Gonzalez 

Department of Radiotherapy, Academisch Medisch Centrum 
Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands 

The purpose of this report is to present results of work in progress 
on hyperthermia treatment planning and clinical application of a four
applicator phased array hyperthermia system for heating of large and deep
seated tumors. 

MATERIAL AND METHODS 
Apparatus 

The basis of the system is a home-build four aperture array system of 
large water-loaded waveguide radiators excited in the TElO mode and 
operating at a frequency of 70 MHz. The aperture size of each applicator 
is 20x34 cm. Three applicators have been placed inside a supporting frame 
and the fourth has been installed under a motorized patient support coach. 
Figure 1. shows a patient in position within the apparatus. Four waterbo
luses are necessary between the patient and the applicators. The waterbo
lus upon the lower applicator is closed and fits inside the mattress of the 
coach, the other three are open and hanging below the upper, and in front 
of the lateral applicators. In the beginning of the treatment the 
support i ng frame is moved to one side of the coach and the pat i ent can 
easily be positioned on the waterbolus on top of the coach. At this stage 
the position of the thermometry catheters with respect to the applicator 
can be checked by radiography. The supporting frame can subsequently be 
moved over the patient and the tabletop with patient is axially shifted and 
lifted until the patient makes an optimal contact with the upper bolus. 
Then the lateral applicators are moved inwards until proper contact is made 
with the sides of the patient. The four boluses can be chilled or warmed 
by circulating the water through heat exchangers, which are under thermo
static control. 

The 70 MHz RF system consists of a four-channel generator feeding four 
power amplifiers (Henry Radio), which can deliver a maximum power of 500 
W each. The waveguide radiators are matched to the amplifiers by double 
slug tuners. By changing the relative amplitude and phasing, it is possible 
to steer the heating pattern to a certain extent. Phase shifts have been 
realized by changing lengths of cable. 
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Fig. 1. The clinical setup of the four aperture array system 

Treatment-planning 

Extensive simulations of energy depositions in rectangular and el
liptical phantoms have been performed with a 2d- computational model (1). 
The software has been recently installed on an IBM PS/2 model-80. 
Temperature- and E-field measurements have been performed within the above 
mentioned phantoms. An early comparison of measured and calculated data for 
the rectangular phantom showed a good overall agreement, provided attention 
was given in the calculation matrix to reflections at the applicator 
apertures. Good results with the calculations have been obtained if a layer 
of 4 cm of water behi nd the 'app 1 i cator 1 i ne I was taken into account. 
Besides some enhancement of the E-field in the forward direction, the whole 
interaction pattern fitted better the experimental results (2). The pre
treatment calculations, based on CT-information of actual patients, 
indicate good possibilities for obtaining an optimal heat absorption 
pattern which depend on a proper choice of position, amplitude and phase 
of each applicator. 

Clinical methods 

From september 1987 through september 1988, 26 patients were treated 
with mainly two opposite waveguide radiators. These patients had large 
tumours in the abdomen/pelvis (17), groin (2), mamma (5) or extremities 
(2). The treatment of the breast was made possible due to the relatively 
short axial length of the aperture of 20 cm. Patient characteristics are 
shown in tabel 1. All patients had histological confirmation of advanced, 
recurrent, or persistent malignant tumors with or without the presence of 
metastatic disease. Heat treatments were scheduled once weekly for a 
maximum of five treatment sessions. Continuous temperature monitoring was 
accomplished by placing one or more catheters into the tumor. Additional 
catheters were placed into the rectum, bladder, and vagina, in the case 
of pelvic treatments. Intratumoral temperatures were registered by multi
sensor thermocouple probes. Maximum, minimum and median values of the 
temperature within the target area were averaged for each patient over the 
actual given number of sessions. The Thermal Isoeffect Dose has been calcu
lated as the number of equivalent minutes at 43°C (3). 
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Table 1. Patient characteristics 
Sex: Male 10 Age: Median 65 years 

Female 16 Range (32-87) 
26 

Performance: PA: adena care 15 
WIIO Scale-O 10 melanoma 3 

-1 6 sq c care 3 
-2 8 so t sare 1 
-3 2 other 4 

Treatment localization: 'l'umor voluma: 
abd/pelvia 17 median 400cm3 
groin 2 range (125-1000) 
mamma. 5 
extremity 2 

Prior therapy: New total RT dose: 
no therapy 6 with prior RT 10-30 Gy 
surgery 8 no prior RT: 
radiotherapy abd/pelvis 60-68 Gy 
Burg. + radioth. 5 melanoma 24-27 Gy 
Burg. + chemoth. 3 mamma 70 Gy 

RESULTS 

Hyperthermia planning 

In figure 2. calculated energy depositions are shown for a typical 
patient with a rectum tumor treated by two opposite applicators. The 
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Fig. 2. Calculated energy distribution: effect of phase delay 
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Table 2. Thermometry of A) abdomen/pelvic and B) breast cancer 
patients 

A} Pat Nr of Nr of Aver Av.Pow. Nr of Nr of Aver. Aver. Aver. Av.mi n Av.max Av.med Av.med 
nr htses appl. power on time prbs sens Min T HaxT HedT teq43 teq43 teq43 t:T>41 
------------------------------------------------------ ------------------------------------~ 

1 5 2 500 59.6 1 5 40.9 43.0 42.1 1.7 18.7 21.1 28.8 
2 4 2 424 54.8 2 6 40.5 42.1 41.3 0.3 3.9 1.0 2.3 
3 4 2 480 56.5 2 8 40.2 41.7 40.6 0.5 5.4 0.8 0.3 
4 4 2 380 58.8 2 8 41.1 43.6 41.7 1.2 35.8 4.3 25.1 
5 2 2 458 62.5 1 5 39.9 45.4 43.9 0.1 151.0 33.5 47.0 
6 3 2 340 44.0 2 6 39.4 42.3 39.9 0.0 7.5 0.1 0.0 
7 5 2 390 61.8 1 5 42.0 44.5 42.8 3.1 124.1 34.2 52.8 
8 3 4 720 56.0 2 10 41.3 43.2 41.8 6.3 20.2 4.7 26.7 
9 4 4 410 48.0 2 9 40.5 41.0 40.3 0.6 2.0 1.4 11.5 

10 3 2 280 52.3 1 7 41.0 43.4 42.0 1.5 18.5 7.3 21.7 
11 5 2 440 58.6 2 10 39.9 42.6 41.4 0.2 10.1 2.9 5.2 
12 2 2 300 59.5 1 6 41.6 42.0 41.9 1.6 5.8 4.2 32.3 
13 5 2 300 47.6 1 5 39.0 39.7 39.4 0.0 0.2 0.1 0.0 
14 3 2 250 62.0 1 5 39.9 41.0 40.3 0.5 1.5 0.7 0.0 
15 4 2 340 60.3 1 5 40.3 40.8 40.5 1.8 3.4 2.6 11.8 
16 5 2 340 57.0 1 5 40.8 41.3 41.0 0.8 1.1 1.2 5.2 
17 5 2 230 49.6 1 4 39.7 40.7 40.1 0.5 1.6 1.1 5.9 

-------------------------------------------------------------------------------------------
Nr pat. s: AVG 387 55.8 1 6 40.5 42.2 41.2 1.2 24.2 7.1 16.3 

17 STD 113 5.4 0 2 0.8 1.4 1.1 1.5 42.6 10.9 16.3 
Nr sess: MAX 720 62.5 2 10 42.0 45.4 43.9 6.3 151.0 34.2 52.8 

66 MIN 230 44.0 1 4 39.0 39.7 39.4 0.0 0.2 0.1 0.0 

B} Pat Nr of Nr of Aver Av.Pow. Nr of Nr of Aver. Aver. Aver. Av.min Av.max Av.med Av.med 
nr htses appl. power on time prbs sens Min T HaxT HedT teq43 teq43 teq43 t: T>41 
-------------------------------------------------------------------------------------------

1 1 2 345 62.0 2 6 38.7 43.3 41.0 0.0 28.6 1.1 8.0 
2 5 2 320 56.0 2 9 40.5 43.6 42.0 0.6 27.1 5.5 28.8 
3 5 2 280 59.4 1 7 40.4 44.6 43.0 1.7 102.1 35.0 49.8 
4 5 2 280 61.8 2 7 38.4 43.3 40.5 0.0 27.7 0.9 8.0 
5 5 2 330 61.6 2 11 39.6 43.0 41.0 0.5 32.4 4.4 18.4 

-------------------------------------------------------------------------------------------
Nr pat. s: AVG 311 60.2 2 8 39.5 43.5 41.5 0.5 43.6 9.4 22.6 

5 STD 27 2.3 0 2 0.9 0.6 0.9 0.6 29.3 12.9 15.6 
Nr sess: MAX 345 62.0 2 11 40.5 44.6 43.0 1.7 102.1 35.0 49.8 

21 MIN 280 56.0 1 6 38.4 43.0 40.5 0.0 27.1 0.9 8.0 

amplitude distribution along the two applicator lines has been assumed to 
be cosine shaped. The calculations indicate an improvement of percentage 
values for the SAR contour surrounding the tumor from 50 to 62.5 % with the 
app 1 i cati on of a phase delay of 50 degr. for the upper app 1 i cator as 
compared with the situation of equal phases for both. 

Temperatures Achieved 

In table 2. the thermometry results are shown of 17 abdomen/pelvic 
and 5 breast cancer patients treated mainly with two opposite applicators. 
In 10/17 patients with tumours in the abdomen/pelvis, an average maximum 
temperature was achieved of 42°C or higher. The median time averaged over 
the actual given treatment sessions with all sensors within the tumor above 
41 C ranged between 0 and 53 min, with a mean of 16 min. The mean of the 
average minimum temperatures was 40.5 ± 0.8 °C. In this group of patients 
we obtained only a rough idea about the effect of phase steering, but it 
was not applied in a controlled way. On the contrary, looking back we 
assume that for some patients (from nr 12 and higher) there was no optimal 
phase relation adjusted between the antennae. Applications with two 
oppos ite wavegu ide radi ators did not gi ve matchi ng problems, however, 
measurements with all four radiators were hindered by reflections due to 
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mutual coupling. In a few of the pelvic cancer patients we tried to use the 
1 atera 1 app 1 i cators in add i ti on to the upper and lower antennae. The 
resu lts were not encouragi ng. A s i gnifi cant increase in temperature in 
centrally localized tumors was not observed. Further study of the phase 
problem might give better results. In all breast cancer patients average 
maximum temperatures were achieved of 43°C or higher. However, the average 
minimum temperatures were relatively low (mean: 39.S DC). These low 
temperatures were reached near the surface, since it appeared to be 
difficult to heat tissue layers near the surface and at depth at the same 
time. This has been attributed to too much skin-cooling, which is required 
for heating at depth. Similar problems were met with heating of large 
tumors in the groin. 

Treatment results 

The number of treatments administered per patient was S for the breast 
cancer patients and ranged from 3 to S for the pelvic cancer patients. The 
average power on time was close to the aimed treatment time of one hour. 
The radiotherapy schemes are shown in table 1. In the abdomen/pelvic cancer 
patients 43 % had pain as the main complaint. In 24 % complete improvement, 
in 43 % mayor to mild improvement and in 24 % no improvement of the main 
complaints has been obtained. Three months after treatment complete 
response was obtained in 3 (14 %), partial response in 3 (14 %) and stable 
disease in 9 (43 %) of the 21 abdomen/pelvic cancer patients. 

DISCUSSION 

The four aperture array hyperthermia system is a loco-regional heating 
device, which has shown potential for the treatment of deep-seated tumors 
in abdomen/pelvis, groin, breast and extremities. However, there is still 
much to be learned, especially about the proper use of all four applicators 
and even about the situation with only two applicators. Much insight in the 
prob 1 em of phase steeri ng has been obtained with the help of computer 
treatment planning calculations of absorbed power patterns. The contribu
tion of the lateral applicators for the pelvic cancer patients has been 
relatively small in effect as compared to the contribution of the anterior 
and the posterior applicator. However, calculations for four applicators 
indicate the possibility of further optimization. The proper use of E-field 
probes and phase measuring equipment is obviously critical in a study such 
as this, and will be further improved in the near future. The early results 
for two app 1 i cators wi th an experimentally controlled phase delay are 
promising. 
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INTRODUCTION 

In this paper we present the results of the experimental examinations of 01lI recent applicaton 
i.e., an applicator based on a cylindrical waveguide for treatment of superficial cancers, and an 
iniIacavital one based on a monopole anienna. 

The practical reaJization of the first of the aforementioned applicators was preceded by a 
thorough analytical study, described in details in [1,2]. As we shall show here, the practical and 
theoretical results are in very good agreement. The applicator employs a TMol electromagnetic 
wave mode which features axial symmetry, and hence the symmetry of radiated. Moreover, TMol 
mode provides a very high utilization of the radiating apedure. These two properties make our 
applicator superior to widely used rectangular waveguides both in the convenience in use and its 
electromagnetic behavior. 

The other of the herein presented applicators is designed for treatment of neoplastic and 
non-neoplastic diseases of a prostaie. Increasingly more demanding treatment requirements yield, 
as U may be observed in literature, increasingly more complex applicator constructions. In 
contrast to this tendency, in this paper we propose quite a simple construction which nonetheless 
provides good electromagnetic properties. Therefore, we shall describe this device in details, in 
order to make its wide use feasible. 

The practical experiments were performed in a standard way, we used a thermographic 
camera[3] to observe the distribution of energy radiated into a mnscle phantom. A special 
minue of agar-agar, lOdium-chloride, waier and alcohol was developed to provide phantom 
with suitable eledromagnetic, thermal and mechanical properties. The radiation timing, and the 
power level were carefully selected to ensure that the thermographic image would closely relect 
the distribution of the dissipated electromagnetic power. 

SUPERFICIAL APPLICATOR 

The practical reaJization of the applicator was preceded by thorough theoretical and numerical 
examinations. The objective of these studies was to evaluaie the eledromagnetic field distribution 
in a tissue model. It was also desirable to predict the existence of edge deds and find the way to 
suppress them, to determine the role of each component of the field, to determine the dependence 
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a) b) 

Figure 1. The superficial a.pplica.tor. a.) General view (cooling system removed). b) The schema.tic 
construciion: A-feeding a.nd ma.tching comallines, B-cylindrical wa.veguide, C-teflon shea.th, 
D,E-cooling a.gent inlet a.nd outlet, F-tefton foil, G-connector, H-pla.stic foil 

of the sha.pe of ra.dia.ted neld on the ra.tio of the a.perture radius to the wa.velength in tissue, a.nd 
hally to compute the a.ntenna. impeda.nce. The results of this study [1,2] were a.pplied in the 
design of the prototype ng.la.. 

The construciion of the a.pplica.tor is sketched in Jig. 1 b. It comp~es a. cylindrical wa.veguide 
section a.nd several sections of comal -lines. The duo-dielectric comal lines serve ma.tching 
purposes a.nd launch the TMol mode into the cylindrical wa.veguide. 

The a.pplica.tor presented here ca.n work a.t three frequencies. However to ensure a. single 
mode opera.tion a.nd proper radia.tion conditions the a.pplica.tor is nIled with double-distilled wa.ter 
when used with 433 MHz e.m. wa.ve, with alcohol a.t 9l5MHz, while a. special teflon ring is inserted 
into the wa.veguide a.t 2450MHI. 

We shall now present distributions of the power dissipa.ted in muscle tissue obta.ined 
by mea.ns of computer simula.tion a.nd compa.re them with experimental results obta.ined in a. 
muscle pha.ntom. First, we shall consider the a.pplica.tor working with 433 Mhz wa.ve. The 
results of computer computa.tions a.re ploUed in ng.2a, while the thermographic image of the 
same configuration is presented in ng.2b. In both figures we take into consideration a cross
section pa.rallel to the symmetry axis. The close resembla.nce of both figures is evident. The 
electromagnetic power is a.bsorbed ma.inly along the symmetry axis. This is because a.t this 
frequency the dominating field component is E.[l]. In fig.2c we present the thermal image of the 
pha.ntom surface (a pla.ne perpendicula.r to the symmetry axis). Though the symmetry of the 
absorbed power is not perfect (owing to not fully homogeneous pha.ntom struciure), the ngure 
connrms the TMo1-mode nature of the excited electromagnetic field. 

In ngs.2d,2e,2f we illustra.te the behavior of the radiator a.t 2450MHz frequency. Aga.in 
the theoretical - ng.2d, a.nd practical - ng.2e results tum out to be in good agreement. Note 
however, tha.t on the contra.ry to 433MHz case, the a.bsorbed power is now concentrated a.t a. 
certain dista.nce from the symmetry axis. This is well illustrated in ng.2f a.nd results from Er 
field component domination in shaping of the radiated field a.t this frequency [2]. In [2] we ha.ve 
shown that working with 2450MHz is adva.ntageous when the applicator is sepa.rated from the 
muscle-like tumour by a fat layer. 

The most homogeneous distribution of the radiated power a.nd the best utilization of 
applica.tor aperture may be obta.ined at 915MHz. The results of computer simulation at this 
frequency a.re dra.wn in ng.3. Up to now, we have no experimental data. for this frequency, yet 
the experience ga.ined during work with previous two frequencies let as assume that also in this 
case the theoretical da.ta. give us a. good prediction. It is worth noticing that in all three cases we 
have obta.ined a very good utilization of the aperture. 
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Figure 2. Thermal chara.cteristics of superficial applicator radiating into muscle tissue. a), b), 
c) - at 433MHI; d), e), f) at 2450MHI. a),d) results from computer simulation - normalised 
distribution of absorbed power (0'IEI2); a - applicator radius, r - distance from the symmetry axis. 
b), c), e), f) - thermographic images: b), e) same crou-section as in a) and b) respectively; c), f) 
thermal images of the phantom surfa.ce. Note: The ligMer the area, the higher the temperature, 
except for inner black areas which have the highest temperature. 
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Figure 3. Normalised distribution of absorbed power (0'IEI2) in muscle tissue at 915MHI -
computer simulation. Other parameters as in ig.2. 
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INTB.A.URETBB.A.L APPLICATOR 

The intraurethral applicator (fig.G) desiped to work at 2450MHs, h .. the form of a 230mm long 
cylinder with a step diameter discontinuity ad a typical microwave SMA connector at one end. 
The overall construction is stiff ad coated with tdon. 

The thinner cylinder is destined to be introduced into a prostate. It comprises two sections: 
the fint 40mm forms a active, radiating area, the remaining 20mm, which may be slightly bend, 
simplify the insertion procedure. 

The dimensions quoted above results from medical rather tha tecbical requirements ~d 
tha may be slightly varied to meet particUar demuda. In order to localise the applicator in 
the proper place of the prostate one aeeds to perform a through-rectum palpation to bd the 
position of the diameten step (lee fig.4). 

It is worth noticing that a large proportion of the thick part of the applicator is surouded 
by louy biological tissue. We took uvat. from this fact to simplify the construction -

ft.Omrn 20mrn 

Figure 4. Simplified construction of the intraurethral applicator: I-teton insulation, 2-SMA 
CODDector, 3-radiating monopole, 4-feeding line outer conductor 

we resigned from complicated circuits uecI in short, rectal applicaton [5] where they were 
indilpensible, since they cut waves excited on enemalsurfaces of feediag lines, ad were ued for 
matching. Instead we connected the feeding line ad the monopole with a section oflOW' impedace 
line about 1./2 long - fi8.4. This he serves two purposes. First, it stiffens the construction ad 
prevents it from a accidental bendiq at the begiJming of the monopole. Secondly, it enables 
circuit matching, since a minute change oflength ofsuch a section results in a large tr&Dlformation 
of the imaginary ad only a slight one of the real part of the impeclace with whid the line is 
terminated. Tha, the normalised impeclace of the monopole in a excitation plue need only 
have the real part close to the unity, with tile imaginary part being almost arbitrary. 

Tlte equivalent circuit observed from the plue of the monopole excitation is drawn in fig.5. 
ne radiation impeclace is a sum of radiation impedaces of the monopole ad of the surface of 
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the feeding line - ZB. Since the power launched ~ the monopole is ~ be substantially higher than 
that radiaUng from the surf&ce of the feeding line, the real part of ZB must exceed 1le{ZA}. Both 
ZB and ZA CILJl be easily found using the theory developed by King[(]. For example, if we .. ume 
a=7mm we have from King's theory ZA=O.25-;O.l( for h. > 3Omm. Therefore, almoat enUre 
power excited on the erlernal surface of the feeding line would be aUenua~ on ~e distlLJlce 

8 
mfT}' 

" 

Figure 5. Equivalent circuit ohhe intraurethrai applicator: Z&.-normalir;ed radiation impedance, 
ZA-radiation impedance of the feeding line outer condudor, h.-ib length, a-its diameter; ZB
radiation impedance of the monopole of length hb and diameter b. 

Figure 6. Intraurethral applicator . Figure 7. Thermographic images of intrau
rethral applicator in a muscle phantom. Ar
rows mark the monopole. 

shorter t)a ... 3Omm. To have the system matched w~ require 1le{ZB}=O.75, which can be easily 
achieved putting hB=4Omm and b=3mm. 

In fig.8 we present the theoretical and mea,sured frequency characteristics of the refection 
coefficient of the applicator. These results confirm the appropriateness of the analytical approach 
which we have applied. 

The results of thermographic experiments are shown in fig. 7. Two allOWS were used to mark 
the monopole. It is clearly visible that the radiation from the extemal suria.ce of the feeding line 
(outside the left arrow) is sufficiently small. 
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Figure 8. Theoretical a.nd measured char
acteristics of relection coefficient. of t.he in
trauret.hral applicat.or. 

T 
45 0 

"1 0 

~O,~~--~----+----~~--~~ 

Figure 9: Temperat.ure versus dist.ance from 
monopole axis measured during experiment. 
on a dog. 

Final experiments were carried out. on a dog. The laparot.omy was performed followed by 
incision of the urine bladder t.hrough which t.he applicat.or was inserted int.o t.he prost.at.e. Three 
t.hermist.or probes have been placed in t.he prost.at.e alongside t.he radiating area and at. Imm 
distance from t.he applicat.or surla.ce. Seven wat.s of electromagnetic power were applied. Once 
t.he t.hermal conditions became st.abilised (aft.er about 10 min.) we started to withdraw one of 
t.he probes in order to measure the radial temperature dist.ribut.ion. The resulu depicted in ig.9 
indicate relatively deep penetration of applied power. 

CONCLUSION 

The results of t.he experimental test of the superficial applicator which we have presented, 
encourage us t.o proceed t.o t.he clinical st.age of investigations. We are also preparing experimenu 
at 915MHz where the resulis of the numeric modelling were most. promising. 

The intrauret.hral applicator is already being clinically t.ested. We are also preparing its 
flexible version wit.h a special device for facilit.ation of t.he proper localizat.ion in a prost.ate. 
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TRIPAS : A TRIAPPLICATOR SYSTEM WITH RELOCATABLE 'HOT SPOT' 
AT TISSUE DEPTH 

ABSTRACT 

Haim I. Bicher, Samuel A. Afuwape, 
Ralph S. Wolfstein, Duane F. Bruley, 
and Kenneth Reesman 

Valley Cancer Institute, Panorama City, CA 91402 

Solving the problem of heat focusing and standardization 
of the clinical application of hyperthermia requires a 
mathematical prediction model. The model should include the 
medium constitutive parameter, and be able to predict 
positioning of the microwave applicators to optimize 
treatment plann~ng and provide for reproducible treatment 
set-up. We present a configuration of 3 applicators 
subtended by an equilateral triangle in order to target and 
relocate a 'hot spot' for improved treatment of deep tumors. 
A simple geometric analysis is illustrated. The microwave 
beam absorption profile, from the three power sources, was 
obtained from phantom studies depicting the radiative heat 
pattern for the triapplicator system (TRIPAS). A complex 
mathematical model was developed to demonstrate interaction 
of the beams in the medium. 

It was observed empirically that under coherent 
propagation in the near field electromagnetic (EM) waves 
tend to add at the center, while varying the propagation 
axial focal length caused a relocation of tbe summing focal 
points. 

Mathematical prediction correlated very well with the 
phantom studies. SAR values above 100 W/kg were achieved at 
12.5 cm phantom depth, creating a relocatable 'hot spot' at 
the concentric foci of the 3 air cooled horn microwave 
applicators operating at 300 MHz. 
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I NTRODUCT I ON 
The problem of microwave deep heating has been 

ex~ensively analyzed by several authors (Andersen 1984, 
Johnson et al. 1985, and Turner and Kumar 1982). Although 
some devices are available for regional deep hyperthermia 
applied to different areas of the body, the problem of 
insufficient ener~y penetration persists. Heretofore this 
has been only partially solved by multiple phased array 
applicator configurations (Bach Anderson 1984, Gee et al. 
198 11 , Samulski et al. 1987 and Sato et al. 1986). The 
rationale behind these techniques is the in-phase, coherent 
addition of electromagnetic (EM) energy from several 
strategically located sources. The selection of a source 
freouency lower than 300 MHz theoretically enhances deeper 
penetration while paradoxically limiting localization of the 
energy to a defined tumor volume. In prior publications 
Bicher et a l .1979,1980, 1982, 1984, 1985, 1986) we have 
described the use of single or parallel opposed (POPAS) 300 
MHz air cooled dielectric loaded microwave applicators. The 
purpose of this paper is to define the characteristics, 
mathematical rationale and the penetration of EM energy of a 
triapolicator system (TRJPAS) focused on a deep target in 
muscle phartom experiments. A mathematical model is 
presented based on synthesizing EM waves propagated in the 
biomedium, using its constitutive parameters, the incident 
energy and effective wavelength to predict and graohically 
demonstrate the convergent 'hot spot', and to relocate the 
tarqet within the concentric confiquration of the three 
applicators. ' 

MATERIALS AND METHODS 
Devlce Construction 

The TRIPAS system 2* is based on the use of three air 
COOled dielectric loaded applicators, 20x22 cm in aperture, 
which have been previously described (Bicher et al 1985). 
The system operates at 300 MHz, and is driven by fixed 
frequency generator capable of output of up to 1000 watts. 
The three applicators are mounted on a graduated circular 
stand (see Figure 1) by the use of movable brackets. This 
allows the applicators to be placed in clos~ proximity to 
the skin overlying the target area in a convergent fashion. 
The applicators are attached to brackets by universal ball 
jOints, which allow angling to conform to the body surface. 

~ vitro Experiments 
In vitro experiments were conducted by placing 

apolicators on the three sides of an equilateral triangular 
phantom box built of plexiglass, measuring 41.5 cm per side. 
The applicators were placed flush against each side, with 
aperture focal points converging at the center of the 
triangle. 

2* 
Equipment supplied by HBCI Medical Group, Inc., 14427 Chase 
Street #203 Panorama City, Ca 91402 USA 
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Figure 1. TRIPAS Applicator Stand 
Construction of TRIPAS system. Note graded stand supporting 
3 concentric relocatable air cooled horn applicators. For 
explanation see text. 
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The distance from the center of the triangle to the mid
point of each aperture was 12.5 cm. The phantom was split in 
a plane perpendicular to one applicator, to allow placement 
of microthermocouples and liquid crystal thermochromic paper 
(LCP) between the applicators (see Figure 2). Changes in the 
color of the thermochromic sheet indicated the thermal field 
and point of wave convergence. Colors ranged from black (22 
C) throuoh red to blue t30 C), makin~ he~t field pattern 
clearly - discernible. The composition of the muscle 
equivalent r~antom material was that tabulated by Stuchly 
and Stuchly (1980), having a dielectric constant of 50-58 
F/m and conductivity of 0.909-0.952 S/m at 300 MHz. 

SAR Determination 

Determination of the power deposition pattern within the 
phantom involved monitoring 27 precisely positioned 
microthermocouples in rectangular matrix on the LCP. The 
triangular split phantom was used to place sensoring devices 
in the central plane, normal to one of the three radiating 
apertures. The LCP gave the additional advantage of an 
overall picture of the heat pattern induced. The specific 
absorption rate (SAR) from e~ch sensor was determined using 
the formula: SAR = 4184*c* (aT/~t ) W/kg [17,18J, where c 
is the soecific heat capacity of muscle tissue phantom (0.86 
cal/qm/deg. C), T is the rise in temperature above 
normalized temperature (deg. C), and t is the period of time 
the volume was exposed to the microwave energy. The 
microwave field was applied to the phantom for 60 seconds 
prior to each reading. Peak temperature changes induced were 
2.6 deg.C at 4cm depth, 0.7 deg C at 8cm depth, and 1.8 deg 
at the summation point 12.5cm deep. A longer duration of 
exposure to the microwave field was required to provide the 
thermocontours simulated in Figure 2. 

Model Derivation 

The complex propagation constant of EM energy in a 
medium is readily derivable from hyperbolic wave (Helmholtz) 
equations using Maxwell's fundamental wave equation; 

'1 x f i wf-l H ............ 1) 

y x H = (cr + i w}J- f .••.......•• 2 ) 

for a stratified heterogeneous 
constant) _-
V"'7x.E-~VC'7·E}-V.VE -;: 

medium (single propagation 

L/'L}-t w to-, LWE)E •.••••..••.•...•. 3) 

from Maxwell's continuity law: 
--

VE ~O • ••••.....•.•.•.• 4) 

L V'- ~")E>C, 
C -i-::: u- ~/(,\....l- L l.l'~"_ u- • •••••••••••..••• 5) 

• •••••••••••••••• I) ) 
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APPLI CA TOR 112 

I APPLICATOR N3 

(0 

l 
APPLICATOR I' 

• Significantly Hea e':! Areas 

Figure 2. TRIPAS - Muscle Phantom Heating Pattern 
Positioning of the applicators for a typical measurement of 
temperature increment using thermochromic paper. Note the 
high intensity thermal field in front of each applicator, at 
the central convergent area and within a circle of positive 
interference surrounding it. 
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Eo.(5) specifies the wave equation while Eq.(6) specifies 
the complex propagation constant. The general solution of 
Eq.(5) for a homogeneous case is given: 

Ey = Ae"( -tz) + Re (~z) ••.......••...• 7) 

for both forward and backward propagation on z-axis, where A 
and R are constants described by the medium and excitation 
characteristics. The complex propagation constant, Eo.(6), 
can be broken down into its real and imaginary parts 

t5 =OC+ iP •..•....•••.... 8) 

whereoc (alpha) describes the attenuation factor, expressed 
in terms of the medium's constitutive parameters: 

w~t/ 2) 1/2 [((1 + (0 /E w)" 2)'" 1/2 - 1)"1/2 ...... 9) 

a.nd wherefl (beta) describes the phase factor, expressed in 
terms of the medium's constitutive parameters: 

= wJ.u.f!2( 1/2[((1 + Uf/f. w)"'2)"" 1/2 + 1)"1/2J ••...... 10) 

A harmonically excited, linearly polarized plane wave 
traveling in a medium or media with known constitutive 
parameters can be described. 

. ..................... 11 ) 

Thus precomputing Eq. (9) and Eq. (10) respectively,Ea. 
(11) can be easily computed and graphically simulated. 

Plane Wave Interactive Simulation --- ---
The predict.ion of the spatial heating effect on deep 

seated neoplastic tissue is mathematically tractable, and 
can be deduced from Ea.(ll). It is well established that a 
radiating source is most efficient when the physical 
parmeters of its aperture are comparable to the wavelength 
of the source being used (Guy et a1. 1974). Thus, the 
structure of the applicator and the source wavelength 
dictate in part, the distribution of an EM field profile. 
Studying the behavior of a plane wave in an excited medium 
with its characteristic complex propagation constant, does 
produce observable interaction of electromaqnetic waves 
within KD the medium (Guy 1971), Kantor and Cetas 1977). The 
selection of these variables as shown by this Simulation, 
depicts its potential value in understanding electromagnetic 
interaction with biological media. This is further enhanced 
by the use of 3D graphical analysis. For an approximate 
linearly polarized plane wave, an axial E-field could be 

written : 

Er (1/( ~ r) + 1/( () r('2 + 1/(2$ rl"3 + 
! / (<5 r) " n) eo"( - '6 r) ........... 12 ) 
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where r is written in rectangular coordinate system: 
2 2 2 1/2 

r = ((x-x') + (y-y') + (z-z')) ............... 13) 

and where n is an integer. 

2.6. TRIPAS 
Three applicators are configured around an encircled 

eouilatera l triangle to target and relocate the calculated 
'hot spot' in order to achieve significant heating in the 
clinically desired area. Simulation of the analytical 
solution, Eo. (11), for the plane electromagnetic wave 
propagated in the medium is then implemented. 
The rationale behind the desian of TRIPAS is not different 
from the theory of wire antennae. Applicator apertures are 
considered as planar collections of small electric ( or 
magnetic) dipoles, each of which radiates complex energy 
waveforms as the source to impinge on the tissup 
individuallv. A monotone excitation is modelled in the 
biomedium ;lane by convoluting ( superimposing) plane wave 
solutions on a surface expressions: 

Ey = Er. P"'(-CG (x1\2 + y"t)r"1/2.eA (- (x1\2 + /'2) 1/2) 
.cos(6.238(xI\2 + yI\2Y'1/2/) ................. 14) 

(see notation for definition parameter). 
It is presupposed that small electric (or magnetic) 

dipoles radiate complex energy waveforms, the energy 
contributions of which are spatially superimposed and summed 
over individual contributions at the point where they meet 
in the biomedium when in phase, while negating each other 
when out of phase. 

TRIPAS Analysis 

Assumptions 
1) A convergent linearly polarized beam axially propagates 

on the positive z-axis from a strategically located 
source. 

2) Each beam simulates the characteristic excitation and 
the medium's complex propagation constant. 

3) Heterogeneous layers are stratified to homogeneous 
layers to enhance paractica l single parametric values for 
the medium dielectric constant and conductivity. 

4) Each applicator 
absorption is enhanced 
in Rayleigh reginn 
( Kritikos et al. 1976 

is designed for 300 MHz, EM energy 
by electrical dipoles characteristics 

(jJ R < 2D7/tt?H.)). 

5) A muscle phantom with dimensions consistent with the 
effective wavelength of 300 MHz is selected to enhance 
constructive interference. (This is derived from Nilsson, 
P. et al 1985. 
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Figure 3 shows the simplified analytical geometry which 
illustrates the convergence of the beams from three dipoles 
on the vertices of an eauilateral triangle. The point of 
maximum sum~ation, or the point of minimum substration, is 
located at the center of an encircled equilateral triangle 
resulting from the three tangential dipoles (Figure 3, case 
1). Assuming the point of convergence as the aperture focal 
point (R) in the medium, R is selected to be proportional to 
the effective wavelength of the medium to meet Rayleigh 
region such as: 

R <. Ol- /I\d+ 
Target Relocation 

............................. 15 

The relocation of the target 'hot spot' is postulated by 
angular tilting of two adjacent apertures so as to display a 
constructive focal point within the quadrants of the circle. 
Figure 3, cases 2 to 4, display theoretical results of 
tilting a pair of adjacent applicators. The tilting angle of 
the pair of adjacent applicators can be derived from simple 
geometrical analysis: 

e ( theta arcsin ( L/R - 1) ................. 16) 
where L is the distance from the third aperture to the 
perpendicular line of adjacent tilted applicators. In other 
words knowing the precise depth of a tumor in a strategical 
preconfiguration of TRIPAS, a constructive interference is 
postulated to give differential heating effect resulting in 
the formation of a 'hot spot. In order to demonstrate the 
feasibility of this postulation, 3D graphic simulations 
and thermographic split muscle phantom experiments were 
implemented as previously described (see 2.1 -2.3). 

Graphic Analyses 

For computer simulation of dipoles plane wave, Eq (14), 
three element sources were located 120 degrees apart around 
a rectanqular co-ordinated circle with its center as the 
origin 
( Figure 3, case 1) Two commercial 3D graphics packages (3*, 
4*) were invoked to implement the computer simulation. A 
fortran 77 routine was written on main-frame to a priori 
compute the and valves, with the medium's 
constitutive parameters: relative permittivity, conductivity 
and the excitation frequency. 

These were passed into the 3D Curve package to generate a 
data file. The flexible Golden Surfer package was invoked to 
produce the 3D output response of the simulations. Selection 
of the co - ordinate system can he obtained from: 

(O,r), (r,-rsin30), (-r, -rsin30) ................. 17) 

3* Curve Three - 0 West Coast Consultants, 4202 Genesee Ave, 
Suite 308, San Diego CA 92117 
4* Surfer Golden Software Inc., 807 14 Street, P.O.Box 281 
Golden CO. 80 402 
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Basic Dipoles Configuration 

Case 1 Case 2 

e 

Case 3 Case 4 

Figure 3. TRIPAS Analysis - Postulated Target Relocation 
Arrows indicate dipoles strategically located around 
encircled eQuilateral triangle. 
Case 1: Dipoles sum their plane - wave contributions at the 
center. 
Case 2: Pair dipoles rotated at their tangential mid 
points by theta to enhance relocation of summation 
point (target) at the RHS of circular segment. 
Case 3. Pair dipoles rotated at their tangential mid - point 
by theta to enhance relocation of summation point 
(target) at the Bottom circular segment. 
Case 4. Pair dipoles rotated at their tangential mid 
points by theta to enhance relocation of summation 
point (target) at the LHS circular segment. 
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Three dipoles circularly located at the above rectangular 
co- ordinates with center (0,0). The valve (r) is matched 
to (R), the axial focal length, though (r) can be 
arbitrarily selected. Each co - ordinate goes into Eq. 4, 
respectivel.y 

- " A "" Ey = Er.e ( -oc ~(x-O) 2 + (y- 12.5) 2) 1/2 
.e ( -(3 ((x-O)A2 + (y- .... 12~5) .... 2)1\1/2 

. cos ( 6 . 283 ( ( x - 0 )" 2 + (y -12.5) 1\2) 1/2/ A..£F .•.•. 18 a) 

Ey = Er.e (-oc::((x+12.5)"2 + (y-6.3)"'2)"1/2) 
. e (-jJ (( x + 12. 5 )1\ 2 + (.)1- 6. 3 )1\ 2)''' 1/2 ) 

Ey 

. cos ( 6 • 2 8 3 ( ( x + 1 2 . 5 ) '" 2 + ( y - 6 . 3 ) '" 1 / 2 / Xcif ) . . . . . . i 8 b ) 

" ( A~'" Er.e (-ex:. ((x-12.5) 2+y-6.3) 'j 1/2) ",A 

.e (-.B((x-12.5t2 + (y-6.3) 2) 1/2) 
. cos ( 6 . 283 ( ( x-I 2. . 5 )" 2 + (y - 6 . 3)" 2) 1 / 2Ae{f) •••••• 18 c ) 

for r = R = 12.5 treating the plane wave superimposed on the 
traveling surface wave ( see Figure 3a and Figure 5 ) 

Results 
SAR measurement 

The results of the SAR measurements indicate that the 
temperature increases obtained were greatest close to each 
radiating aperture, and then lessened substantially, until a 
zone of summation is reached, where they create a 'hot 
spot'. The SAR measurements at the 12.5 cm 'hot spot' 
closely approached those measured at the near field of the 
aperture (see Figure 4). 

Phantom Temperature Determination 

Thermal responses visualized on the liquid crystal sheets 
showed three different zones of preferential heating :A 'hot 
spot' was located close to PHch applicator. A second clearly 
defined heat zone appeared at the center of the phantom, at 
the pOint of beam interaction. Both of these zones are about 
6 cm in diameter. A third heat zone is circumferential about 
midway between the peripheral and central hot spot ( see 
Figure 2), about 3.4 cm wide ( one quarter of the effective 
wavelength of 13.4 cm at 300 MHz in the muscle phantom). 

Simulation 

The results of the simulation of Eqs. 18a - care 
displayed 3-dimensionally in Figure 5. The inputs for 
computing the complex propagation constant and its 
components (~,ft ) simulated in the muscle tissue excited at 
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SUMMARY RESULTS 
11/19/86 PM 
12.5 em (TRIPAS) PHANTOM 
60 Second Time 
600 WATTS Power 

ANTENNA #1 ANTENNA #2 

85 73 50 ... • +-- 12.5 em 

33 38 28 · • ....- gem 

109 84 71 
• · . +-- 4em 

• 
ANTENNA #3 

SAR TRIPAS 600 WATTS (1 MINUTE) 

Figure 4. TRIPAS - SAR Profiles 

SAR (specific absorption ratio) measured in 
muscle phantom, using 300 MHz at 
equally split among three equivalent 
(dimension,design) for 60 seconds. SAR'S 
of summation approximate those near the 
aoolicator aperatures. 

a triangular 
600 Watts 
applicators 

in the area 
front of the 
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300 MHz, were permittivity value of 54 Flm and 
conductivity value of 1.07 Slm, with free space permeability 
value of 12.57xlO Him and the permittivity of free space as 
8.854x10 F/m. These parameters were aporopiately scaled as 
input variahles into the graphic package for the data file. 
The selection of effective wavelength (Aeff) can be 
calculated theoretically, but in this case was extrapolated 
from the muscle phantom heating pattern studies. A typical 
value of Aeff= 13.4 cm was used ( see SAR measurements ). 

The dispersive effect of the plane wave was accomplished 
by the addition of electromagnetic plane wave solution with 
surface expression ( see EQs.(14) and (15)). Figure 5 
displays the 3D output surface plot of the simulation. The 
letter marker A,B and C indicate the origin of the dipoles 
, strategically located at 120 degree separation in circular 
configuration. The arrow marker points to the central 
summation hot spot'. The main features highlighted by 
these 3D plots are: 1) high intensity singularity in front 
of each simulated aperture, 2) rapid decay in amplitude 
intensity due to generation of destructive interference from 
subtractive surface waveforms, 3) at even greater depth a 
second high intenSity area due to additive interference 
causing a peaking standing wave, 4) followed by subtractive 
interference creating an intensity valley and 5) finally 
producing the theoretically predicted summation at the 
centrally located' hot spot'. The high intensity peak at 
the aperture (source) is a common observation in 
experimental and theoretical modellings (Bach Andersen 198 4 , 
Gee et al .1984, Kantor and Cetas 1977), that acco~nts for 
near- field effects. The surface dispersive effect is 
predominant at the viewing angle in this simulation. The 
amplitude steering (modulation) of the target 'hot spot' is 
implemented by the inclusive term E Eqs. 18a-c. It should be 
noted that the above surface plot is in very good agreement 
with experimental observations as described earlier, 
(comparing Figures 2 and 5). Note, this specifically applied 
to case 1 of Figure 3 relating to the theoretical 
postulation. 

Discussion 

The present results make use of a mathematical model of 
radiating dipoles to predict the coherent and noncoherent 
interference of three converging electromagnetic wave 
sources interacting within biological media to produce a 
relocatable 'hot spot'. The muscle-ohantom experimental 
results in part verified this postulation. 

Previous studies (Bach Andersen 1984,Turner and Kumar 
1982, Wait 1986),solved domain-integral equations for 
electric field vector potential as a result of induced 
magnetic current elements derived from fundamental Maxwell's 
classic microscopic equations. provided versatility of 
implementing the medium heterogeneity. Turner and Kumar 
(1982, '84) used Huygen's principle to simulate a horn-type 
apolicator as an array of point-source dipole radiators, in 
order to predict the heating patterns and performance of the 
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Figure 5. TRIPAS - Simulation 

3D surface plot displaying pattern of split 300MHz 
microwave beams into muscle phantom. 
Note:l) the area of central converoence indicated by 
arrow(as postulated in Fig. 3 case 1), 2) high intensity 
thermal field in front of each applicator (A,B, and C) and 
3) circular area of positive interference at approximate 1/8 
wavelength depth between the applicator and the convergent 
center. 
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aperture. Such mathematical model was limited in its ability 
to spatially predict the interaction of harmonically excited 
plane waves in biological medium. Johnson et al. (1984, '85) 
and Sato (1986) analyzed circular compact arrays simulatin9 
resonance conducting plates as magnetic current sources. A 
mathematical integration over the aperture surface yields 
field distrihution. This computational method is limited by 
the convergence or divergence of the numerical technique 
used for the integration. 

Bach Andersen (1984) modelled an array of dipoles to 
explicitly define radiative antenna gain for power density 
at a given point relative to the total input power. This 
concept was used to analyze radiative apertures and their 
Denetration capability in biological tissue. This author 
(Bach Andersen l Q84) further showed the theoretical 
synthesis of one- dimensional convergent beams meeting at a 
focal point to produce constructive interference.He 
pictorially demonstrated that two waves traveling in 
opposite directions produce either an additive coherence or 
subtractive noncoherence effect. The present investigation 
followed the same theoretical postulation. 

For cylindrical geometry the large number of waves add to 
produce power intensity convergence at the axis (Lin 1982). 
This central cylindrical focusing is generally applied in 
regional heating of cylindrical tissue, (Samulski et al., 
1987 and Turner 1984), but lacks the flexibility to relocate 
a localized 'hot spot'. 

Nilsson et al. (1985) tilted two applicators at 45 
degrees. They reported a distinct heating pattern when both 
the radiative source had no phase relationship, while 
constructive and destructive interference were observed when 
both applicators were excited in phase coherently. 

Gee et al. (1984), Bach Andersen (198 4 ) and Ling et al 
(1984) presented theoretical and experimental models of near 
field phased array focusing analyzed in 3D plane wave 
profiles. The alternative use of an interactive plane waves 
model might ease the limitations inherent in the above 
simulation techniaues. 

Earlier, we reported (Bicher et al 1985) an eXDerimental 
parallel opposed system that achieved therapeutic 
temperatures in the 42 to 43 degree Celsius range at 8 cm 
depth in both muscle eauivalent phantom and in pigs 20-30 
cm thick. In other papers (Bicher et al 1982, '84, '86) we 
defined the clinically usable penetration using one air 
cooled applicator operated at 300 MHz to be 5 cm. Using 
POPAS (two opposed applicators operated in phase), we were 
able to heat therpeutically to a depth of 8 cm. By placing 
one applicator anteriorly and the other posteriorly, 
treatment of tumors at moderate depth, in thorax, abdomen 
and pelvis, have proved successful. 

Our results of in vitro experiments and mathematical 
simulation ( Figure 3, case 1) clearly show effective 
heating at a depth of 12.5 cm using 3 converging microwave 
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beams from standard 300 MHz external applicators. The 
flexibility of the system (TRIPAS) and the ability to change 
the incident angle of the beams to relocate the' hot spot' 
within the target volume, make the system extremely 
practical for the treatment of deep seated tumors, without 
the need to heat an entire body region as is required with 
current phased array systems which operate at lower 
freouencies. Positioning of the air gap applicators around 
the patient is quick and easily reproducible. These 
applicators have poor coupling however, so there is some 
energy loss. In the present system this is compensated by 
the use of a high power generator operat~ng at fixed 
frequency (300 MHz), capable of 300 watts per applicator. 
Thus a 900 watts generator for TRIPAS will be required for 
clinical use. Such a device has already been built and is 
operational in our laboratory. 

The good correlation between our mathematical predictions 
and phantom studies validates the theoretical approach used. 
The ability of the TRIPAS system to predict the location of 
the 'hot spot' within the treatment field makes computer 
plannina of the applicators positionino in the clinical 
situati~n feasible. . . 

Nomenclature 
o = applicator aperture dimension (cm) 
Er = axial spatial electric field magnitude (v/cm) 

Ey = electric field complex vector (v/cm) 
f frequency (MHz) 

H magnetic field omplex vector (A/cm) 
imaginary operator (Sq.root (-1)) 

n numerical approximate integer for axial E - field 
L distance from the aperture to target - tumor (cm) 
R axial aperture focal length (cm) 
r graphical radius 
x,Y,z = rectangular coordinate system 
w = 2'lTf ; angu 1 art frenquency (rad) 
~ = attenuation factor (Np/m) 
fi = phase factor (rad/m) 
~=conductivitv of the medium (S/m) 
f = 'relative d~electric constant 

A = free space oermeabiliti (H/m)= 
~ = complex propagation constant (H.Np/m) 
X eff = effective wavelength (cm/ cycle) 
G (theta) = tilting axial aperture angle (deg) 
V = vector differential operator 
V~= laplace operator 
A = variable incrememt 
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NON-INVASIVE MEASUREMENTS IN HYPERTHERMIA: RADIOMETRY AND 

PREVISIONAL THERMOMETRY 

INTRODUCTION 

G.L. Sannazzari, P. Gabbriele, E. Madon 

Radiology Institute, Radiotherapy Division 
University of Turin, via Genova 3, Italy 

The development of Hyperthermia as a therapeutic method 
is closely related to the possihilty to control and quantify 
hyperthermic treatment in the portion of a biological body 
heated. For this puroose, the thermometer would have 
resolution and precision between O.loC and 0.2'C, because of 
the great dependence of the biological response to the 
temperature increase; suitable spatial resolution, between 5 
and 10 mm, cause of the necessity to work in large 
temperature gradients; ability to follow the temporal 
variations of temperature with a temporal resolution of 1 
second and a dimensions below 16 gauge to minimize trauma 
for patients. Actually the thermometry system used in the 
routine consist of thermistors, thermocouples and optical 
fibers. All these system are invasive: they give punctual 
temperature measurements in the whole tissue area and are 
traumatic for the patient.To avoid these disadvantages in 
our institute two non invasive methods have been tested: 
they're a micro~ave radiometer, which measures the emitted 
intenSity of bodies, that is directly related to their 
temperature an~ a simulation program, which calculates the 
temperature behavior of an heated tissue by the solution of 
the bio-heat eouation. The results of our tests show that 
the thermometric technique, based on radiometer, gives 
temperature measurements that are to be considered as a mean 
among the ones obtained in the whole tissue area and not 
global at all; on the other hand the calculation of the heat 
produced by metabolism and over all of the heat taken away 
by the blood flow. With the intent to verify the goodness of 
the program we have simulated 22 hyperthermic treatments 
comparing the real temperature, obtained by optical fibers 
inserted in the tissue area during heating, with the 
simulated one. In parallel it was made a comparison between 
invasive measurements, with optical fibers, and non invasive 
ones, revealed by radiometer. 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bicher et a/. 
Plenum Press, New York, 1990 
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MATERIALS AND METHODS 

Hyperthermic system 

The available system is the SAPIC SV03/A, made by 
Aerita-1ia, Gruppo Sistemi Avionici ed Equipaggiamenti, 
Caselle Torinese. It allows all the services needful for 
local hyperthermic treatments in Tumor therapy: the 
electromagnetic (EM) energy generation, its delivery in 
patients, the measure and the registration of the 
temperature data. It has been carefully tested and it has 
been used in routine since September 1983; it can be used 
for superficial and for average depth hyperthermia with 
invasive and non invasive applicators. The system is 
completely administered by a computer which tests the power 
to deliver, the temperature reached into the heated body and 
the cooling temperature. This latter helps to increase 
patient's tolerance during heating. The system has two 
operative working ways: the first is the remote: all phases 
are administered by HP 310 computer, whose software is 
loaded on 3 1/2" floppy disc. Dialogue with operator is 
managed through keyboard,color display is provided with 
touch screen and plo tte r.Automatic power control allows 
fixing temperature behavior of tumoral tissue and 
verification of security of treatment to support patient to 
eventual overheating. All treatment parameters are visible 
on computer monitor for the entire treatment duration:so you 
can change a parameter to optimize treatment. The second 
working way is the local one: parameter control and 
regulation are completely committed to operator's experience 
because computer and pheripheric units are totally unfitted. 
All system components control unity includes a hardware 
logic that prevents wrong commands on operator behalf and 
manages by itself conditions that can damage treatment 
security and that can happen. However it can recognize the 
syntetizator for radiofrequencies (RF) signal generation 
in HF band At last the system has a screened cabin with the 
intent to avoid surrounding pollution from EM radiation and 
in particular from magnetic fields generated from them. The 
cooling system is a closed circuit hydraulic system composed 
of a peristaltic pump, a thermostatic bath, a water pillion 
and some flexible little tubes for connection. It's possible 
to maintain patient's surface to constant temperature 
between 10 and 40°C by circulation of distilled water in 
the pillion based between applicator and a patient. This 
system helps to optimize coupling between applicator and 
surface to treat. We can manage the cooling system by 
computer for all its parameters except for the flux range 
that must be manually regulated. The available antennas have 
different shape and work at different frequencies, so they 
can be used according to the various clinical needs. The 
range of interest in most all cases is between 434 and 915 
MHz (microwaves), but when lesions are deeper than 3-4 cm, 
we use an applicator which works in RF range at a standard 
frequency (27.12 MHz). For temperature control we use some 
sensors made by LUXTRON CO (Mountain View, CA USA). They 
give temperature measurement that are free from error due 
to undesired fluctuations and whose range is between -5 and 
80 C on the scale portion useful for Hyperthermia. They 
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allow us to have a maximum of 8 measurements at the same 
time in the tissue area, with an accurancy of 0.2°C, using 
four single sensors (0.25 mm of diameter) and one multiple 
sensor (four points). 

Microwave radiometer 

The microwave radiometer is a receiver of EM radiation: 
it has low noise added, hi~h sensivity, wide band and it is 
able to work with three different frequencies (1.5, 2.5 and 
3.5 GHz) respectively Unfortunately the large wave 
length microwave at these frequencies allows a loss in 
spatial resolution. The available radiometer is made by 
ODAM: it has originally been made to work at two frequencies 
but then it has been modified to work at three frequencies. 
This change has been made because the resolution power of 
instruments is related to the frequency number; on the 
other hand its increase allows a big advance in build 
prices. The radiometer grounds itself on the principle that 
all bodies at temperature above absolute zero (0 K) emit an 
EM radiation that is directly related to the temperature 
itself. The relationship between temperature and EM 
radiation intensity is expressed by Plank equation, which 
can be approched to the Railegh-Jeans equation for microwave 
range: 4 

) 2nKTV 
I\V;I C3 

If we express light emitted intensity in terms of 
brilliance temperature, then we can deduce physic 
temperatures at microwave frequency. In fact, brilliance 
temperature, measured by radiometer with a specific 
frequency, is represented by the integral: 

Tb(V) = LK (v,x) T (x) dx o P 
This is a temperature profile integral weighted along X 

axis perpendiculary to skin surface. In this expressed K is 
the weighing function, p is the vertical or horizontal 
polarization and L is the depth over which there aren't any 
brilliance temperature contributions: the expression is 
represented by a first class Fredholm integral whose 
weighing function K can be obtained for every layer in close 
form, solving Maxwell equations and chosing suitable outline 
conditions.Actually we don't know any mathematical algorithm 
which allows us to solve this equation and to obtain 
physical temperature from brilliance. Then we can base 
our measurement on brillance temperature only: this means 
that if heating would be homogeneous the temperature is the 
real one. The dishomogeneity of tissues composing biological 
body causes a different heating in the volume "seen" by 
radiometer; the values obtained by these measurements would 
represent the average of all the temperatures in tissue 
only. About the available instrument, it uses antennas which 
can be connected to a power generator: so they can deliver 
power and receive emitted radiation almost at the same time. 
The conversion from receiving to delivering antenna can be 
made through a switch. We have two different antennas: the 
bigger one is able to work better at lower frequencies, 
while the smaller one is more useful for higher frequencies. 
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Simulation program 

The simulation program calculates the temperature 
behavior of heated tissue by the solution of the bio-heat 
equation; the initial parameters on which it grounds are the 
heating tissues and the applicator used for heating. This 
program has been developed by a collaboration between 
Electronic and Automatic Department of Engineering, 
University of Ancona and Aeritalia, Gruppo Sistemi Avionici 
ed Equipaggiamenti, Caselle Torinese. The first step is to 
divide an ecographic or TC image in discrete areas and to 
obtain data related to each elements dielectric and thermic 
constant. Then calculation of irradiated field in free space 
is made; this means applicators characterization and SAR 
(Specific Abortion Rate) determined for a non homogeneous 
body. So it's possible to calculate biological body 
temperature distribution after a certain heating time, 
according to the power delivered by the applicator,the heat 
taken away by the blood flow, the metabolic heating and then 
the heating exchange with external atmosphere. Under these 
calculations, the program simulates temperature evolution 
during map heating. Evolution time is real: on video you can 
follow isothermal modifications and a time-temperature 
graph on some pOints of the map. The useful parameters 
are: kind of applicator used, heating tissue distribution 
and up to date and temperature data calculated. If the 
temporal step is small, results are precise and elaboration 
time increases: chosing temporal step between 15-30 seconds, 
we can obtain good precision and thermography can be brought 
up to date in real time. As in the real treatment, a power 
control is made. This parameter is varied to maintain 
temperature of the warmest point at a previously fixed value 
(treatment temperature). 

RESULTS 
Comparison between invasive and previsional techniques 

Using simulation program 21 hyperthermic treatments have 
been made: data related to sensors position, treatment 
time, frequency to be used and cooling temperatures have been 
inserted in the program to be used. The simulation gives 
useful information about global behavior in tissue: the 
thermographic maps evolution is seen through a computer 
monitor. Moreover you can obtain any information about 
thermal behavior of some selected points in heated tissues. 
The effectiveness of this program is verified through a 
comparison between graphics that show temperature behavior 
really measured by sensors during the hyperthermic treatment 
and graphics obtained by simulation. In both cases an 
automatic power control has been made: so hot spots are 
quite the same but it's important to underline how 
correspondent are the reference points in both treatments 
(real and simulation ones). These results confirm the real 
effectiveness of simulation programs tested. In Table I data 
related to the 21 simulation are presented: we define GOOD 
CORRESPONDENCE (GC), a correspondence greater than 60% 
between compared points, DISCRETE CORRESPONDENCE (DC), a 
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correspondence greater than 30% but smaller than 60% and BAD 
CORRESPONDENCE (BC), every other correspondence smaller than 
30%. In some cases the tumor area could be near large blood 
vessels: because of the coarse approximation made, the 
simulation program doesn't take into account properly the 
perfusion phoenomena. In other cases the TC section,used to 
design the anatomical map doesn't correspond to the central 
treatment plane, causing a different position in the target 
volume of the reference points. That's why in these cases 
the correspondence is bad. In Table II the number of 
reference points used in simulation is shown: this one is 
never quite equal to the number of sensors used for real 
treatment control; in fact, in the simulation we use only a 
section of the whole volume heated in the real treatment. 

Comparison between invasive and non-invasive technique 

This kind of comparison has been preceded by an 
experimentation about instrument characteristics and 
responses as function of heating tissue depth.The first 
tests consisted of cooling and heating of a thermostatic 
bath and then of a muscle simulated phantom of about 3 cm of 
depth. This one showed that device response was good and its 
resulting characteristic is quite linear. To test the 
brillance temperature behaviour as a function of depth, we 
heated a portion of the phantom of 2 cm in depth at a 
temperature of 40·C. Then we posed some phantom layers of 1 
cm in depth at a temperature of 39°C, over the initial 
portion and measured the brilliance temperature. This 
measure is quite reliable because the difference between the 
two temperatures guarantee a certain time before conduction 
phoenomena the time is enough to reveal brilliance 
temperature. In both tests made temperature is a constant 
during all the emitted brilliance temperature measurement: 
this situation can be obtained because of the short 
measuring time of the radiometer. Problems come when heat 
distribution is non-homogeneous: in it's actual use, the 
device is able to reveal a temperature which isn't real, but 
is a mean among measured temperatures in the whole heated 
volume. Experimental tests were made on phantom and also on 
patients: they show a brillance temperature that follows the 
temperature increase but whose value is more or less an 
average between invasive and superficial temperature value. 
This technique can't be considered as effective actually 
because it can't allow an immediate control of hot spots 
that rise during hyperthermic treatment. We can only have 
useful information about quite superficial treatments: in 
these cases depth is small (less than 2cm) to allow the hot 
spots detection, even if it's quite approximate. 

CONCLUSION 

Experimentations of these two non-invasive 
chosen as an alternative method to contro 
instead of optical fibers, show their limits. 

techniques, 
temperature 

Since we can't obtain a temperature profile into heated 
tissue because of the unknowing of good calculation 
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Table 1. RESULTS OF PROVISIONAL THERMOMETRY 

NUMBER OF SIMULATED 
TREATMENT 

GC DC BC 

GC 
DC 
BC 

350 

21 8(38.1 %) 8(38.1 %) 5(23.8 %) 

Good Correspondence 
Discrete Correspondence 
Bad Correspondence 

(> 60 %) 
(> 30 %, <60 %) 
( 30 %) 

* 

12 
4 
7 

11 
12 
10 

6 
10 

7 
12 

7 
10 
10 

3 
12 
12 
12 
12 
12 
12 
12 

* 
** 

*** 

TABLE 2. NUMBER OF SENSORS 
CORRESPONDENCE 

** *** 

4 2 GC 
4 2 DC 
5 2 BC 
7 1 GC 
6 6 DC 
5 1 DC 
6 6 BC 
5 4 DC 
3 1 DC 
6 4 GC 
4 3 BC 
6 5 GC 
7 3 BC 
3 2 GC 
5 0 BC 
4 0 DC 
7 2 DC 
6 2 DC 
9 4 GC 
6 1 GC 
7 2 GC 

Total number of sensors used for real treatment 
Number of sensors useful for comparison with 
invasive thermometry 
Number of invasive sensors used for comparison with 
invasive thermometry 



algorithm, then we can use radiometer only for superficial 
tumor temperature measurements. On the other hand, the 
interest in the radiometer pushes us to continue this kind 
of experimentation. A five band radiometer is under study: 
an increase in band numbers can allow a better spatial and 
temporal resolution of the instrument and at the same time, 
it can give a greater number of dates for temperature 
profile calculation. About the simulation program, we have 
obtained quite good results, even if the thermometric system 
doesn't guarantee full effectiveness because of the coarse 
approximation made in the bio-heat equation solution about 
power delivered by metabolism and power taken away by the 
blood flow. To determine a mathematical tridimensional 
algorithm for blood flow perfusion a lot of studies have 
been developed. Unfortunately complexity of such methods 
makes it impossible to be elaborated; so the solution of the 
bio-heat equation in its correct form isn't permitted. The 
intent of our institute is to use simulation before every 
hyperthermic treatment to optimize treatment itself. Knowing 
temperature distribution into points for thermometry 
will improve thermal control during heating. 

REFERENCE 

1) Audone B, Bolla L, Delogou A and coll: 
applicators in RF and microwave 
Strahlentherapie: 159-367, 1983. 

Dosimetry and 
hyperthermia. 

2) Audone B, Bolla L, and coll: Microwave and RF 
computerized system for hyperthermic oncology. Proc 4Th Int 
Symp on Hyp Onc: 715-717, Aahrus, 1984. 

3) Cerri G, 
application: 
homogeneous 
1984. 

De Leo R: Waveguide applicators for biomedical 
an accurate analysis of power coupling in 

biomedical media. Int Wroc Symp on El Comp, 

4) Hand JW: Thermometry in Hyperthermia. Prooc 4Th Int 
Symp on Hyp Onc: 299-308, Aahrus, 1984. 

5) Plancot M, Prevost B, Chive M and coll: a new method for 
thermal dosimetry in microwave hyperthermia using microwave 
radiometry for temperature control. Int J Hyp 1, 9-19, 1984 

6) Strohben JW, Roemer RB: A survey of computer simulation 
of hyperthermia treatment. IEEE Trans, vol BME-31:136-149, 
1984. 

351 



LOCAL HYPERTHERMIA FOR SUPERFICIAL AND MODERATELY DEEP 

TUMORS--FACTORS AFFECTING RESPONSE 

Haim 1. Bicher and Ralph S. Wolfstein 

Valley Cancer Institute 
Panorama City Los Angeles, CA. USA 

INTRODUCTION 

Many reports in the peer review medical literature on the 
clinical application of hyperthermia over more than a decade 
have contributed to recognition of its safety and efficacy, 
with a synergistic effect in combination with radiation and/ 
or chemotherapy. (1-36) 

Mechanisms of hyperthermia effect on tumor while sparing 
normal tissue have been well evaluated, including 
interaction with ionizing radiation (37-48). Tumor cells are 
more sensitive to heat than normal cells. More significant 
however, because of physiological factors, tumor tissue is 
far more affected by application of heat inducing energy 
than is normal tissue. Tumor cells distant from capillaries 
undergo anaerohic metabolism and thus have lower pH. 
Hyperthermia impairs microcirculation in tumors, thus 
further increasing tumor acidity, and decreasing tumor 
oxygenation (37-40, 42, 46). Hyperthermia cytotoxicity is 
maximal in the S phase of the cell replication cycle 
(41,45,47). Since radiation and chemotherapy are least 
effective on cells in the S phase and induce S phase in 
cells undergoing sublethal injury, there is a rational basis 
for expecting greater tumor destruction when these 
modalities are combined with hyperthermia. 

Most groups, including our own, have employed clinical 
protocols with intervals of 3 days between hyperthermia 
treatments, in tacit or stated deference to the well 
established phenomenon of thermotolerence, which has been 
well described in laboratory studies that demonstrate 
resistance of treated cells to a second heat insult over a 
period of time (43,44). 

Our experience over the past four years, on which this 
report is based, suggests that thermotolerence may not be a 
definitive factor in the clinical use of hyperthermia in 
certain situations. In the current studies we undertook to 
evaluate the factors affecting response rate of superficial 
and deep tumors using different fractionation regimes of 
both irradiation and hyperthermia. 

Consensus on Hyperthermia for the 1990s 
Edited by H. I. Bicher et al. 
Plenum Press, New York, 1990 
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MATERIALS AND METHODS 

Single air gap microwave applicators operating at 915 or 
300 MHz with power up to 400 Watts* were used for 
hyperthermia treatment of tumors UP to 5 cm from the 
surface. For deeper tumors two such 300 MHz were used, 
parallel opposed and operated in phase (POPAS) at power up 
to 800 watts (36,49). Thermometry was done throughout each 
treatment s~ssion using two ttiple junction copper
constantan microthermocouples 11DO micron)*. Temperature 
readings were obtained at 4-5 minute intervals with power 
off, to prevent microwave interference artifact, recorded on 
a modified computer system that also controls the power on
off cycle. Thermocouples were placed in the tumorous and 
normal tissue. 

Each hyperthermia treatment lasted up to one hour, with 
the goal of achieving minimum tumor temperature of 42 
degrees C for at least 30 minutes. Hyperthermia treatments 
were given either twice a week over 5 weeks, as previously 
reported, or daily for 5 weeks. Since September of 1987 all 
patients have been given daily hyperthermia treatments. 

All treatment was given under FDA approved protocols, and 
all patients accepted for treatment signed the appropriate 
consent form. Eligible patients had advanced primary cancer 
(36 patients), post treatment local recurrence (54 
patients), or metastatic disease (82 patients). 

For patients receiving radiation therapy, this treatment 
was given within 2 hours of hyperthermia, either before or 
after. Total radiation dose and fractionation depended on 
normal tissue tolerence. Patients treated with the goal of 
cure received the same full course of radiation therapy that 
would be considered appropiate if no adjunct hyperthermia 
were given. Patients on chemotherapy received the drug 
dosage schedule appropiate to their individual problem, at 
the discretion of the referring medical oncologist. 
Chemotherapy was given in conjunction with as many 
hyperthermia treatments as practical and as close as 
possible to hyperthermia, optimally by infusion continuing 
through the hyperthermia session. 

This report analyses results of hyperthermia treatment of 
299 tumors fields in 172 evaluable patients treated since 
September, 1984. Of these, 178 were superficial, treated 
with a single applicator, and 121 were treated with POPAS. 
Some superficial treatments (15/14d) and 40% of POPAS 
treatments (48/121) were given with no adjunct radiation 
therapy; almost all of these patients did receive 
chemotherapy. Tumor response was evaluated by physical 
examination where feasible, precisely measured in 2 
dimensions with estimated tumor depth, and in deeper tumors 
by x ray, CT or MRI. Response was graded as complete (CR) 
when there was no residual tumor, partial (PR) if tumor 
regression exceeded 50%, stable (SO) when there was less 
regression or no progression of tumor within two months 
following treatment. 

* HBCI Medical Group, Inc., Panorama City, CA 91402 
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RESULTS 

Overall results are shown in Table 1. Side effects were 
minimal, noted in less than 10% of patients. Superficial and 
POPAS treatments were equally well tolerated (Table 2). 
Patients did perspire quite freely during POPAS treatments, 
kept comfortable with damp cloths and drinks. Core 
temperature did not rise significantly (less than 2 degrees 
C) even after consecutive treatment of two fields given over 
more than 2 hours. Radiation induced skin reaction was never 
more than anticipated for the same dose given without 
hyperthermia. No patient discontinued hyperthermia treatment 
because of toxicity or subjective intolerence. 

Table 1 

Summary Results 

227 Patients, 172 evaluable, 299 Fields 

CR (complete) 
PR (50% or more) 
SO ( No growth at 2 months) 
NR ( No response) 

Complications 

Response 

113 
123 

29 
34 

(38%) 
(41%) 
(10%) 
(11% ) 

16 ( Healed fully) 
3 ( Healed fully) 

Therma 1 Burns 
Ulceration 
Pneumothorax 
Ileus 

2 ( Hospitalized 1 day) 
1 ( Hospitalized 3 days) 

Table 2 ----
Summary Results 

Superficial POPAS 
Response 

CR(%) 
PR(%) 
SO(%) 
NR(%) 

(N=178) 

89 (50) 
66 (37) 
10 (6) 
13 (7) 

(N=121) 

24 (20) 
57 (47) 
19 (16) 
21 (17) 

Abbreviations: CR, complete; PR, partial; SO, stable disease; 
NR, no response 
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Patients with objective tumor regression less than 50% 
but no progression at 2 months following treatment were 
considered to have stable disease (SO), as also suggested by 
others (35). Most with SO had palliation and improved 
clinical status. The category of SO was established because 
many patients, 16% of those treated with POPAS, obviously 
benefited from treatment but without significant objective 
decrease in tumor size. 

Table 3 ---

Results ~ Radiation Dose 

Superficial POPAS 

30Gy(+) 20Gy(-) 0 30Gy(+) 20Gy(-) 0 
(N=83) (N=67) (N=28) (N=35 ) (N=38) (N=48) 

CR(%) 45(54) 37(55) 7 ( 25) 16(46) 3 (8) 5 ( 10) 
PR(%) 32(39) 20(30) 14(50) 14(40) 18(47) 25(52) 
NR+SO% 6 (7) 10(15) 7 (25) 5 (14) 17 (45) 18(38) 

Abbreviation: (+), or more; (-), or less; CR, complete 
response; PR, patrial response; NR, no response; 
SO, stable disease 

A. 

CR(%) 
PR(%) 
NR+SO(%) 

B. 

CR (%) 
PR (%) 
NR+SO (%) 

(N=78) 

43(55) 
30(38) 

5 (7) 

Table 4 ----
Results ~ Hyperthermia Dose 

Superficial 

(N=76 ) 

31(41) 
28 (37) 
17(22) 

(N=31) 

4( 13) 
19 (61) 
8(26) 

POPAS 

(N=29) 

5 (17) 
9(31) 

15 (52) 

Subsequent results using POPAS, 25 Heat 
(N=61) 

15(24) 
29(48) 
17 (28) 

Abbreviations: CR, complete response; PR, partial response; 
NR, no response; SO, stable disease 
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Tumor response was improved when hyperthermia. was 
combined with higher dose of ratiotherapy, as in our 
previous series (31). The SO-NR rate was 2-3 times greater 
for tumors rp.ceiving 20Gy or less compared to those treated 
with 30Gy or more (Table 3). Tumor response was also found 
to be related to the number of hyperthermia fractions (Table 
4A) The NR rate was reduced by over half with more 
hyperthermia treatments. Because of the results of this 
comparison we now routinely give daily hyperthermia 
treatments, and results have rp.mained essentially the samp. 
(Table II B). 

Unexpected but gratifying was the finding that POPAS 
treated lesions given low dosp. radiation versus no radiation 
had equivalent tumor response rates. (Table 3). Since 
nearly all patients recelvlng no radiation were on a 
chemotherapy regimen designed for optimal combination with 
hyperthermia, based on published research 
(29,30,32,33,34,50,51) one would like to ascribe thp. results 
in POPAS patients treated without radiation to the adjunct 
effect of chemotherapy on hyperthermia. However, in 
superficial tumors treated without radiation were relatively 
poor, little better than published reports of tumor response 
to hyperthermia alone (8,9,17,19,21). 

In analyzing results by tumor site, we found that CR rate 
in superficial tumors was nearly threefold better than in 
POPAS treated lesions, while SO-NR rate was correspondingly 
less (Table 2). Much of this difference is accounted for by 
results in treatment of breast adenocarcinoma (primary and 
recurrent), a category that included over half of all 
superficial lesions and had by far the best results (Table 
5). Indeed, at least 50% response rate (CR&PR) was as good 
in tumors of pelvis, chest and pancreas (Table 6) as in 
superficial lesions exclusive of breast (Table 5). 

Table 5 ----

Superficial Hyperthermia Results 

Site # CR (CR+PR%) PR SO NR 

Breast 91 60 (95 ) 26 3 2 
Head + Neck 39 15 (71 ) 15 1 8 
Other 48 14 (81 ) 25 6 3 

Total 178 89 (87) 66 10 13 

Toxicity: 10 Skinburns, 3 Ulcerations 
Abbreviation: CR, complete response; PR, partial response 

NR, no response; SO, stable disease 
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The group of patients treated for potential cure is of 
particular interest. This group comprises only 22 patients 
with advanced primary or local postoperative recurrence, 
excluding those with pancreas adenocarcinoma (Table 7). Ten 
had breast cancer, 7 with untreated primary tumors including 
5 measuring 10 cm. or more 3 with palpable axillary or 
supraclavicular adenopathy and 3 with untreated post 
mastectomy chest wall recurrence. Except for 2 with 
postoperative recurrent cervical nodes, all patients 
required at least two hyperthermia treatment fields to 

Table 6 ----
H,Yperthermia Results with POPAS 

Site # CR (CR+PR%) PR SO NR 

Pancreas 14 1 (71 ) 9 2 2 
Liver 28 3 (46 ) 10 6 9 
Other Abdomen 8 1 (50 ) 3 2 2 
Pelvis 32 9 ( 78) 16 5 2 
Lung 14 6 (79 ) 5 2 1 
Other Chest 25 4 ( 72) 14 2 5 

Total 121 24 (67) 57 19 2 

Toxicity: 6 Skin burns, 2 Pneumothorax, 1 Ileus 
Abbreviations: CR, complete response; PR, partial response; 

SO, stable disease; NR, no response 

cover their extensive disease. Seventeen of the 22 (77%) had 
CR. Twelve are alive, 10 at least 1 year, all but one free 
of local recurrence. Of 20 patients evaluable for at least 1 
year, 8 (40%) have no evidence of disease. Only 1 patient of 
17 with CR has had recurrence within the treatment field 
following definitive combined treatment. 

For 150 patients, 87% of the total evaluable, the 
treatment goal could only be oalliation, local tumor control 
and possible prolongation of life. In such cases treatment 
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Table 7 ----

Patients Completing Definitive Treatment 

Patient Tumor· Treatment Resp. Status 
site/stage/type Gy Heat 

10 63 F 0 Ph T3Nl Squ 70 2/W C 10m rec 
HC 70 F Neck Rec An 60 2/W N 1. 5m rec 
IB 56 F Br T4N? Ade 50 2/W C 44m NED 
AC 58 F PI T3No Squ 70 2/W e 46m NED 
BS 48 F Br T3N? Lnf 50 2/W P ? 
MC 56 F Lung TllNo OC 40 2/W C 4m met 
JS 32 M 0 Ph T2No AC 60 2/W e 38m NED 
DL 50 F Br T4No Ade 50 2/W P ? 
LD 41 F Br Rec Ade 64 2/W P ? 
eM 64 M Neck Rec Sou 72 2/W e 22m NED 
LF 54 F Br Rec Inf 60 5/W C 26m NED 
WM 61 F Br Rec Ade 50 5/W e 23m NED 
D,J 49 F Br T4Nl Inf 70 5/W e 7m NED 
JT 74 F N Ph T3Nl Squ 501 5/W C 13m NED 
FA 61 F Br T4N2 Ade 66 5/vl C 17m NED 
RE 60 F Lung T2N2 Ade 66 5/W C 13m NED 
JF 73 M Lung TlN2 oe 55 5/W e 3m met 
JR 58 F Br T4Nl Ade 60 5/W e 14m met 
L\4 79 F Br T4No Ade 50 5/W P 12m rec 
SL 52 M Ton T3Nl So 70 5/W e 8m met 
NS 66 M Pros T2N? Ade 40+331 I)/W C 9m NED 
GH 62 M Esop T2NO Squ 60 5/W e 4m met 

Abbreviations: 0 Ph, oral pharynx; Br, breast; PI, piriform 
sinus; N Ph, nasal pharynx; Ton, tongue; Pros, 
prostate; Esop, esophagus; I , Implant; W, Week; 
Rec, recurrence; NED, no evidence of disease, Met, 
metastasis; SqU, squamous ce 11 ; Ana, anaplastic; 
In f , inflammatory oe, oat cell ; AC, adenocystic; Ade, adeno. 

failed in 18 (12%), who did not have at least stable disease 
with palliation. Of the 117 patients for whom significant 
tumor regression was achieved (CR&PR), 90 are evaluable for 
at least 6 months. 

Of 31 patients with CR 20 (65%) lived at least 6 months 
with no local recurrence; and 12 (39%) are alive 6 to 38 
months after treatment (Table 8) including 3 with no 
evidence of disease. Of 60 patients with PR 17 (28%) lived 6 
months or more without regrowth of treated disease; and 10 
(17%) remain alive 6 to 48 months following treatment (Table 
9) • 

When regrowth occurs, manifested by chanqe in size on 
examination or x-ray, recurrent symptoms, and/or increase in 
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Table ~ 

Patients Treated with Limited Goal 
Complete ResPOnSe Duratio-n---

Status Total 25 Heat 10 Heat 30Gy(+) 20Gy(-) 

No rec min 6m(%) 
Alive min 6m(%) 

(N=31) (N=18) 

20(65) 3(72) 
12(39) 10(56) 

(N=13) 

7(5 4 ) 
2 ( 15 ) 

(N=I7) 

8 (47) 
5(29) 

(N=14) 

12(86) 
7(50) 

Abbreviations: (+),or more; (-), or less; m, monthsj rec, 
recurrence; min, minimum 

Status 

No rec min 
Alive min 

Table 9 ----- -

Patients treated with limited Goal 
Partial Response Duration 

Total 25 heat 10 heat 30 Gy(+) 

(N=60) (N=41) (N=19) ( N=27) 

6m(%) 17 (28) 13(32) 4 (21 ) 5 (19) 
fim(%) 10(17) 9 (27) 1 ( 5 ) 2 (7) 

20 Gy(-) 

(N=33) 

12(36) 
8(24) 

Abbreviation: ( + ) , or more; ( - ) , or 1 ess; m, monthsj rec, 
recurrence; min, minimum 

tumor markers such as CEA, the tumor is retreated. For 
example: A 46 year old male with 60 pound weight loss over 
one year and progressive intractable abdominal pain finally 
developed obstructive jaundice and underwent by-pass surgery 
for unresectab1e pancreatic carcinoma with liver invasion 
and regional adenopathy. It was recommended that he have no 
treatment. After further deterioration over 2 months, he was 
too weak to walk when hyperthermia was started in 
combination with 5-f 1 uorouraci1. Palliation and 
improvement in his general condition during 5 weeks of daily 
hvperthermia treatment allowed him to return to work. CT 
scan showed 75% regression of the primary mass, normal liver 
and complete regression of adenopathy. He continued to 
function well for over a year during which time two 
additional courses of hyperthermia combined with 5-FU were 
required. His last course of hyperthermia, this time given 
along with 45 Gy was less effective clinically; however, CT 
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scan 6 minutes later showed no tumor. Serial retreatment 
with hyperthermia has not resulted in toxicity, except 
probably in a 72 year old male with liver metastasis and 
mesentric adenopathy secondary to colon adenocarcinoma, who 
twice developed ileus. 

DISCUSSION 

We have herein reported results 
treated by one group, employing 
external microwave hyperthermia. 
obtained in the group of patients, 
we were able to treat definitively 
other 9roups (15,27). 

obtained in 172 patients 
various techniques of 

Best results have been 
previously disussed, that 
(Table 7), as reported by 

Treatment results in superficial lesions appear to have 
been much better than in deep lesions using POPAS (Table 2). 
Analysis of results by radiation dose, however, shows no 
significant difference in those tumors receiving 30 Gy or 
more (Table 3). More superficial than deep tumors received a 
hi9her dose of irradiation, respectively 47% (83/138) vs 29% 
(35/121). Response in deep tumors improved with higher 
radiation dose (Table 3). Independent of radiation dose 
tumor response was significantly better when more 
hyperthermia treatments were given (Table 4), which calls 
into auestion the applicability of thermotolerance in 
clinical practice. 

The phenomenon of thermotolerance has been well 
established in the laboratory by in vitro and in vivo 
experiments (43, d4). Both normal and cancer cells and 
tissue have been found to resist a second heat insult for 
over a month following initial heating. It is far from 
clear, however, what effect thermotolerance has along with 
the many other factors that affect tumor response to 
hyperthermia in clinical practice. Most clinics, 
including our own until recently (3,4,31), have empirically 
given hyperthermia treatment on a twice a week basis. Even 
with weekly treatment only the first hyperthermia session 
should be fully effective if thermotolerance were a 
predominant operating factor. 

With this paradox in mind we have tried giving 
hyperthermia treatment daily 5 days per week and have found 
significantly better tumor response using daily treatment. 
The number of superficial and deep tumors that failed to 
regress by at least 50% (NR+SD) was 32/105 (31%) with 
biweekly treatments as compared to 13/109 (12%) following 
daily hyperthermia treatment (Table 4). These results 
provide further demonstration that thermotolerance is much 
less important in clinical hyperthermia practice than other 
factors as yet poorly defined. Tumor heating is never 
homogeneous, and it is likely that the inhomogeneities vary 
from one hyperthermia treatment to another; thus 
inhomogeneous heating may actually be advantageous, by 
heating cells that have not developed thermotolerance. Since 
the development of thermotolerance has been shown to be 
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partially inhibited at low pH (53), and tumors have low pH 
further reduced by hyperthermia, thermal response of tumor 
relative to normal tissue may be enhanced by daily heat 
treatment. 

Other groups have used daily hyperthermia treatment 
successfully. Moffat et al (30) and Falk et al (54) reported 
on thermochemotherapy in 178 patients with unresectable 
hepatic neoplasm given "1 to 25 treatment courses (median 6 
courses)---of 1-5 consecutive daily sessions of 75-120 min. 
thermotherapy---". Hornback et al (55) treated stage IIIB 
cancer of the cervix with irradiation given 150-200 cGy per 
day to 40Gy and "each patient was exposed to 40 to 45 
minutes of heat after each external radiation treatment". 
Corry et al (24) gave one to three courses of hyperthermia 
for superficial tumors, that "consisted of one hour 
treatment on three successive days of each week". Falk et al 
(39) treated pancreatic cancer with "two to three 
consecutive daily sessions every 2 weeks" along with 
chemotherany. Hornback et al (6) treated a hemangiosarcoma 
of the scalp with "3000 rad at 200 rad/day, each treatment 
followed immediately by 20 minutes of heat". Earlier they 
(5) reported on 21 patients given 3-0000 rads at 100-200 
rads/day with "20 minutes of microwave radiation to the 
local tumor area immediately prior to the prescribed dose of 
ionizing radiation". 

Marmor and Hahn (22) compared tumor response between 
matched tumors in the same patient with multiple superficial 
lesions given 2-6000 rads in 200-400 rad fractions. "One of 
the matched nodules was given hyperthermia (43°C) for 15 
minutes before and 30 minutes after each radiation 
fraction". While the number and frequency of neither 
hyperthermia nor radiation treatments were otherwise 
specified, at least some patients must have been treated 
daily. " Seven of 15 patients had an improved response in 
the tumor that received hyperthermia", and the difference 
was more apparent in those given low-dose radiation (2- 4000 
radIo . 

Streffer et al (56) found that the development of 
thermotolerance was suppressed in human melanoma cells given 
factionated heat combined with ionizing radiation: 
"thermotolerance is apparently not a significant factor 
after combined treatment schedules which are used in 
clinical tumor therapy". Arcangeli and Nervi (23) gave 
weekly or twice weekly hyperthermia to separate tumors in 
the same patient for 5 weeks. "When comparing equal RT 
fractionation schedules(i.e. daily fractions of 2Gy) tumor 
TER increased from 1.83 to 2.2 when the number of equal HT 
treatments (i .e. 43.5 degrees Celsius for 45 minutes) was 
doubled from 5 to 10. The skin TER, in contrast, appeared to 
decrease with increasing number of fractions." They (23) 
concluded that:" Our data does not seem to evidentiate any 
thermotolerance induction in human tumors, at least by using 
clinical treatment schedules like those employed in this 
study, although the problem can only be clarified with more 
clinical data". Our data supports these conclusions. 
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Analysis of response duration in our current series 
(Tables 8,9) raises serious questions regarding the use of 
radiation therapy. When response (CR or PRJ was achieved 
with 20Gy or less,including patients given no radiation, 
duration of response was more prolonged than with a higher 
radiation dose. The numbers of patients surviving at least 6 
months with no local recurrence were, respectively, 24/47 
(51%) vs 13/44 (30%). Comparable figures for 25 vs 10 
hyperthermia treatments were, respectively 26/59 (44%) and 
11/32 (34%). For those patients still alive at the time of 
this writing (minimum 6 months) with or without local 
recurrence the figures are even more striking: less vs more 
radiation, 15/47 (32%) vs 7/44 (16%); more vs fewer 
hyperthermia treatments, 19/59 (32%) vs 3/32 (9%). We know 
of no other study that has analyzed results in this way. 
Does oalliative irradiation impair immune response so much 
as to adversely affect survival? Does hyperthermia enhance 
immune response so much that more treatments improve 
survival? These auestions remain unanswered and require 
furthpr investigation. 
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ABSTRACT 

High intensity focused ultrasound was employed to 
modify the permeability of the normal feline and canine 
blood-brain barrier (BBB) to a circulating vilal dye - Evans 
blue (EB). The threshold doses (W sec/cm) for focally 
increasing the permeability of the BBB in white matter (WM) 
and gray matter (GM) were as follows: internal capsule 
(WM) - 340 to 680; thalamus (GM) - approximately 1326; and 
caudate nucleus (GM) 2284 to 2952. In the presence of 
supralesioning doses of ultrasound, the cross sectional area 
occupied by the EB was consistently greater than that of the 
attendant nonhemorrhagic lesion - thus suggesting that BBB 
changes may be inducible at sublesioning doses. These 
findings, in conjunction with those of others, suggest that 
high intensity focused ultrasound may have a role in the 
treatment of brain tumors based on cell destruction by two 

Key Words: Blood-brain barrier, brain tumor, neurosurgery, 
stereotactic surgery, ultrasound. 
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mechanisms: (a) direct, by the ultrasound and (b) indirect, 
by an antineoplastic agent which is delivered via an 
ultrasonically modified BBB. 

INTRODUCTION 

There are only a few reports of the effect of high 
intensity focused ultrasound on the blood-brain barrier 
(BBB) (1, 2, 3). The application of supralesioning doses of 
high intensi ty pulsed focused ul trasound to the brains of 
craniectomized cats increased the permeability of the BBB to 
a large molecular complex (trypan blue bound to serum 
albumin) and to 32P; although neuronal and glial cells were 
destroyed in the gray and white matter targets, the 
vasculature was morphologically normal (2). In two other 
similar studies which utilized supralesioning doses of 
ultrasound (1, 3), it was observed that the induced 
permeability to trypan blue was reversible; by 72 hr 
postradiation, the trypan blue no longer exited the vascular 
compartment in the area of the lesion; thus, the integrity 
of the modified barrier was restored. Based on these 
observations for supralesioning doses of ultrasound (the 
greater resistance of vascular cells to damage and the 
reversibility of barrier permeability), additional studies 
employing supra- and sublesioning doses on normal and 
neoplastic brain seem warranted. We report the results of 
modi fying the permeabi I i ty of the normal fel ine and canine 
BBB wi th high intensi ty focused ul trasound; these resul ts 
include the threshold doses and cross-sectional areas 
occupied by the BBB permeability marker Evans blue. Also, 
the potential application of high intensity focused 
ul trasound, in conjunction wi th antineoplastic agents, for 
treating brain tumors is discussed. 

MATERIALS 

Two adult mongrel cats (3.9 ± 0.8 kg) and four adul t 
mongrel dogs (11.3 ± 1.9 kg) were used in this study. The 
animals were housed in the approved quarters of the Indiana 
Universi ty School of Medicine and cared for in accordance 
with the standards established by the Animal Welfare Acts as 
described in the Guide for the Care and Use of Laboratory 
Animals. 

A stereotactic system was employed for cranial 
roentgenography, positioning the radiating transducer and 
blocking in the in-situ brain in stereotactic space. 

An M469 Instruments for Industry High Power (5 kW, 65 
dB gain) Wide Band (1.0 to 100 MHz) Water Cooled Amplifier 
was used to drive the focused ultrsound transducer (1.0 MHz 
piezoelectric element coupled through a quarter-wavelength 
thick oil layer to a lucite Fresnel lens, 12.7 cm diameter, 
13 cm focal length) which had half-power (3 dB) beam 
dimensions of 2.0 mm and 12.0 mm for the transverse and 
longitudinal axes, respectively. 

Evans blue (EB), a vital dye with a molecular weight of 
961 daltons, which binds to circulation albumin (12 molecules 
of EB per molecule of albumin) with a molecular weight of 
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69,000 daltons to form a hydrophilic complex, was used as an 
in-vivo marker for detecting changes in BBB permeability. 

METHODS 

Both white and gray matter were examined because of 
differences in vascularization, ultrasound lesion threshold 
and the pathological conditions which occur in them. The one 
white matter (WM) and two gray matter (GM) radiation targets 
were the internal capsule, and the thalamus and caudate 
nucleus, respectively. The stereotactic coordinates for 
these targets were determined from cranial structures which 
were directly and/or roentgenographically visualized. 

Requisi te for determining the ultrasound intensity at 
the target was the tissue path distance (d) traversed by the 
ul trasonic beam. This distance was obtained by measurement 
from the cranial roentgenograms. 

The cats and dogs were anesthetized with sodium 
pentobarbi tal (33 mg/kg, IV), intubated and placed in the 
stereotactic headholder. The dura was exposed via a large 
bi lateral craniectomy. The ul trasonic transmission medium 
(Ringer's solution, pH 7.0, 37 degrees G) was maintained in 
the temperature controlled head pan which was coupled to the 
scalp with a wire clamp. Approximately 15 min prior to 
radiation, EB (2% filtered, 1.5 ml/kg, 37 degrees G) was 
infused ( 1 .2 ml /min, IV, Harvard Pump). Wi th a temporal 
separation of 2.5 min, the targets (interanl capsules, 
thalami and caudate nuclei) were radiated. Sixty min 
postradiation, the anesthetized animal, which had remained 
mounted in the head holder, was heparinized (5,000 u, IV) and 
sacrif iced with saturated KGI (15 ml bolus, IV). With the 
animal remaining in the headholder, the ascending aorta was 
cannulated via the left ventricle, and the brain was perfused 
wi th Ringer's solution (2 L, pH 7.0). Two frontal plane 
cuts, which were parallel to the central axis of the 
ul trasound beam, were made. The block of brain containing 
the radiated targets was removed from the cranium and frozen 
sections (20 pm thick) were obtained; the cut surface of the 
frozen brain was photographed to document the location of the 
EB. Alternating sections were stained with hematoxyUn and 
eosin for cells and with luxol fast blue for fibers. BBB 
threshold dose for EB (T EB) was def ined as the lowest dose 
for which EB could be de'tected in the 35 mm color slides. 
Lesion (LX) threshold dose (TLX ) was defined as the lowest 
dose for which a gross or llght microscopic lesion (i. e. , 
abnormality in neuronal soma or fiber, gJia or vasculature) 
could be detected in the stained sections. The cross
sectional areas of the EB and LX were determined with a 
Supergrid digitizing tablet (Summagraphics Corp). 

~l trasound dose, defined as the product of intensi ty 
(W/cm ) and radiation time (sec), was employed to describe 
the amount of ultrasound delivered to the target because it 
could be compared to doses reported in other studies. The 
peak ultrasound intensity at the target site (I) was 
determined by the method of Fry (4) and the peak ultrasound 
intensity in a free-field (Io) was determined by the method 
of Dunn et al (5). 
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RESULTS 

To determine the precision of the ultrasonic radiation 
system, the preselected voltage was compared to the delivered 
voltage (fractional transducer driving voltage) and the 
preselected dose was compared to the delivered dose for each 
of the 33 radiations. The mean difference between the 
preselected and delivered voltages (volts peak-to-peak (Vpp» 
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Fig 1. Frozen brain section (A) and corresponding 
digitized section (8) from dog (D4549); left hemisphere on 
the left side. Arrowheads indicate areas of Evans blue in 
the thalami (gray matter) . 
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was -0.03% (range -6~ to +6%). The mean di ffe~ence between 
the preselected and delivered doses (W sec/em) was +0.3% 
(range -10% to +11%). 

A modified BBB was detected by observing EB in frozen 
sections (Figs 1A and 2A) and quantified by determining the 
cross-sectional area occupied by the EB (Figs 1B and 2B). 
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Fig 2. Frozen brain section (A) and corresponding 
digitized section (B) from dog (D4596); left hemisphere on 
the left side. Arrowheads indicate areas of Evans blue in 
the internal capsules (white matter). 
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Histologic lesions were detected by gross and light 
microscopic examination of stained sections (Fig 3A) and 
quantified by determining the cross-sectional area occupied 
by the lesion (Fig 3B). Histologic sections were obtained 
only from brains with EB present. Although freezing artifact 
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Fig 3. Myelin stained brain section (luxol fast blue) 
(A) and corresponding digitized section (B) from dog (04596); 
left hemisphere on the left side. Arrowheads indicate areas 
of lesions in the internal capsules (white matter) . 
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was severe and prevented a light and microscopic 
characterization of neuronal and glial cell changes, no 
hemorrhage was observed grossly or microscopically in the 
stained sections. 

The threshold doses for modifying the permeability of 
the BBB to EB were as follow~: for the internal capsule, 
between 340 and 680 W sec/~m (Fig 4); for the thalamus, 
approximately 1326 W sec/cm (Fig 5); 2and for the caudate 
nucleus, between 2284 and 2952 W sec/cm (Fig 6). Based on 
gross and light microscopic examination of sections, no 
hemorrhage was detected in the radiated targets. 
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Fig 4. Bar graph for the internal capsule (white 
matter) indicating animal identification number, presence or 
absence of Evans blue (EB) and corresponding ultrasound dose; 
L - left, R - right, C - cat and 0 - dog. 
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The areas of BBB permeability and of histologic lesion, 
both as a function of radiation dose, were determined for two 
dogs (Table 1). Because the circulation times for EB were 
different, interdog comparisons of permeabilities were not 
made. The following intradog trends appeared to be present 
for white matter (internal capsule) and gray matter 
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E8 absent 
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'" !:; 
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1000 . 

Fig 5. Bar graph for the thalamus (gray matter) 
indicating animal identification number, presence or absence 
of Evans blue (EB) and corresponding ultrasound dose; L -
left, R - right, C - cat and D - dog. 
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( thalamus) : (a) as the dose was increased, the areas of EB 
and lesion were increased; (b) for a specific dose, the area 
of EB was greater than that of the lesion; and (c) for the 
same target, an increase in dose resul ted in a greater 
increase in EB area, and an even greater increase in lesion 
area (e. g., for the internal capsule of dog D4549, a 68% 
increase in dose resulted in a 112% increase in EB area, and 
a 510% increase in lesion area). 

DISCUSSION 

Good precision obtained for the preselected vs delivered 
voltage to the transducer (mean difference of -0.03%, range 
-6% to +6%) and for the preselected vs delivered dose to the 
target (mean difference of +0.3%, range -10% to +11%). Good 
prec~s~on is important because small differences in the 
preselected vs delivered voltage (Vpp) can result in large 
differences in the preselected vs delivered dose; this 
situation obtains because the dose is a par~ial function of 
the square of the peak-to-peak voltage «Vpp) ) (4,5). 

For each radiation, the area occupied by the EB was 
greater than that of the LX (Table 1) - thus suggesting that 
BBB changes may have been induced in the perilesional area 
without attendant cell damage; however, interstitial 
diffusion of EB cannot be ruled out as a mechanism 
contributing to its extra-Iesional location. Bakay et al 
(2) applied transdural high intensity pulsed focused 
ul trasound (2.5 MHz, 30 - 50 pulses of 0.4 sec du~ation at 
one pulse per sec, intensity approximately 600 W/cm ) to the 
cat brain and reported that the area occupied by 32P was 
greater than that of the trypan blue. The increased 
distribution of 32P was attributed to its smaller size and 
thus more ready egress from the vascular compartment. The 
few other reports of ultrasound induced modification of the 
BBB were based on using trypan blue as a macroscopic 
indicator of histologic lesion location and did not include a 
quantitative assessment of barrier changes (e.g., dose
response curves) (6,1). 

Lesion threshold dose for WM (internal capsule), which 
corresponded to ~hat for BBB threshold dose, was between 340 
and ~80 W sec/em (Fig 4). A dose of 680 W sec/cm2 (I = 349 
W/cm ; t = 2.0 sec) resulted in a WM lesion of 0.52 mm 
(Table 1; 04549). Lesion threshold dose for GM, which 
corresponded to that f02 BBB threshold dose, was 
approximately 1326 W sec/cm 2for the thalamus (Fig 5) and 
between 2284 and 2952 W sec/em for the caudate nucleus 
(Fig 6). 

For tumors implanted in animals and treated wi th high 
intensity focused ultrasound, decreased tumor volume and 
increased survival time have been report~d (8,9,10). The 
decrease in volume was attributed primarily to direct 
ultrasound destruction of tumor cells and perhaps secondarily 
to an increased immune response. Fry and Johnson (8) 
reported a significant increase in surviva~ time for hamsters 
with ultrasonically (1.11 MHz, 901 w/cm, 7 sec) treated 
medulloblastomas (subcutaenous implantation). Goss and Fry 
(9) reported a significant decrease in tumor volume for rats 
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2 with ultrasonically (4 MHz, 1600 w/cm, 4 sec) treated 
Yoshida sarcoma (subcutaneous implantation). Kishi et al 
(10) reported a significant increase in s~rvival time for 
mice with ultrasonically (944 kHz, 1600 W/cm , 4 sec) treated 
murine glioma (subcutaneous implantation); also, although 
there was no signficant increase in surv~val time for mice 
with ultrasonically (944 kHz, 1000 W/cm, 2 sec) treated 
murine glioma (parietal lobe implantation), histological 
examination revealed focal destruction of the radiated 
tumors. In summary, these animal studiez; employed an 
ultrasound dose range of 2000 - 6400 W sec/cm for destroying 
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Target : Caudate Nucleus 

Fig 6. Bar graph for the caudate nucleus (gray matter) 
indicating animal identification number, presence or absence 
of Evans blue (EB) and corresponding ultrasound dose; L -
left, R - right, C - cat and D - dog. 
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subcutaneous and parietal lobe implanted tumors 
(medulloblastoma, sarcoma and glioma). However, no 
determination of a threshold~ose, which may be significantly 
less than 2000 W sec/cm, for tumor destruction was 
addressed. For the study reported herein, the minimum dose 
that resulted in focal destruction (and increased BBB 
permeabi~ity) of normal canine brain gray matter was 1326 
W sec/cm (thalamus; Fig 5). It is of great importance that 
the threshold dose(s) for destroying brain tumors and 
modifying the permeability of the peri tumoral BBB be 
determined. 

Currently, the recommended treatment of supratentorial 
malignant gliomas consists of· maximal tumor resection, 
followed by whole-brain and coned-down radiotherapy plus 
chemotherapy with a nitrosourea (e.g., BCNU, MW 214) (11); 
however, median survival time is only approximately 12 
months. Experimentally, two prom1s1ng chemotherapeutic 
agents are monoclonal antibodies (MAbs) (12) and immunotoxins 
( 13); e . g., the MAbs IgM ( MW 1,000,000) and IgG F ( ab I ) 2 
fragments (MW 100,000) (14), and the protein toxin ricin (MW 
65,000) (13). Delivery of these agents to brain foci, at 
systemically nontoxic doses, requires increasing the BBB 
permeability (12). This report describes the focal 
modification of the normal BBB to the EB - Albumin complex 
(MW 80,000); additional studies are required to determine if 
the permeability can be increased with ultrasound for the 
larger MW immunologic agents. 

In summary, it appears that high intensity focused 
ultrasound may have the potential for treating brain tumors 
based on cell destruction by two mechanisms - direct, by the 
ultrasound and indirect, by an antineoplastic agent which is 
delivered via an ultrasonically modified BBB. 
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CLINICAL EXPERIENCE WITH LOCAL HYPERTHERMIA IN ROTTERDAM 

J. Van der lee, GC Van Rhoon, MP Broekmeyer-Reurink, AEM 
Kuijs, AP Van Den Berg, 0 Treurniet-Donker,WLJ Van Putten 
and HS Reinhold, 

The Dr. Daniel den Hoed Cancer Center Rotterdam, Erasmus 
University Rotterdam, Radiological Institute TNO Rijswijk, 
The Netherlands 

In the Rotterdam Cancer Center, local hyperthemia has 
been applied clinically since 1979. Experience has lead to 
the development of a 433 MHz multi-applicator multi
generator system for heating superfically located tumors. 
Temperatures are measured using multi point optical fiber 
probes within closed tip catheters. Hyperthermia is 
generally given in combination with a series of 
radiotherapy. At present, 360 patients have been treated on 
a total of 440 fields (over 3000 treatment sessions). 
Various analyses of the results achieved have been 
performed. The findings indicate how and when HT can be 
useful. 

Analysis of the influence of "minimum hyperthermia dose" on 
response 

One hundred and twelve patients with various carcinomas 
were treated with radiotherapy and hyperthermia, using non
invasive techniques, and had evaluable tumor responses. 
Radiotherapy dose ranged from 13-70 Gy (except for one 
patient receiving hyperthermia alone) with a mean of 28.6 
Gy. The combined treatment was primarily aimed at glvlng 
palliation; 79% of the patients had received previous 
irradiation of the same area. Hyperthermia was given twice 
weekly following radiotherapy. From the temperature data 
collected, 12 different parameters expressing the 
hyperthermia "dose" were derived. The various parameters 
for both treatment modalities, i.e. radiotherapy and 
hyperthermia,and some of the tumor parameters were 
statistically evaluated with respect to their influence on 
tumor response. Only the first field treated in each 
patient was included in the analysis.' The overall response 
rate was 87% including 33% complete response. The complete 
response rate increased with increasing radiotherapy total 
dose, i.e. from 23% (14-25 Gy) and 36% (28-36 Gy) to 62% 
(~38 Gy). A positive correlation between the tumor 
temperature parameter representative if the coldest spot in 
the tumor, and the level of response was also found. 
Response level appeared to be determined to a considerable 
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extent by radiotherapy total dose as well as tumor volume. 
The correlation between response level and the mlnlmum 
hyperthermia dose parameters persisted, however, after 
correction for the influence of tumor volume and 
radiotherapy total dose (14). 

Results of 8 x (4 Gy plus hyperthermia) in recurrent 
breast cancer. We have previously reported the results of 
reirradiation (RT) plus hyperthermia (HT) in recurrent 
breast cancer (15). The schedule 8 x (4 Gy plus HT) in 4 
weeks was applied to 28 patients in this series, resulting 
in a complete response (CR) rate of 61%. Th~ CR rate was 
significantly higher in small tumors «15cm ;93%) than in 
1 a r g e r tum 0 r s (> 15 c m3 ; 23% ). Sin c e the ear 1 i era n a 1 y sis, 80 
more fields in 71 patients with recurrent breast cancer have 
been treated with the same schedule. The mean radiation dose 
applied to the same field previously was 45.2 Gy. Tumor 
response was evaluable in 54 fields. CR was achieved in 83% 
of the fields, which is considerably higher: 71% (2p 0.016). 
Although the areas treated were large (one third of the 
fields were over 300 c~, the acute toxicity was mild and 
generally gave no clinical problems. In only one patient a 
radiation ulcer developed in the axilla, at a site where 
already before treatment, severe telangiectasis existed due 
to the previous radiotherapy (50 Gy). 

DISCUSSION 

The finding of a dose-effect relationship for the 
hyperthermia dose parameter respresentative of the coldest 
spot within the tumor is essentially in agreement with 
findings of other investigators who have applied the concept 
of "minimum" hyperthermia dose (1,8,9). In our opinion the 
observation of such a dose-effect relationship for 
hyperthermia in clinical material in which so many factors 
influence the outcome of therapy is very supporting. For 
clinical practice this finding means that thermometry should 
be performed at as many sites as possible and that it is 
worthwhile to strive for tumor temperatures as high as 
possible. 

Analysis of the results in patients with recurrent 
breast cancer in previously irradiated areas has shown that 
a treatment schedule of 8 x ( 4 Gy plus HT) in 4 weeks is 
safe,effective and well tolerated and thus provides good 
local palliation. With radiotherapy alone at relatively low 
doses (30-35 Gy), CR rate varying from 37 to 88% 
(2,4,5,6,10,11,12,13,15). With the radiotherapy schedule of 
8 x 4 Gy alone, used in the RTOG 81-4 study, the CR rate 
achieved in patients with breast adenocarcinoma was 33% 
(ll),which is significantly lower than the 61% achieved with 
the 8 x (4Gy plus hyperthermia) schedule in our early 
patient series (Fisher's exact 2p 0.014). 
The improved results in our later series probably reflect 
the development and use of a better heating technique, i.e. 
of a multi-applicator multi-generator system operating at 
433 MHz. These improved results with the better heating 
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system illustrate the importance of adequate heating. The 
results of the later series confirm the conclusions of our 
previous analysis (15): 8 x (4 Gy plus hyperthermia), twice 
weekly, is a safe and effective locally palliative treatment 
for patients with breast cancer recurring in previously 
irradiated areas. 

This study was financially supported by the 
Cancer Society, grants nos EUR 77-4 and RRTI 83-4, 
the Stichting Willem H. Kroger. 
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WHOLE BODY HYPERTHERMIA EXPERIENCE IN BREAST CANCER AT 

AMERICAN INTERNATIONAL HOSPITAL 

Robert D. Levin, Ranulfo Sanchez, Young Doo Kim, 

Alfonso Mellijor, Mary Ann Doyle, William 

Simonich, and R. Michael Williams - American 

International Hospital, Zion, Illinois (U.S.A.) 

One hundred thirty nine patients with metastatic breast 
cancer were seen at American International Hospital during 
the years 1982-86. Forty two evaluable patients received 
whole body hyperthermia (WBH) via the the heated water blan
ket technique of Barlogie et al' and of Larkin et al2 with 
chemotherapy. Our 1985 research protocol outlined a plan of 
initial chemotherapy for up to two months, with WBH added in 
poor responders. We attempted to achieve a core body temper
atures of 42.2° C for two hours. Chemotherapy began 18 hours 
after completion of WBH. This was done to utilize WBH under 
optimum conditions, and to gain experience with a wide range 
of chemotherapy drugs, each given in combinations and doses 
chosen to be optimum for patient care independant of WBH. 
These studies were primarily intended to evaluate the safety 
of both forms of therapy given sequentially. 

Eligibility criteria included: histologically proven 
malignancies, with life expectancy> 12 weeks, Zubrod per
formance status <= 3, age> 15 years, serum creatinine < 2 
mg/dl, pulmonary vital capacity> 75% of predicted, and an 
absence of brain metastases. Patients with prior radiother
apy to the spine were accepted, but we preferred to exclude 
those with radiotherapy to the spine within 90 days. Cardiac 
screening is important, for patients with significant 
cardiac disease are unlikely to tolerate the stresses of 
WBH. Electrolyte abnormalities should be corrected and the 
electrocardiogram should not evidence a significant arrhyth
mia. Consultation with cardiologists, and special studies, 
may be needed to help determine eligibility for WBH. 

We have recently completed a more comprehensive review 
of our evaluable patients with breast cancer who began 
therapy at AIH from 1982 - 1986, including 42 patients who 
received WBH and chemotherapy and 44 who received only 
chemotherapy. Proportional hazards statistical analysis3 

identified that survival depended upon Zubrod performance 
status, tissue hormone receptor (Estrogen and Progesterone), 
number of prior chemotherapy regimens that were previously 
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Table 1. comparisons of median time to tumor progression 
(TTP) and median survival in patients with and without WBH 
who were matched for clinical risks. 

GROUP Number TTP(days) survival (days) 
of pairs Control WBH Control WBH 

Total group 28 165 169 398 364 
Liver Metastases 8 92 179 203 228 
Visceral Mets. 18 116 153 279 239 
No Prior CH 11 290 292 457 487 
Failed Prior CH 15 80 157 318 239 
ER and PrR + 7 290 179 638 487 
ER and PrR- 4 165 117 279 339 
Perf. status >2 6 28 117 235 153 

failed, and infiltration of tumor into visceral sites. These 
factors were independent of the effects of WBH. 

In this group including extensively pretreated patients, 
38 patients responded either completely, partially, or mini
mally. A logistic regression model4 of response identified 
an increased chance of response with a positive estrogen 
receptor assay (p=0.0031) or with the use of doxorubicin 
(p=0.031). A decreased chance of response was noted in 
patients with prior chemotherapy for metastatic disease 
(p=0.012) or in patients with visceral metastases (p=0.02). 

Chart 1. Median survival in 28 WBH and 28 risk-matched 
control patients who received doxorubicin chemotherapy. 

PERCENT SURVIVING 

DAYS FROtl FIRST THERAPY 

-+ 28 CONTROL 
....... 28 YBS 

Clinical data of 28 evaluable patients who received WBH 
and doxorubicin were matched with data of 28 patients who 
received only doxorubicin in an effort to identify strengths 
and weaknesses of WBH. Risks in both groups were matched 
strictly with parameters of ECOG performance status, number 
of prior chemotherapy regimens failed, tissue hormone recep
tor status (estrogen and progesterone receptor), and the 
presence of visceral disease. Multiple subgroup analyses 
could then be done on matched pairs, but as expected, no 
statistical inference could be obtained with such small 
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groups. Nevertheless, these studies produced several inte
resting results, shown in Table 1. 

From this we conclude that overall groups had similar 
response durations and survivals, in spite of the fact that 
WBH patients were selected on the basis of not having an 
early response to chemotherapy, Chart 1. There seems to be a 
prolongation of TTP in patients with high risk characteris
tics such as liver metastases, failing prior chemotherapy, 
and having poor performance status. The sample groups were 
too small for meaningful statistical analysis and further 
patient accrual will be necessary. These results could not 
be correlated with the doxorubicin dose intensity calculated 
in mg/M2/wk. 

Chart 2. Median time to tumor progression in 28 WBH and 28 
risk-matched control patients who received doxorubicin 
chemotherapy. 

PERCENT IN REHISSION 

DAYS FROtl FIRST THERAPY 

-+- 28 COIITROL 
___ 28 'iBH 

Chart 3. Median time to tumor progression in 15 WBH and 15 
risk-matched control patients who had failed at least one 
prior chemotherapy regimen, and who then received 
doxorubicin chemotherapy. 

PERCENT IN REHISSIOII 

DAYS FROtl FIRST THERAPY 

-+- 15 CONTROL 
___ 15 'iBH 

Calculations of the thermal dose according to the algo
rithm of Houston Dewey5 were measured, standardizing to eqi
valent minutes of therapy at 42oC. Thermal doses among 40 
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patients were normally distributed around a mean of 306 
minutes, S.D.= 46, range 190 to 433, and median 299 minutes. 
The thermal dose had no association with either tumor res
ponse or with survival. with our procedure, there was little 
variation in thermal doses between treatments, with most 
variation occurring due to slower heating phases evident in 
patients with a higher total body mass. 

Chart 4. Median survival in 18 WBH and 18 risk-matched 
control patients with visceral metastases, all of whom 
received doxorubicin chemotherapy. 

PERCENT IN REtlISSION 

DAYS FROH FIRST THERAPY 

-4- 18 CONTROL 
___ 18 WBH 

Several distinct benefits for WBH were suggested in these 
retrospectively matched groups. The effects were not evident 
in the overall groups because of inclusion of some good risk 
patients with positive hormone receptor tests or with previ
ously untreated patients whose initial chemotherapy was 
relatively effective. The design of the studies to include 
only patients without an excellent response after initial 
chemotherapy may well underly these conclusions. Current 
studies for breast cancer patients include randomized pros
pective trials to clarify the role of WBH, including trials 
for patients with, and without prior doxorubicin therapy. 

CONCLUSION 
The responses of patients with metastatic breast cancer 

who received WBH and chemotherapy have not correlated with 
thermal dose intensity or with doxorubicin dose intensity. 
This suggests that other mechanisms of activity may be in
volved. Nevertheless, clinical remissions may be achieved 
in patients whose disease is refractory to multiple 
chemotherapy regimens, and transient benefit and pain 
control can provide individual patients with new hopes. Our 
studies continue, and include additional studies of immune 
function during and after WBH, as well as prospective 
randomized trials to delineate further the clinical role of 
WBH. 
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Recorded evidence for the secretative healing properties of fever can be discovered as early 

as within the Greek legends of Parmenides and Hippocrates. Thru time, this phenomenon 

repeatedly appeared within the published reports of such well known European physicians 

as Thomas Sydenham. These findings continued to gather substantiation from the numerous 

experiments performed during a time span extending from the end of the last century, until 

the advent of scientifically-oriented medical education. 

Prior to the development of antibiotics, infectional diseases were commonly treated with 

hyperthermia. Interestingly, the highest success rates achieved with this form of therapy 

were those attained in cases of gonnorhea (70 to 75%). The significance of hyperthermia in 

the treatment of infectious disease was overshadowed, however, by the published report of 

the famous Viennese psychiatrist Wagner Jauregg on the successful healing of patients with 

the central nerveous form of syphilis through vaccination with malaria tertina pathogens. 

Though the positive clinical results achieved with hyperthermic treatment could be 

scientifically proven through diversified laboratory animal investigations, it's significant use 

has been all but forgotten by modern medicine. 

Up until the turn of the 19th century an "era of hyperthermic treatment" prevailed. It was 

during this time that the work of Bruns, (in 1887), appeared directing initial attention to yet 

another aspect of pyretotherapy, the treatment of tumors. William Coley is actually 

attributed with being the first to encompass hyperthermia within a cancer treatment protocol, 

whereby advanced stadium cancer patients were administered a suspension of attenuated 

streptococci, resulting in bouts of approximately 40 °C fever for over a period of 24-36 

hours. He later switched to a mixture of bacterial toxins. In his initial findings Coley 

reported astounding cases of remission, but his data could not be duplicated by other 

investigators due to the complicated and difficult production process of a standardized 

bacteria culture possessing a constant toxicity. 
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Consequentially, numerous further investigations sought yet other methods to artificially 

overheat the human body. Once again, these studies could report impressive results in 

individuals, but the patient collective was so small that it could only be viewed as an 

ongoing list of case reports rather than an systematically organized clinical investigation. 

There is also no found evidence that these attempts were carried by an experienced clinician 

over an extended period of time. And so it appears that the original enthusiasm expressed for 

clinically applied hyperthermia had dimmed. Evidently, all of the reported attempted 

investigations had involved whole body hyperthermia. This is not to say that perhaps other 

further studies did not exist in this area, but their results were never published. 

In 1953 H. Nauts, the daughter of William Coley further carried out her father's work 

using the Coley-toxin. Her results were published as a retrospective study of 1200 patients 

over a time span of 35 years in which she described an astonishing survival rate of 60%. 

Nauts postulated a direct connection between response rate, and the degree as well as the 

length of fever. In 1971, a paper from Miller appeared in Cancer describing his experiences 

using Coley's-toxin in combination with classic cancer therapy in achieving an overallS year 

survival of 64%. These results distinguish themselves essentially from those of other 

studies. 

There is a difference of active and passive warming. An active warming in that the body 

itself takes over rising temperature production, whereby all of the physiological functions 

are forced to strongly react. Sedation of the patient would only lead to a halting of the 

process. It becomes clear at the same time that controlled regulation of a rising temperature 

level is impossible to dictate, and is left strictly up to coincidence. In most of the early 

investigations the maximally achieved level of fever was mucher lower than 41.8° C, which 

has been experimentally proven necessary for a suitable hyperthermic effect. In cases of 

passive warming, it is sensible to sedate the patient in order to protect against any possible 

pathophysiological overreactions. Perhaps an explantation for the particularly good response 

achieved with autohyperthermia is the yet unclarrified, pathophysiological feedback or 

control mechanism it induces, through which a tumor is biologically attacked. Methods for 

active warming are described by W. Coley and M. von Ardenne. 

In sharp contrast to active warming, the procedure of temperature increase, maintenance and 

length of duration during passive warming can be accurately regulated as well as reproduced 

in later instances. Various methods for passive heatings are described and successfully 

tested in animals and patients in the last 30 years. First was Pettigrew who placed the 

patients in melted wax. At the same time v. Ardenne used a water bath. More modern 

concepts were decribed by Pomp and others who used a chamber with different radiation 

energys. Bull et al are using hot air in a Clinitron-bed or special water suits. Robbins 

reported about a radiation chamber where patients could undergo whole body hyperthermia 

without anesthesia. Especially his results are very promising. All this heating systems are 
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using external warming. A different way was described by parks who used an extracorporal 

circuit for internal wanning. This method is used in our clinic too. 

Before going on any further, there is a brief list of the potential target areas where 

hyperthermia exercises it's direct and indirect effects, while here lies an additional 

explantation for the success or failure of total body hyperthermia. 

An essential factor is the transpositioning of the circulation within the entire organism with 

total body hyperthermia. At lower body temperatures levels at the beginning of treatment, 

the tumor capillary bed is well supplied with blood. This alters drastically, however, 

following initiation of hyperthermic therapy in that the tumor experiences a drastic reduction 

in blood flow. Parallel to this, a relative hypoxia occurs, which is further aggravated by a 

wannth-stimulated energy requirement. In cases of extended exposure, the pH level drops in 

the face of hyperacidity, and the compensation mechanisms of the body become 

overexhausted. The result is stasis of the tumor perfusion. 

The point of attack to the basal membrane is just as complex. Regardless of the amount or 

type of lipid and protein composition, an increase in membrane viscosity occurs, and with 

that, increased membrane permeability. Both effects are directly responsible for an 

impressive interstitial edema, which can also be observed within healthy tissue, but is 

reversible there after a short period of time. The effect of hyperthermic therapy at the 

cellular level is even more complicated and has been already described in detail elsewhere. 

Several studies have demonstrated a postive reaction within the immune system to total body 

hyperthermia. Patients from our own investigation showed a sustained increase in 

T-lymphocytes. Yet another fascinating subject is the impact of the psyche on tumor 

treatment. This aspect is already undergoing intensive investigation. It was most impressive 

to observe the notable improvement in mood and attitude of those patients who had 

previously undergone unsuccessful classic tumor treatment, once they had become a part of 

our hyperthermic treatment program. 

All of these elements can be tied into the impressive results delivered by hyperthermia. This 

corresponds, as well, to the positive findings reported by various groups investigating the 

impact whole body hyperthermia exerts on tumors. 

What remains, however, are still-active parameter tumor cells which have managed to 

avoid being sufficiently damaged. Though tumor cells appear to be highly sensitive to 

hyperthermia, it is more important to recognize that healthy organs are capable of protecting 

themselves through autogenic feedback or control mechanisms (for example the various 

buffer systems in blood). Tumor cells who manage to situate themselves close to healthy 

tissues may actually find protection in this refuge. This hypothesis places several results of 

cell culture research in question, but serves as the best possible explantation for the 

phenomenon of rapid tumor recurrence in humans and experimental animals following 

single hyperthermic therapy. The post hyperthermic phase, involving subtherapeutic 

temperatures, presents an ideal growth milieau for tumor cells, and for this reason, 
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hyperthermic treatment alone, even at such extremely temperature levels of 42.50 C and 430 

C, is solely inadequate in tumor treatment. Those remaining active parameter cells represent 

a clearly suitable target for concomitant cytostatic and/or radiational therapy. The question is 

how would cystostatic medications react in the presence of such high temperatures within 

the human organism? Would they become prematurely inactivated? The maximum core 

temperature for whole body hyperthermia in men has been defined as 41.8 0 Celsius for a 

long time. This temperature can be tolerated by patients without temperature related major 

problems 6 hours and longer - as is shown in literature. 

Encouraged by the work of Leon Parks an interdisziplinary group was established in 1981 

in our hospital to start a pase I research project for extracorporal induced whole body 

hyperthermia. Our patients had been treated before ineffectually by chemotherapy, surgery, 

or radiation. Survival time was exspected to bee under 6 months. The Karnofski-index was 

between 60-80%. Most patients suffered from tumor induced pain. 

A fin protocol was defined as follows: Plateutemperature of 41.80 C for 6 hours. Induction 

of hyperthermia via extracorporal circuit as quick as possible (time 35 min - 70 min; 

shunt-flow 1200 - 1600 ml/min). Additional chemotherapy was given in all therapies in a 

normal dose during heating phase ( 39.0 °C ). On-line temperature monitoring with precision 

of 1/10 °C in the urinary bladder, esophagus, rectum, pulmonary arterial blood, inspired air 

and blood supply. Given balanced anesthesia and artificial ventilation during whole 

procedure. Invasive monitoring of cardiovascular reaction, pulmonary funktion, and blood 

serum contents very close until some days after treatment. Patients had been in ASA groups 

11- IV. 

Using the 1. protocol we treated 20 patients in 44 wbh of 4 different groups: 1. Colorectal 

carcinoma, 2. gastric carcinoma, 3. malignant melanoma, 4. various tumors. Our overall 

response rate was about 27 % together with pain relieve and augmented Karnofski-index. 

Exspected livespan was prolonged by improved quality of live. Histological investigationes 

also showed necrosis of the peripheral tumor zones. 

The cardio-vascular changes in men associated with wbh are published in various reports. 

An increase of cardiac output is attracting notice as almost essentially which sometimes 

achieve more than the triple of baseline value. At the same time the heart rate is rising to 

value about 130 bpm. Stroke volume is more closely due to cardiac output can duplicate 

itself and alternate regulary with the heart minute volume. At the same time the total vascular 

resisitance and the pulmonary vascular resisitance decrease until to 50% of baseline value. 

Thereby the cardiac work of the left and the right heart is able to maintain in normal value. 

The resulting work-load by WBH corresonds to light until to intermidiate activity. That can 

be reason for observing heart-failures at no time. The pulmonary function is closely due to 

blood circulation. The augmented basal metabolism and the physical load leads to an 

increase in oxygen consumption and carbon dioxyde production. At the same time an 
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increase of the of the intrapulmonary right-left-shunt is occuring until to 30 %. As a result of 

the high cardiac output the availability of oxygen increases likewise, that the oxygen 

extraction rate continues almost constantly; therefore it results no oxygen debt. The high 

carbon dioxyde production requires a duplication of the respiratory minute volume. Thus 

pulmonary functions must be controlled continuosly. During wbh an extreme vasodilatation 

occurs with an fluid and electrolyte shift requiring an adapted infusion protocol of about 350 

mVm2 bs crystal fluid with special components. Similar effects are described by other 

authors. 

But our clinical results in tumor destruction in patients were not like described in literature 

for animals and cell culture. Therefore in following protocols we varied the time of the 

.plateau-temperature for research in time-temperature-relationship. The time of 

plateau-temperature was changed for different groups: 10 h (n = 2), 4 h (n = 17), 2 h (n = 

36). Due to the small groups of patients in each time-protocol no statistically comparable 

results could be drawn. But our feeling is that a plateau-time of 2-4 hours is adequat for 

tumor-cell-killing in wbh. 

In the last years a lot of groups have been founded to work in the field of whole body 

hyperthermia in animals and men. The number of patients who have been treated will be 

some thousends now. But there is only little report in literature. This may be due to some 

facts; The absolute number of comparable patients and tumors in each group is very small. 

There are no randomised studies. It is more a long list of case reports. All patients have been 

treated before unsuccessfully by other therapies. Therefore the results in clinical wbh are not 

really comparable to those of the classical tumor therapies. The try to compare these with the 

laboratory work in animals and especially cell culture will show worse results. There is a 

feeling of a missing link. Ethical reasons will prevent to use some of the results of 

laboratory research in men. 

Concerning of temperature effects in men you can find various reports of even higher 

temperature in fever, heatstroke, and other diseases where the patients regain their health. 

Working with an extracorporal-induced hyperthermia model as we do, you will find 

overshooting temperatures ( 0,2 - 0,4 ° C ) in different organs very often. These findings are 

never accompanied by serious damage. In early work with rabbits and guinea pigs we we 

were able to reach core temperatures up to 43 ° C without clinical problems and detectable 

serious histological damage. Above 43 ° C all animals died within some minutes or at last· 

during the cooling phase. 

With this knowledge we started a wbh-protocol with a 2 hours plateau and a core temperatur 

of 42,2 ° C for 10 treatments. All our tests showed no differences in cardio-vascular action, 

pulmonary function, and blood samples to the former treatments. Encouraged by these 

results in a second protocol we again raised the core temperature to 42.6 °C at the same 

duration ( n = 4 ). Clinically we observed an extensively augmented cardiac output 

syndrome 3.5 times of baseline value and a prolonged awakening after anesthesia, which 
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could possible be the effect of a of slight brain edema. After one day in the ICU the outcome 

was normal. There was no need for prolonged artificial ventilation. 

In a third protocol ( n = 10 ) temperature was again set to 42.60 C for a 2 h period. After 1 h 

the temperature was again raised to 43 0 C for a maximun of 15 min. The second heating 

time was almost between 30 - 45 min. This maximum core - temperature in our protocols 

had been associated by an increased cardiac electric instability at least after 20 min. For this 

reason we had to stop the heating. Clinical patients developed a brain edema lasting for some 

hours longer than under the wbh - treatment with 42.6 0 C. But almost one to two days after 

treatment patients react quite normal, only a few direct temperatur related defects co~ld be 

detected. These are related to the light brain edema lasting for some days and an even bigger 

raise in liver enzyms in the plasma than after normal wbh. 

In our opinion these findings are: patients are under general anesthesia which protect them 

from overshooting pathophysiologic reactions as an example barbiturate anesthesia is used 

beneficial for the therapy of traumatic brain edema. Close control of cardio-vascular action 

and the direct possibility to react on oncoming problems asshures the neccessary circulation. 

With artificial ventilation the oxygen availibility and carbon dioxyd elemination is sufficient. 

Changes in blood values~ due to the extra-intra cellular shift can be treated immediately. 

Working with wbh without anesthesia which is possible with the machine developed by I. 

Robbins and his group is very striking. It is very simple, needs only a small number of 

personal and therefore saves a lot of costs. But anesthesia is not harming a patient under 

wbh as it is pointed out in literature very often. Anesthesia means a better control of physical 

reactions and so is very helpful. With our protocol we could treat patients in a reduced 

physical state. For example one of them had 2 cardiac infarctions in his history. A lot of 

them had no physical training for months because of tumor related pain. 

But anyway we could not find significantly more tumor destruction with the extreme core -

temperature than under a normal wbh - protocol. Therefore we came back to the saver 

protocol with a plateau-temperature of 42.2 0 C - 42.5 0 C. Further inverstigations with a 

larger number of patients will show if a time-temperature relationship as known by basic 

research has an effect for cancer patients as well. It could be that with a different and more 

successful adjuvant chemotherapy the protocol with the extreme temperature may be used 

again. With our protocol now we feel safe in wbh treatment even when temperatures above 

42 0 C are aspired. Our experience comes from 116 whb in 50 patients with a total 

temperature plateau time of about 457 hours. The number and the severity of side effects is 

comparably low in this radical therapy. It is the aim to communicate that 43 0 C are able in 

man during wbh at least for a period of 30 min and that the side-effects are not the protocol 

limiting feasibility. In the light of these preliminary results, the rationale for regional 

hyperthermia treatment should be reconsidered, because wbh is the only hyperthermic 

procedure, where the tumor and occult metastases can be heated. 
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THERMAL INDUCTION AND TEMPERATURE CONTROL IN THE HYPERTHERMIC ANTIBLASTIC 

REGIONAL PERFUSION WITH EXTRA CORPOREAL CIRCULATION 

ABSTRACT 

M.Pace, A.Filomena and A.Galli 

l.st Surgical Clinic, University of Florence, Florence, 
Italy 

An optimal treatment temperature choice is based on a compromise be
tween the higher values desirable for best synergic effects between heat 
and drugs and the lower values required to avoid drug inactivation and 
tissue damage. Temperature uniformity throughout the limb under treatment 
favors approaching the highest temperature compatible with the above 
compromise. Several modifications have been introduced in the methodology 
during our experience consisting of more than 100 perfusions. The 
induction of true hyperthermic temperatures (41. 5-41. 8 ·C) is achieved 
both heating the perfusate and directly heating the limb by means of a 
warm-water circulation blanket, thus insuring an optimal thermal flow to 
the superficial tissues. Devices in the extra-corporeal circuit have also 
been adopted to obtain a fast and accurate perfusate temperature control. 
The following results can be obtained: (a) a short delay time is required 
to reach the therapeutic temperature range; (b) the perfusate temperature 
is maintained at a value close to 40 ±O. 5 • C during the whole hyper
thermic phase of the treatment; (c) the various districts of the limb are 
maintained at substantially homogeneous hyperthermic temperature. 

INTRODUCTION 

One of the fundamental problems in the optimization of the method was 
the definition of the thermal range where the limb heating was to be con
tained1 ,2,3. In fact, high temperatures ( >42 ·C) are desirable for their 
damaging potential against the malignant cells, but these high tem
peratures render the treatment complex and hazardous for their toxic ef
fects on the healthy tissues and for the thermal inactivation of the 
cytostatic drugs4 •5 ,6. 

As a compromise, temperatures in the range 41 to 42 ·C have proved to 
be able to enhance the therapeutic effects both for their synergic ef
fects with the drugs and because heat favours a better tissue perfusion, 
whereas the inactivation effects remain within acceptable limits. 

Consensus on Hyperthermia for the 19905 
Edited by H. I. Bieher et al. 
Plenum Press, New York, 1990 
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On the basis of the previous assumptions, the regional isolated 
hyperthermic-antiblastic perfusion has entered the clinical application 
stage for the treatment of limb tumours in advanced loco-regional phases. 
It is however still subject to technical and methodological improve
ments4 ,7,8,9,lO,l1. Several modifications have been adopted in our operating 
procedure and the following some improvements mainly related to heating 
optimization and temperature control will be presented and discussed. 

CLINICAL OBSERVATIONS AND REMARKS 

When inducing hyperthermia by means of the heated perfusate, one can 
observe that at the start of the perfusion the limb is at a relatively 
low temperature, usually below 36 ·C, hence extended time duration is 
needed to reach the hyperthermic range. Additional considerations are 
suggested by the temperature readings at the level of muscle, subcuta
neous and skin of the arm/forearm or thigh/leg respectively, as follows. 
The temperature in the arterial line of the circuit must be maintained 2 
or 3 ·C above the target temperature. Subsequently, during the steady
state phase, this temperature gradient can be reduced but is still 
present. Furthermore, the various parts of the limbs tend to exhibit 
highly dishomogeneous temperature distributions, with muscle tissues 
reaching higher values with respect to subcutaneous which in turn is at a 
higher temperature than the skin. Temperature differences are more 
evident at the thigh and especially in patients h.aving thick adipose 
tissue. Higher temperatures are reached more rapidly in the distal rather 
than in the proximal districts. 

The above observations are important in that the therapeutic effect 
is to act in the entire limb, and especially on the surface tissues when 
the lesions are localized at the cutaneous and/or subcutaneous level 
(melanoma, spinocellular carcinoma etc ... ). 

When considering, additionally, that the high-temperature cytostatic 
inactivation occurs even in the circuit and that the synergism between 
hyperthermia and drug is the more effective the higher the temperature 
(below the inactivation value), it follows that optimal temperature dis
tributions must be carefully planned in respect of the above conditions, 
with temperature monitoring in the arterial line of the circuit and 
temperature-gradient monitoring in the various anatomical districts of 
the limbs. 

Thus, on one side, reaching temperatures as high as 41. 5 -41. 8 • C at 
the surface tissues (where the lesions are present) is desirable for best 
therapeutic effects but, on the other side, higher temperatures must be 
accepted in the deep tissues and in the perfusate with the known unde
sirable effects of tissue damage (which is at the basis of the com
partmental syndrome) and of the increased thermal inactivation of the 
drugs. In other words, containing the temperature level in the deep tis
sues and in the circuit at values not higher than 42 ·C causes limiting 
the maximum subcutaneous and cutaneous temperature to 38-40 ·C. 

TECHNICAL PROCEDURE AND RESULTS 

We discuss here our heat-induction criteria aimed at improving safety 
and effectiveness and the technical implementation means developed during 
our clinical experience of more than 100 perfusion10 ,9. 
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Figure. 1 Behavior of the temperature distribution vs. time. Average in 
22 treatments. Lower limb. 

During the vascular isolation phase and the insertion into the 
extra-corporeal circuit the limb is heated to 38 ·C (as measured at the 
subcutaneous) by means of a thermostatic water blanket wrapped around the 
entire limb. The prime is heated to 39 ·C. At the beginning of the perfu
sion, after controlling the leakage, the cytostatic drug is administered 
(when more than one is used, time intervals of 10 min. occur between one 
administration and the next). The subcutaneous temperature is maintained 
at 38-39 ·C for 10 minutes. Subsequently this temperature is raised up to 
41.5-41.8 ·C both by the heat supplied by the blanket and by increasing 
the perfusate temperature. The warm-water blanket is used both as an 
external heat source and as a thermal "fly-wheel" to stabilize the tem
perature and to reduce heat dispersion to the ambient. The procedure out
lined in this paragraph is especially relevant for obtaining a good tem
perature uniformity across the various compartments (skin, subcutaneous 
and muscle) while maintaining the perfusate at an optimal temperature 
(maximum compatible with thermal inactivation). The combined action of 
the two heat sources is in fact capable of a reasonably homogeneous 
heating of the superficial and deep tissues, of reducing the temperature 
differences between distal and proximal districts and, above all, optimal 
temperatures can be obtained at skin and subcutaneous while maintaining 
the circuit temperature at values close to 40 ·C (to.s ·C) throughout the 
hyperthermic phase of 50-60 minutes duration (Fig. 1). 

Care is taken, additionally, of implementing the known technical 
procedures to obtain adequate flow and effective heating of the per
fusate. A flow of 300 to 600 ml/min is maintained in the upper limb and 
800 to 1200 ml/min in the lower limb, according to limb volume. Catheter 
needles as large as l6F gauge for the arteries and 22F gauge (upper limb) 
or 24F gauge (lower limb) for the veins have been successfully used. The 
needle tips are positioned as proximal as possible in the common femoral 
vessels. Our extra-corporeal circuit setup (schematic in Fig. 2) employs 
an oxygenator (Oideco 0700 Hi-Flex) which incorporates a heat exchanger 
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having ample thermal-exchanger surface. This permits flexible operation 
and fast temperature rise. A thermostatic bath (Dideco D613 variograde) 
regulates the heat-exchanger water, with fast rise and good temperature 
stability. 

1 - oxygena tor 
2 - y-line "for disCharging the cireui t 
3 - pump 

4 - 1"U ter and bypass 
5 - heat exchanger 
6 - perfusate and heat-exchanger 

temperature mont tor 
7 - tissue-temperature mont tor 
8 - thermostatic bath 
9 - water blanket 

Figure. 2 Extracorporea1 circulation setup and temperature monitoring. 

The external thermal source consists of a thermal-exchange unit with 
temperature monitoring and control, feeding water to the thermal blanket 
(Heto-Phystherm). 

Limb-temperature monitoring is by means of needle or plate probes 
placed on the skin, in the subcutaneous tissue and in the muscle. Two 
triplets are used, one located at the median third thigh (arm) and the 
other at the median of the leg (forearm). Two additional plate probes are 
located at the skin surface of the medial face of the thigh and leg where 
the possible occurrence of overheating was detected in our technique. 

CONCLUSIONS 

Our heat-induction modalities have proven through extended clinical 
application to be able to produce satisfactory results: (a) short heat
induction times are needed to reach the target temperature; (b) the per
fusate temperature never exceeds 40.5 ·C in the circuit throughout the 
hyperthermic phase; (c) low thermal gradients are obtained across the 
various compartments (muscle, subcutaneous and skin). The present results 
and analysis suggest the technical feasibility of some improvement in the 
thermal administration control, thus coming even closer to the target 
temperature distribution. 
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CENTRED RADIO-FREQUENCY HYPERTHERMIA 

IN SOLID TUMOURS 

INTRODUCTION 

Giovanni Ba~zocchi, F. Spadoni, M. Zambelli, A. Camporesi, 
S. Bazzocchl, and A. Saragoni Anat-Path 

Clinic Micro-Radio Frequency Hyperthermia 
Italian Association Forli 

Nowadays hyperthermia through radio or microwaves, even if to be perfec
ted, has aroused much interest and has been widely applied abroad both in 
western and eastern countries, but not in Italy where it has still little 
diffusion. 

MECHANISM OF ACTION OF MICROWAVES 

We do not know which the mechanism of action of microwaves is. We must 
still think that the heating, noxious to tumours, is caused by the same mech
anism which is employed in microwave ovens where an endogenous heating, au
tonomous fron the tissues, is obtained. We can think that the neoplastic mass
es are heated because the waves of the electromagnetic field, which surrounds 
them, are not absorbed and the not absorbed energy is turned into heat. Dif
ferent kinds of equipment are employed. Some of them are based on cooled, mal
leable plates which are put in contact with the body where the neoplasn has 
been found: in this case radio-waves are generally used; they are led to depth 
witn several devices. tryin~ to strikp. Ann po through the tumorous masses. 
Besides there are machines which are not directly in contact with the patient 
and which are used especially for superficial tumours because the penetration 
of microwaves is smaller than that of radio-waves. A computer has been applied 
to some machines; it permits, within certain limits, the radiations to be ad
dressed in a better way, which is indispensable in this therapy considering 
that the maximum penetration, which varies from tissue to tissue, is usually 
of 10-15 cm. According to Hain Dicher and Ralph Wolfstein patiences' ther
mal tolerance does not seem to be a clinically predominant factor and we 
agree with this assertion. As far as the damaging of the neoplastic mass is 
concerned, the number of the heartz employed is not as important as the heat 
obtained and generally a considerable effect cannot be attained over 1000 
Mhz. We seem to have several positive effects with 15 Mhz, 250 Mhz, 500 Mhz. 
In employing microwaves, the treatment may cause two complications of little 
importance: very slight cutaneous burns, which we have observed three times 
out of over one thousand applications and slight necroses in the sUbcutane
ous adipose tissue. 

Consensus on Hyperthermia jar the /990$ 
Edited by H. I. Bicher el a/. 
Plenum Press, New York, 1990 
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ACHIEVED RESULTS AND FUTURE AIMS 

The diffusion in the world of centred thermotherapy is due to an in
crease, although slow, in positive results. As well as to a progressive 
reduction of symptomatology, especially of pain, we aim to the stop of the 
neoplastic diffusion or to the decrease in volume of the tumorous mass or 
to its disappearance. For the results we have achieved, see table~ I,.· 
From these tables we can notice that the results are different according 
to the kind of tumours and sex but, above all, to the patient's general con
ditions at the beginning of the treatment. We feel that we do not only have 
to treat the tumour but we have to treat the neoplastic sufferer since the 
denfeces of his organism have to dominate the neoplasm, which is generally 
discovered very late even when it is said to have started recently. It is 
evident that we can achieve better results with patients in better condi
tions. When the general conditions are so worn down to make us think that 
the recovery is impossible, the success is very limited or null: however it 
has clearly resulted that some patients, who were thought to be near their 
ends, were able to get great benefit and even satisfactory local and general 
conditions. Unfortunately we cannot distinguish a priori these cases from 
the ones which cannot attain any results. 

BEHAVIOUR OF THE VARIOUS KINDS OF NEOPLASM AND OF REPETITIVE LESIONS 

Considering that we have not enough knowledge yet to tell which neo
plasms respond better to thermotherapy, we can affirm that the responce 
depends on the patient's general conditions and that the lesions which re
spond the least are the pulmonary ones, rather well the hepatic ones, better 
the glandular ones and the ones in the lower abdomen; of course the more 
superficial are the lesions the better we can treat them. 

MODIFICATIONS CAUSED BY THE THERAPY IN NEOPLASTIC MASSES 

Thermotherapy causes, in all the strata from the cutis to the depth, 
an increase in the hematic flux, a real vascular congestion, which persists 
even after several days, as it has been noticed during operations performed 
after a period of three-ten days from the end of the therapy. However the 
considerable bleeding in all the strata does not hinder the operation since 
the hemostasis is easy and quick and there are no post-operative suffusions. 
Except for experimental reports on induced tumours, which have a different 
significance, we can already affirm, on the basis of our observations, that 
neoplastic masses, when the applications are efficacious, can undergo a more 
or less accentuated necrosis as we can see from histological observations 
made before and after the treatment at a distance of a few days. This ne
crosis is very clear in pulmonar neoplasms; in fact, when the patient cough
es, he ejects fragments of neoplastic tissue. The modifications in the neo
plastic tissue caused by thermotherapy are well evident in a histological 
observation made on an open-air biopsic taking made' )be<fore a destroying op
eration which takes place after three applications of thermotherapy. Patient 
D.V.A. was afflicted with an infiltrating mammary carcinoma. She had not 
been subjected to any other treatments (chemotherapy, radiant therapy, etc.). 
The conclusions of our Consultant Anatomist-Pathologist Doctor Ariele Sara
goni are the followings: "Morphologic cellular alterations are compatible 
with "cellular damages" caused by physical and chemical agents. In fact every 
cellular and stromal alterations, but above all cellular, is paradigmatic 
and related to lesions from physical and chemical agents, as it is described 
in literature. So the difference between the two histological reports, con
sidering the short lapse of time between the first and the second operation 
during which three applications of thermotherapy took place, is due to al
terations caused by physical and chemical agents and certainly by the thermo-
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therapy itself. In the end, as a final result, we may have a definitive 
sclerosis of the tumorous mass, as it is evident in LeVeen and his col
lab~rators'~obsei:'vat1ons. 

WHEN THERMOTHERAPY MUST BE EMPLOYED 

First of all, thermotherapy can be employed preventively, before the 
operation, in order to limit the expantion of the neoplasm or of small iso
lated cellular masses. Applications of thermotherapy are also useful after 
the operation to consolidate the recovery and destroy residual neoplastic 
cellular masses. We have had to modify the criterion of choice of the pa
tients for the therapy because on one hand we have noticed that subjects in 
an apparently terminal stage may, in rare cases, have such benefit to be 
able to lead a long, active life; on the other hand we have had the most 
insistent requests, sometimes difficult to reject, from relatives and pa
tients who, conscious of the terminal stage, wanted to try thermutheraphy 
as a last attempt. Therefore we have divided the patients into three groups: 
i) patients with little or no hope. In this case thermotherapy is employed 
only with an adjuvant or palliative intent. Before starting the treatment 
we tell the patients that they will riceive four applications and that the 
treatment willbe continued only if there are signals of improvement, , which 
is improbable and unforeseeable. 
2) curative treatment: to be tried on patients in fairly good or good con
ditions, even if it is impossible to foresee a priori how good the results 
will be. We start from six applications which will be increased in number 
according to the results achieved, deciding case by case. 
3) preventive treatment before or after the operation, as we have described 
above. 
After a few months, another few applications of thermotherapy are advisable 
(booster therapy) in order to consolidate or improve the recovery. The number 
and the rate of the applications of the booster or consoliding therapy must 
be decided case by case on the basis of the clinic course. 

COMBINED THERAPIES 

While we always combine an immunizing therapy based on thymus extracts, 
especially "Timunox", in innocuous and unprejudicial quantities and in suit
able doses administered with time intervals according to our experience, we 
are really careful about using interferon and similar preparations and very 
hesitating about employing interleukyns, which only in considerable doses, 
surely toxis,can do good. We frequently associate antimitotic substances 
and/or radiant theraphy. Both of them are employed in small doses, as it has 
been proved that they have a considerable therapeutical efficacy and no nega
tive effects, when associated to thermotherapy. We can achieve better results 
when chemotherapy or or radiant therapy is applied within sixteen hours after 
the applications of thermotherapy (1). We think that it is a mistake to ad
minister normal doses of antimitotic substances and rafiant theraphy, whose 
toxicity is increased by thermotherapy, because in this way the advantages 
of thermotherapy are annulled. 

THE FIFTH WEAPON AGAINST TUMOURS 

As far as we know, we have to affirm that the main weapon for demolish
ing tumoural masses is the surgical therapy. It must be applied, when poss
ible, even when the surgeon cannot foresee a priori if the operation will 
be radical or not. Other weapons are chemotherapy and radiant therapy, pro-

1) Experimental research: Dewhirst et al. 1984 - Gilette 1985. 
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vided that they are used in doses which are not toxis so that they cannot 
destroy the patient's physical resistances. They can be employed especially 
on young subjects and combined with thermotherapy, which enables us to re
duce enourmously the dosages. The fourth weapon is immunotherapy which aims 
to increase the physical defences. In this treatment we employ thymus deri
vatives which are administered in moderate doses with suitable intervals in 
order to avoid that the considerable primitive increase in the number of 
T lymphocytes could be followed by a fall with a consequent difficulty in 
restoring the right number. We have tried interferon too, but the results 
are still very questionable, so we agree with the ones who think that these 
substances are not useful in low doses and may be dangerous in high doses, 
since they are toxis. In short, there is no doubt that thermotherapy, with 
the machines we employ, is innocuous, that is it has no appreciable negative 
effects, and there is no doubt that, in a high number of patients, the advan
tages can range from the disappearance of fever and pain to the stabilisation 
or disappearance of the neoplasm. We have to consider that there can be a 
total recovery in a certain percentage of the cases or a stabilisation with 
a sensation ot total wellbeing, which may last for years. However only time 
can confirm the results achieved even when the patient feels good and no 
neoplastic symptom can be noticed. As a conclusion we insist on the fact 
that we do not only have to treat the illness but enable the patient's or
ganism to counteract neoplastic tissue modifications. According to the re
sults stated in every countries, 30-40 cancer patients out of 100 recover 
with normal therapies already in use, the remainind 60-65 die from primitive 
or secondary lesions; it is in these cases that thermotheraphy may give re
sults, even with patients almost without hope. 

SUMMARY: BAZZOCCHI G. AND COLL. "CENTRED RADIO-FREQUENCY THERMOTHERAPY IN 
SOLID TUMOURS" 

After some notions on the mechanisms of action of radio-waves on solid 
tumours, the treatise illustrates the results achieved in the first 125 cases 
of malignant tumours treated with this method, its results are defir.i tely en
couraging, even in cases apparently with no hope. It also describes briefly 
the histologic modifications induced by this therapeutic method on neoplast
ic masses and discusses the criteria of the directions of thermotherapy, 
alone or combined, which ia obviously the fifth weapon against tumours. 
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Table 1. RESULTS ACHIEVED 

JUDGEMENT PARAMETERS EXPRESSED IN SCORES (each of the 
following parameters includes all the previous ones) 

no improvement = score 0 
disappearance of fever = score 1 
disappearance of pain = score 2 
improvement of coenaesthesia-ponderal increase = score 3 
well-being and resumption of human relations = score 4 
decrease in the volume of the neoplasm = score 5 
disappearance of the neoplasm = score 6 

TREATED CASES: 125 (64 males, 61 females) 
REPEATED THERAPY DIVISION ACCORDING TO AGE 
once = 33 patients from 0 to 30 = 3 pat. (1 m., 2 f.) 
twice = 4 pat. fr0m 30 to 50 = 25 pat. (10 m. 15 f.) 
three times = 1 pat. over 50 = 97 pat. (53 m., 44 f.) 
SUBD. ACC. TO HISTOLOGIC TYPES: carcinoma = 94 cases, 
sarcoma = 4, neoplasm SNC = 5, lynphoma = 3, melanoma = 1, 
leukemia = 2, bony metastasis of unknown origin = 1, prostatic 
hypertrophy = 15. 



DIVISION ACCORDING TO ORGAN OR SYSTEM 

ALIMENTARY SYSTEM: 28 pat. BREAST: 23 pat. LUNGS: 16 pat. 
sc. 0 3 cases sc. 0 3 cases sc. 0 7 cases 
sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 

4 cases 
5 cases 
7 cases 
2 cases 
2 cases 

sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 

1 case 
sc. 1 
sc. 2 

7 cases sc. 3 
3 cases sc. 4 
1 case sc. 5 

1 case 
5 cases 
2 cases 

se. 6 1 case se. 6 ------- se. 6 
prophylaxis = 2 cases prophylaxis = 7 cases 
prophylaxis neg. 2 cases prophilaxis eff. = 1 case 

URINARY SYSTEM = 9 pat. 
sc. 0 1 case 

GENITALS = 14 pat. (2 m., 12 f.) 
2 MALES 12 FEMALES 

sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 
sc. 6 

1 case 
3 cases 
1 case 
3-eases 

LYMPHOMATA: 3 pat. 
sc. 0 1 case 
sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 
sc. 6 

1 case 
1 case 

CENTRAL NERVOUS 
SYSTEM: 5 pat. 
sc. 0 1 case 
se. 1 

sc. 2 

BC, 3· 

se. 4 
sc. 5 

sc. 6 

3 cases 

1 case 

sc. 0 sc. 0 -------
sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 
sc. 6 

sc. 1 
sc. 2 

1 case sc. 3 
sc. 4 
sc. 5 

1 case sc. 6 

1 case 
3 cases 
2 cases 

2 cases 

SARCOMATA: 4 pat. 
sc. 0 1 case 

OTHERS: 4 pat. 
sc. 0 1 case 

sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 
sc. 6 

1 case 

1 case 
1 case 

PROSTATE: 19 pat. 
hyperthrophy: 15 pat. 
BC. 0 
sc. 1 1 case 

sc. 2 

sc. 3 

sc. 4 
BC. 5 

sc. 6 

1 case 

2 cases 

4 cases 

7 cases 

sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 
sc. 6 

1 case 
2 cases 

K. prostate: 4 pat. 
sc. 0 
sc. 1 

sc. 2 

sc. 3 

sc. 4 
sc. 5 

sc. 6 

3 cases 

1 case 

INFLUENCE OF THE PRESENCE OF REPETITIVE LESIONS 

PRIMITIVE NEOPLASMS: 64 pat. 
sc. 0 6 cases 

PRES. METASTASES: 60 pat. 
sc. 0 12 cases 

sc. 1 
sc. 2 
sc. 3 

2 cases 
7 cases 
9 cases 

sc. 4 9 cases 
sc. 5 16 cases 
sc. 6 2 cases 
prophylaxis = 16 cases 
not val. = 1 case 

sc. 1 
sc. 2 
sc. 3 
sc. 4 
sc. 5 

6 cases 
9 cases 
18 cases 
7 cases 
3 cases 

sc. 6 3 cases 
prophylaxis = 2 cases 

RESULTS IN CONNECTION WITH THE PATIENT'S CONDITIONS AT THE 
BEGINNING OF THE THERAPHY 

PROPHYLAXIS: 14 pat. 
(before and after 
the operation) 

CURATIVE TH.= 52 pat. ADJUVANT TH.= 58 pat. 
sc. 0 sc. 0 18 cases 
sc. 1 = 1 case sc. 1 = 8 cases 
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prophylxis sc. 2 4 cases sc. 2 12 cases 
neg. = 1 case sc. 3 15 cases sc. 3 12 cases 
not val. = 1 case sc. 4 10 cases sc. 4 6 cases 

sc. 5 17 cases sc. 5 2 cases 
sc. 6 4 cases sc. 6 -------

OVER-ALL RATING OF THE RESULTS OF THERMOTHERAPY ON THE 
FIRST 125 CASES 

sc. Q 13 cases (14,4%) 
sc. 1 8 cases ( 6,4%) 
sc. 2 16 cases (12,8%) 
sc. 3 27 cases (21,6%) 
sc. 4 16 cases (12,8%) 
sc. 5 19 cases (15,2%) 
sc. 6 4 cases ( 3,2%) 
prophylaxis = 16 cases (12,8%) 
not val. = 1 case ( 0,8%) 
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LOCAL HYPERTHERMIA FOR DEEP TUMORS 

Haim I. Bicher and Ralph S. Wolfstein 

Valley Cancer Institute 
Panorama City, Los Angeles, CA 

Hyperthermia for superficial tumors has been considered 
standard treatment since 1984, based on multiple reports 
showing synergistic therapeutic advantage in combination 
with radiotherapy compared to irradiation alone (Table 1). 
Results of external hyperthermia treatments for deep tumors 
combined with irradiation or chemotherapy have shown 
significant improvement over controls (24). While side 

Table 1 

COMPLETE RESPONSE TO IRRADIATION (RT) ALONE VERSUS (RT) AND 
HYPERTHERMIA (HT) FOR SUPERFICIAL TUMORS 

AUTHOR EVALUABLE RT RT 
PATIENTS. ALONE AND HT 

Arcangeli ( 1 ) 163 38% 74% 
Scott ( 2 ) 62 39% 87% 
U (3 ) 14 14% 86% 
Kim (4,5) 238 39% 72% 
Overgaard ( 6 ) 101 39% 62% 
Corry (7) 33 0 62% 
Hiraoka (8 ) 33 25% 71% 
L i (9 ) 124 29% 54% 
Shidnia ( 10) 185 33% 64% 
Perez (11 ) 154 41% 69% 
\Ian Der Zee (J. 2) 71 5% 27% 
Steeves (13 ) 90 31% 65% 
Dunlop ( 14) 86 50% 60% 
Goldobenko(15) 65 86% 100% 
Muratkhodzhaev (16 ) 313 25% 63% 
Lindholm ( 17) 85 25% 46% 
IIaldagni ( 18 ) 78 36-% 73% 
Emami ( 19 ) 116 24% 59% 
Marmor (20 ) 15 7% 47% 
Gonzales (21,22 ) 46 33% 50% 
Sugimachi ( 23) 129 52% 80% 
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effects of deep treatment have not been greater than with 
superficial hyperthermia; tolerance of regional deep heating 
has been poor, with treatment limiting pain and/or systemic 
stress in most patients (25,26). Local deep treatment on the 
other hand has been well tolerated 127,28). 

In this 
parallel 
including 
(27) . 

paper results of local deep treatment using 
opposed microwave applicators are analysed, 
a phase I study of 25 cases previously reported 

MATERIALS AND METHODS 

Patients had advanced primary cancer, post treatment 
recurrence or metastatic disease. Of 121 evaluable treatment 
courses 73 had hyperthermia combined with radiotherapy and 
48 with chemotherapy. Dosages of irradiation varied widely, 
depending on normal tissue tolerance and treatment goal. 
Chemotherapy drug and dosage were appropriate to the case, 
determined in cooperation with the medical oncologist, with 
consideration of maximal interaction with hyperthermia and 
minimal side effects. 

Hyperthermia was delivered by two 300 MHz external 
applicators, parallel opposed and operated in phase (POPAS)* 
at power up to 800 watts evenly divided (29). Applicators 
are standard design 300 MHz 20x23cm horn w~veguide with air 
gap coupling. Prior to clinical studies appropriate in 
vitro and in-vivo studies were performed. Therapeutic 
temperatures were obtained centrally in phantoms and pigs up 
to 20cm thick. A flow of cooled air through an aperture in 
the apolicator enhanced homogeneity of the heat field. 

Hyperthermia was given twice a week in early clinical 
trials, more recently five days per week, over five weeks or 
throughout the radiotherapy course if longer. Standard 
radiotherapy fractionation was used, with treatment 5 days 
per week within 2 hours of hyperthermia, either before or 
after. One or two fields were treated each day; usually two 
fields were required to adequately cover large tumors or 
extensive disease in liver and lung. Each hyperthermia 
treatment was given for one hour, with the goal of achieving 
42 degrees Celsius minimum tumor temperature for 30 minutes. 
Thermometry throughout each session utilized two triple 
junction copper-constantan microthermocouples (100 micron)* 
inserted in tumor when feasible and in normal tissue or on 
skin surface. Temperature r~adings were obtained at 4 - 5 
minute intervals with power on - off cycle controlled by a 
computer system that also recorded a permanent temperature 
record. 

Each patient was treated within FDA approved protocol 
guidelines and signed the appropiate consent form. 

RESULTS 

At 
86% 

least partial response was obtained in 
with hyperthermia combined with at 

67% 
least 

* HBCI Medical Group, Inc., Panorama City, Ca 91402 
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irradiation, 55% with less irradiation, and 62% with 
chemotherapy. Impact of radiation dose on complete response 
rates was more dramatic: 46% with more radiation versus 8 -
10 % for low dose or no radiation (Table 2).Patient 
tolerance was excellent. No patient discontinued treatment 
because of iatrogenic signs of symptoms. Thermal burns 
occurred in 5% at some time durinq the treatment course, 
usually at the first or second hyperthermia session 
presumably because the patient was not yet fully aware of 
the danger. Thermometry is not sufficient to avoid burns, 
and we must rely on the patient to inform us as soon as pain 
develops. Two patients had pneumothorax, secondary to 
thermocouple insertion requiring 1 day in hospital. One 
patient with extensive abdominal disease developed ileus, at 
first suspected to be bowel obstruction, possibly an effect 
of hyperthermia. Patients generally perspired profusely. 
Core temperatures did not rise significantly, never more 
than 2 degrees Celsius and usually much less. 

Table 2 

POPAS Reseonse ~ Radiation Dose 

Radiation # CR(%) PR(%) NR+SD(%) 

30Gy ( + ) 35 16(46) 14(40) 5(14) 

20Gy ( - ) 38 3 (8) 18(47) 17(45) 

0 48 5(10) 25(52) 18(38) 

TOTAL 121 24(20) 57(47) 40(33) 

COMPLICATIONS: 6 Skin Burns, 2 Pneumothorax, 1 Ileus 

Results were significantly better with a greater number 
of hyperthermia treatments. CR plus PR was 73% after 25 
treatment sessions versus 48% after 10 treatments (Table 3), 
discussed further elsewhere (30). 

Dose 

25 

10 

Table 3 

POPAS Reseonse Qi Hyeerthermia Dose 

# 

92 

29 

CR(%) 

19(21) 

5 (17) 

PR(%) 

48(52) 

9 (31) 

NR+SD(%) 

25(27) 

15(52) 
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Results were equivalent for chest, pelvic and pancreatic 
tumors, i n the 70% CR + PR range, relatively less (47%) for 
other abdominal lesions (Table 4) . 

Table 4 

POPAS Results by Site 

Site # CR PR (CR+PR) SO NR 

Thorax 39 10 19 (74.%) 4 6 
Pancreas 14 1 9 ( 71 %) 2 2 
Other Abd. 36 4 13 ( 47%) 8 11 
Pelvis 32 9 16 (78% ) 5 2 

TOTAL 121 24 57 ( 67%) 19 21 

The types of lesions treated in the chest are shown in 
Table 5. Complete local control was obtained in 3 of 4 
patients treated by full dose radiation with curative 
intent, 2 lung and 1 esophagus. One patient with 
adenocarcinoma metastatic to mediastinum remains free of 
disease at two years, while the others died from metastatic 
disease. Of the 29 patients given 39 courses of hyperthermia 
treatments for thoracic lesions, 5 of 10 with primary lung 
cancer lived over one year; as did 6 of 18 others given 
palliative treatment. Metastatic lung lesions represented 
the· majority of treated thoracic disease ( Table 5). 
Patients usually had bilateral disease progressive despite 
other previous treatment. Hyperthermia was given over five 
weeks along with 1500 rad in 15 fractions to the 
predominantly involved lung. The other lung was then usually 
treated, depending on response to the initial course. At 
least 50% tumor regression was achieved in 76% of 21 
treatment courses given for lung metastasis. 

Table 5 

Thoracic Cancer, Response I;)y C ell Type 

Type # CR PR SO NR 

Adenocarcinoma, Lung 7 2 2 2 1 
Squamous C ell Ca, Lung 2 2 
Oat Cell Ca, Lung 4 4 
Squamous C ell Ca Esophagus 1 1 
Mesothelioma 2 2 
Sarcomas 2 1 1 
Lung Metastasis 21 3 13 1 4 

Total 39 10 19 4 6 
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Except for pancreatic primaries, treated abdominal 
lesions were metastatic, mostly in liver ( Table 6). Of 9 
patients given 14 treatment courses for pancreatic 
adenocarcinoma, "all with liver and/or nodal spread, 3 
survived 1-2 years following the initial treatment course. 
All but one had at least partial response and profound 
palliation. The one patient who survived 2 years had 3 
treatment courses, 2 with 5 FU infusion and the last with 45 
Gy irradiation. CT Scan showed complete resolution of the 
left lobe liver invasion and adenopathy after the first 
course, and of the primary after thermoradiotherapy. He died 
of sepsis; no cancer was found at autopsy. The clinical 
course was striking in this 48 year old man. Pain, extreme 
weakness and anorexia reversed within two weeks of 
initiation of thermochemotherapy, completely alleviated at 
completion of the course; after which he went on a two week 
hiking trip. He comp1et1y regained his 80 pound weight loss 
and lived a normal life for 18 months. The other 28 patients 
with other abdominal tumors, mostly liver metastasis, had 
36 treatment courses. Response was often of short duration 
but prolonged by additional treatment, most often by 
thermochemotherapy. Radiotherapy was given with only 14 of 
50 abdominal hyperthermia treatment courses. Interestingly 
response was much better in metastatic disease treated with 
chemotherapy, or in a few cases with hyperthermia alone, 
than radiotherapy (10-20 Gy): 4CR + 10PR (58%) versus 2PR 
(25%) respectively. 

Table 6 

Abdominal Cancer 

Type 

Adenocarcinoma, Pancreas 
Hepatocellular Ca 
Liver Metastasis 
Mesothelioma 
Peritoneal Mets, Ovary 
Lymph Node Mets 

Patients 

9 
1 

20 
1 
2 
4 

Courses 

14 
1 

28 
1 
2 
4 

One Patient with ovarian cancer developed ascites 8 
months after partial regression of pelvic recurrence, with 
complete palliation using hyperthermia combined with 2400 
rad in 100 rad daily fractions to the pelvis. Treated with 
hyperthermia alone to two abdominal fields, ascites was 
completely controlled until her death 13 months later. 

As in the chest and abdomen, nearly all pelvic treatments 
were for palliation after failure of intensive previous 
treatment. Significant palliation was achieved in 90% of 

415 



pelvic cases, including most of those patients whose tumors 
remained stable. Complete response was obtained in 9/32(28%) 
(Table 7), all in smaller tumors, less than 5cm; but most 
lesions were quite bulky, in the 10-15 cm range. While 
lesions that showed CR remained controlled, patients treated 
palliatively generally died at 4 to 8 months post treatment. 
One lymphoma patient and one prostate patient remain alive 
at 18 and 23 months respectively, the latter free of 
disease. 

Type 

Rec. Colon 
Rec. Ovari an 
Sarcomas 
Prostate 
Lymphoma 
Melanoma 
Rec. Endomet. 

Total 

DISCUSSION 

Table 7 
Response Q.y Cell 
Pelvic Cancer, 

# 

13 
6 
5 
3 
3 
1 
1 

32 

CR 

3 
2 

2 
2 

9 

PR 

5 
4 
4 
1 
1 
1 

16 

SD 

4 

1 

5 

NR 

1 

1 

2 

The treatment of metastatic disease, particulary to lung 
and liver, represents a major problem in cancer management. 
Chemotherapy is not effective in most patients. Because of 
sensitivity of normal tissue, radiotherapy can be given 
effectively to only small areas of the liver and lung. 
Hyperthermi& has been shown to have no apparent effect on 
normal tissue and to achieve at least temporary control of 
metastasis in the majority of cases. Local Hyperthermia can, 
however have no effect on the overall course of metastatic 
disease, and the disappointingly short survival despite good 
local tumor response only confirms this obvious fact. 

For post radiation recurrence and chemotherapy failure, 
hyperthermia remains the sole treatment option. Excellent 
palliative results have been obtained in treatment of 
recurrent disease in chest, abdomen and pelvis, as earlier 
demonstrated for recurrent superficial tumors. 

Most locoregional external hyperthermia treatment for 
deep tumors has been for recurrent or metastatic disease, by 
other groups as well as ourselves. Untreated advanced 
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primary cancer represented 18% of the patient population in 
a multi-institutional study reported by Storm et al (31),29% 
in a multi-institutional study reported by Petrovich et al 
(32), and 17% in this report. No authors have analyzed 
results in these patients separatly. In our series all 
patients with a treatment goal of cure had complete regional 
control; however this included only 5 patients, 2 free of 
disease at 20-25 months. (Prostate and lung adenocarcinoma) 
and 3 who died of metastasis (2 oat cell, lung; squamous 
cell carcinoma, esophagus). 

Most deep hyperthermia treatment has been regional, 
employing either magnetic induction at 13.5% MHz with 
concentric electrodes (Magnetrode, Henry Medical 
Electronics, Inc., Los Angeles,CA) or an annular phased 
array (BSD Medical Corporation,Salt Lake City, UT). Of 756 
deep tumors treated with the annular array 6% had CR, 26% 
PR(31). With the annular array 353 treated tumors showed 10% 
CR, 17% PR (32). In our series results of local deep 
hyperthermia treatment were 20% CR and 47% PRo 

RF capacitive heating (Thermatron FR - 8, Yamamoto 
Vinyter Co., Osaka) is being used extensively in Japan for 
local deep heating. This equipment employs an 8 MHz RF 
generator feeding two opposed disc electrodes. Exoerience 
has been reported by Hiraoka et al (33) in only 40 patients. 
They now exclude patients with subcutaneous fat over 2 cm, 
after 4 patients, all with thicker fat layer developed fat 
necrosis. Otherwise treatment was quite well tolerated. 
Response was 15% CR, 47% PRo These patients had no previous 
irradiation and received at least 30 Gy with hyperthermia. 

All authors (31-33) and including our current series 
found significantly better results when hyperthermia was 
combined with standard radiotherapy, at least 30 Gy (Table 
8). Results using hyperthermia combined with low dose 
irradiation, up to 30 Gy (31,32) or 20 Gy in our series were 
little better than with no irradiation (Table 9). 
Surprisingly combination with chemotherapy was not shown to 
improve response rates as compared to hyperthermia alone 
(Table 9). Specifics of chemotherapy type and administration 
were not discussed in any of these reports. The most common 
adjunct chemotherapy we have used is 5 FU by intravenous 
infusion, 250 mg over 24 hours on each day of hyperthermia. 
Our results with chemotherapy were equivalent to results 
with low dose radiation, better than could be anticipated 
with hyperthermia alone. A recent report comparing results 
of 5 FU given by infusion to the more common bolus 
technique (34) found objective tumor response to be 
respectively 30% and 7% and with far less toxicity using 
infusion. This marked advantage for infusion may well carry 
over to improved results in combination with hYDPrthermia. 

Tumor stabilization (SD) 
achieved in 16% in our series, 
15% in the series reported 

for at least 2 months was 
and for at least 3 months in 
by Storm(31). Both groups 
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Table 8 

Results With and Without Standard Irradiation 

Author # Treatment Results Tot a 1 

30Gy(+) No RT HT or HT+RT CR% PR% 
CR% PR% 

Storm (31) 960 32% 20 40 
57% 3 20 9 28 

Petrovich ( 32) 353 39% 21 36 
26% 2 29 10 39 

Bicher 121 29% 40 46 
40% 10 52 24 57 

Hiraoka ( 32) 40 100% 15 47 15 47 

Table 9 

Results with Hyperthermia alone, with Chemotherapy, 
and with low dose Radiation 

Author HT alone HT+chemo HT+low RT 

( #) CR PR ( #) CR PR ( #) CR PR 

Storm (31) ( 142 ) 3% 20% (405) 3% 20% ( 107) 5% 33% 
Petrovich(32) (47) 2% 34% (42) 2% 26% ( 121 ) 3% 42% 
Bicher (48) 10% 52% (38 ) 8% 47% 
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consider this an important criterion (35) separate from 
progressive disease (NR) both clinically and 
physiologically. Most patients with SD have either or both 
significant palliation and improved general condition. 
Extensive centr~l ~ecrosis is usually ~otp~ in stable 
tumors on CT and pathologic examination of tumors excised 
following treatment. Lack of tumor regression despite 
massive cell kill most likely relates to collapse of tumor 
microvasculature, one of the main mechanisms of thermal 
effect (36,37). 

Local deep hyperthermia is easily tolerated, far better 
than regional treatment. A comparison of the annular array 
with capacitive heating in the same 13 patients with 
abdominal or pelvic tumors showed no significant difference 
in tumor temperatures; however duration of treatment using 
the annular array was limited by increase in body 
temperature and pulse rate (38). Comparison of the two 
regional heating devices in the same 23 patients with 
abdominal or pelvic disease showed treatment limiting 
factors in 7/14 with pelvic tumors treated by the annular 
array (AA) and 13/14 using the Magnetrode (CC). The authors 
concluded that "the AA is superior to the CC for pelvic 
treatment and that both devices have limitation in abdominal 
treatment" (25). 

A single report in the medical literature compares 
results of definitive radiotherapy alone or combined with 
hyperthermia for deep tumors. Hornback et al (24) treated 33 
patients with stage III B cervix carcinoma each receiving 25 
MeV photon beam irradiation and two Cesium insertions to a 
total minimum tumor dose of 65 Gy at the lateral pelvic 
wall. Eighteen of the 33 also received hyperthermia on a 
daily basis 10-15 minutes following each radiation fraction, 
using a device with two anterior and two posterior 434 MHz 
microwave antennae. Acute radiation toxicity was the same 
with or without hyperthermia, "and the addition of heat 
caused minimal discomfort". Tumor response was subjectively 
thought to be more rapid in the hyperthermia group. 
Complete local control without recurrence was achieved in 
8/15 (53%) after irradiation alone versus 13/18 (72%) after 
combination of irradiation and hyperthermia. Median survival 
in the two groups was 26 and 36 months respectively. 

In contemplating these results what can be said as to the 
appropiate use of hyperthermia for deep tumors? 
Hyperthermia for deep tumors has been sufficiently 
evaluated that it is ready now to be considered standard 
therapy. Hyperthermia offers palliation, hope and improved 
quality of life when other treatment options have been 
exhausted. For patients with untreated advanced primary 
cancer hyperthermia combined with standard radiotherapy 
offers a significantly better chance for local control. The 
use of combination treatment should be strongly considered 
before giving radiotherapy without hyperthermia. Local 
hyperthermia can be given for tumors in any body region 
safely and with excellent patient tolerance, with equivalent 
tumor response rates in thorax, abdomen and pelvis, in the 
70% range in our series. 
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THERMORADIOTHERAPY OF DEEP SEATED TUMOURS OF THE PELVIS WITH THE APA 

AND SIGMA APPLICATOR 

INTRODUCTION 

H.J. FELDMANN AND M. MOLLS 

Department of Radiotherapy, West German Tumour Centre 
Hufelandstr. 55, 4300 Essen, FRG 

Clinical and experimental studies have shown the potential benefit of 
hyperthermia combined with radiotherapy (Overgaard 1989). Concerning 
superficial tumours clinical studies confirm that the combined treatment 
with both modalities increases the rate of complete and partial responses. 
However, when compared with superficial tumours heating of deep seated 
malignancies is more difficult. At present the most reliable method of 
external deep hyperthermia is the application of electromagnetic~wave 
hyperthermia which can be performed with the commercially available BSD 
1000 (APA) and 2000 (SIGMA) devices (BSD Medical Corporation, Salt Lake 
City, USA). This procedure deposits power throughout a large volume of 
tissue including the tumour and surrounding normal tissues (Howard et al., 
1986, Kapp et al., 1988; Molls et al., 1989; Petrovich et al., 1989; Pilepich 
et al., 1988). The clinical results of regional hyperthermia are presented 
with respect to the following four topics: 
1. Tumour temperatures and thermal dose 
2. Normal tissue temperatures 
3. Toxicity 
4. Response 

MATERIALS AND METHODS 

12 patients with extensive pelvic tumour mass were considered suitable for 
the combined treatment. The age ranged from 26 to 71 years with a mean of 
50 years. The tumour volume ranged from 118 to 1320 cc. with a mean of 366 
cc. Patients had locally adva?ced tumours considered to be unlikely to 
respond to standard therapy. The majority of patients had pelvic 
recurrences of rectal (n=7) or cervical cancer (n=2). 2 patients with 
locally advanced sarcomas of the pelvis and 1 patient with a non resectable 
pancreatic carcinoma were also considered suitable. In 5 patients the 
actual radiation dose was low (30~36 Gy) due to previous irradiation. In 
one patient no further irradiation could be performed. In this case 
hyperthermia was combined with chemotherapy (5~FU). In 6 patients 
definitive radiotherapy with doses in a range from 50 to 60 Gy could be 
performed. The daily tumour dose was 180 to 200 cGy. 
A total number of 83 regional hyperthermia treatments was performed with 
the Annular Phased Array (APA) of the BSD~1000 device or the SIGMA 
applicator of the BSD~2000 device. Heat was given immediately after 
irradiation twice weekly on a Monday~Thursday or Tuesday~Friday basis. 

Consensus on Hyperthermia/or the 1990s 
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Using APA equipment a partial array activation was chosen. In this 
configuration the power was delivered to the two adjacent quadrants that 
were closest to the tumour and best surrounded the target volume. Using Sigma 
equipment the treatment parameters (frequency, phase and power balance of 
the four amplifier channels) were optimized to achieve maximization of the 
focussing at the target zone as anticipated by the computerized pretreatment 
planning. Only in centrically located tumours all quadrants were activated. 
The operating frequency in the range of 60 to 80 MHz was selected to give 
a minimal percent reflected power. The duration of the heating period ranged 
between 26 and 110 min. with a mean of 74 min. Temperatures were measured 
with Bowman probes. They were inserted into normal and tumour tissues along 
blind ended Teflon-catheters under control of computed tomography or 
ultrasound. Further sites for temperature measurements were the rectum, 
vagina, urinary bladder, perineal and paraproctic fat, and the mouth for 
monitoring of changes in core temperature. The temperature distribution in 
the tumour, the perineal fat and the rectum was recorded along the length 
of the implanted catheter by thermal mapping. This procedure was performed 
every 15 minutes after the beginning of the hyperthermia treatment. 
Thermal doses were calculated as minutes equivalent at 42.5 °C (min/eq/ 42.5 
°C) for the tumour centre using a standard formula (Sapareto and Dewey, 
1984). In this formula a "Thermal Equivalence Factor" was used, which 
relates time at various temperatures in the range from 40 to 45.5 °C to 
equivalent time at 42.5 °C. Thermal dose was added for all treatments and 
recorded as a total TD. 

RESULTS AND CONCLUSIONS 

1. Tumour temperatures: 
Total thermal dose was recorded in 11 patients, while in one patient, 
treatment temperatures were low and no significant TD accumulated. In the 
11 patients with a recorded thermal dose, TD was> 50 <100 (n=4), 100 <200 
(n=2) and 200 min in (n=5) . These data indicate, that in single treatments 
in 5 of 12 patients we were able'to maintain 42.5 °C within the tumour for 
a time period of 30 min. Petrovich (1989) recorded no significant TD in 
42% of patients and a significant TD > 200 min only in 10% of the patients. 
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Other investigators (Howard et al., 1989) recorded heat doses in excess 
of 5 min (eq 43.0 °C) only in 41% of treatments. It might be that the observed 
relatively high heat doses in some of our patients are the result of long 
hyperthermia sessions. 
Overall in our series maximum tumour temperatures from 42 to 51.-2 °C were 
reached in 62% of the treatments (Fig. 1). The mean maximum temperature ± 
SD of the tumours was 43.3 °c ± 3.0 (range 38.8-51.2 °C), the mean minimum 
temperature ± SD was 40.3 ± 1.5 °c (range 37.8-43.5 °C). In 60% of the 
treatments we were able to achieve temperatures in the tumour centres 42.5 
°C. However, only 60% of the points in which temperatures were measured 
showed temperatures of 41.0 °C. This demonstrates that the APA and SIGMA 
applicator is capable of heating deep seated tumours of the pelvis. But as 
previously reported (Kapp et al., 1988) it was very difficult to obtain 
uniform heating of the tumours, even if phase and power steering was used 
to achieve maximization of focussing at the target zone. 

2. Normal tissue temperatures: 
Regional hyperthermia for deep seated pelvic malignancies is frequently 
limited by pain probably related to excessive heating of normal tissues in 
the pelvic field. The mean maximum temperature ± SD of the vagina, the rectum 
and the bladder were 40.8 ± 1.2 °c (range 39.1-42.6 °C), 40.9 ± 1.6 °c (range 
37.5-43.0 °C) and40.5±1.6 °c (range 37.4-44.7) respectively (Table 1). The 
mean maximum systemic temperature ± SD was 37.7 °c ± 0.7 °c (range 36.8-
39.9 °C). The highest normal tissue temperatures occured in the perineal 
and paraproctic fat with a mean maximum temperature ± SD of 42.6 ± 1.1 °c 
(40.7-46.0 °C). The maximum temperatures in the perineal fat were 1 to 2 
°c higher than in the bladder or the rectum. 
The most conunon sites for normal tissue overheating which have been reported 
in the literature (Howard et al., 1986; Pilepich et al., 1988; Samulski et 
a1., 1987) were the bladder and the rectum. Overheating of these organs can 

Table 1. Mean maximum normal tissue 
temperatures 

Localization T max. ± SD (range) 

Bladder 40,5 ± 1,6 °c 37,4 - 44,7 

Rectum 40,9 ± 1,6 °c 37,5 - 43,0 

Perineal fat 42,6 ± 1,1 °c 40,7 - 45,1 

Vagina 40,8 ± 1,2 °c 39,1 - 42,6 

Systemic 37,7 ± 0,7 °c 36.8 - 39.9 

be avoided by performing bladder cooling at the time the intracystic 
temperature reaches more than 42.5 °C. Furthermore overheating of faecal 
masses could be minimized by pretreatment preparation ensuring an empty 
rectum. However, the application of regional hyperthermia in the pelvis can 
be limited by high temperatures in the perineal fat, especially when 
indicated by pain or local discomfort. 
It is the first time that the perineal fat is recognized as a critical tissue 
in deep hyperthermia. This was possible as the catheters for temperature 
measurements were inserted from the perineal region over a long distance 
of perineal, paraproctic and presacral fat into the tumour. The excessive 
temperature increase of the perineal fat in patients with eccentrically 
located tumours is a result of the maximization of the E-field to the tumour 
bearing area. The axial dimensiori of the E-field is determined by the length 
of the applicator. In future it will be possible to limit the E-field in 
Lhe axial direction exclusively to the region of the tumour. Furthermore, 
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the observed high maximum temperatures in the tumour and the perineal fat 
is mainly the result of the blood flow situation. The estimates of blood 
flow from analysis of the measured temperature curves following the 
completion of a tumour heating session reveal a significant difference 
between tumour and normal muscle tissue and the perineal fat and normal 
muscle tissue (mean washout tumour: 7.7 mlllOO g-min; mean washout perineal 
fat: 7.5 mlllOO g-min; mean washout muscle: 28.2 mll 100 g-min). In the 
clinical situation the relatively low blood flow in the tumours and the 
perineal fat was an important cause in achieving high maximum temperatures 
in these tissues when compared with the low maximum temperatures * SD in 
muscle (mean 39.8 DC±O.7 DC). 

3. Toxicity: 
In most of the treatments the temperatures achieved were limited by the acute 
toxicity of the treatment (Table 2). There were 80 instances of some form 
of toxicity which limited treatment. During some treatments patients 
complained of more than one side effect, necessitating power reduction or 
treatment termination. Acute toxicity was of short duration and usually 
subsided within 1 hour of treatment. In 20 cases the treatment limiting 
toxicity was the general discomfort of the patient. The second most common 
problem, occuring in 19 treatments, was localized discomfort or pain within 
the pelvis. It relieved by a reduction of power. Other recorded treatment
limiting factors were anxiety and pain not related to heating. Unacceptable 
tachycardia or rise in core temperature limited only 5 treatments 
respectively. 
On two occasions small burns were recorded predominantly in the upper thigh 
area in patients treated to the pelvis. 
In one patient severe pain of the sacroiliac region was noted during the 

Table 2. Acute 
in 83 

treatment limiting 
treatments 

Toxicity 

Generalized discomfort 

Pelvic discomfort or pain 

Anxiety 

Pain not related to heating 

Rise in. core temperature 
(oral temperature >39 DC) 

Tachycardia pulse > 140 

Hypertension: diastolic 
pressure >100 mm Hg 

Hypotension: systolic 
pressure <100 mm Hg 

No.of times 

20 

19 

12 

13 

5 

5 

1 

5 

toxicity 

recorded 

hyperthermia session. The pain was tolerable with small reduction of applied 
power and the duration of pain was approximately 24 h after treatment. 48 
h after treatment we observed a large perineal hematoma. 
Another patient with a large presacral recurrence developed a gluteal 
necrosis which was related to tumour invasion and hyperthermia induced 
tumour regression. 
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These observations underline the necessity of careful patient and tumour 
site selection in deep heating trials as described by other investigators 
(Kapp et al., 1988; Petrovich et al., 1989; Pilepich et al., 1988) . Patients 
who are very debilitated, have a low pain threshold. 

Others who have serious cardiopulmonary, hepatic, or arthritic disease, are 
not likely to be able to tolerate deep regional heating. Patients with 
necrotic, ulcerated lesions, overlaying or invading a major vessel or 
critical structure are at risk to develop hemorrhages or fistuli, if the 
tumour is responsive to treatment. 

4. Response: 
There has been a documented follow-up of disease in 12 patients. 9 patients 
are alive between 2 months and 1 year after treatment. 3 patients died due 
to tumour progression. In 4 of 12 patients a reduction in tumour volume 
greater than 50% has been demonstrated by CT. In 7 patients tumour has 
remained static for periods from 2 months to 1 year. In one patient we 
observed a tumour progression under treatment. In view of the advanced 
nature of the disease the main aim of our treatments was palliation. A very 
good palliation with relief of severe pain was achieved in 4 patients, 
moderate palliation in further three patients and in three patients no 
control of symptoms could be obtained (2 patients had no symptoms at the 
beginning of treatment) . 
Palliation with relief of severe pain occured even among patients who showed 
static disease on the CT-scan. Local tumour response to therapeutic 
modalities is most commonly addressed on the basis of tumour regression. 
In one clinical study (Hiraoka et al., 1987), however, it was shown that 
tumour response to thermoradiation cannot be fully assessed with this 
method. Histopathologic examinations and follow up observations revealed 
remarkable effects in a considerable number of tumours that did not exhibit 
regression but showed a clear low density area in the tumour on the 
posttreatment CT scan. This low density area seems to be partly attributable 
to destruction of the tumour microvasculature and partly to direct killing 
of cancer cells by heat. In two patients we have seen a clear low density 
area in the tumour (more than 50%) but no reduction in tumour volume (NC). 
In this situation CT is disadvantageous in that it cannot disclose complete 
necrosis of the tumour. 
Our observed response rate is in agreement with the published results of 
other investigators (Howard et al., 1986; Petrovich et al., 1989). In view 
of the advanced nature of the disease and the heavily pretreated patients 
these results are remarkable. Most patients were treated to maximum levels 
of tolerance. In future, improved heating technology as well as some control 
over local regional blood flow may be required to achieve substantial 
increases in intratumoral temperatures and to reduce the acute toxicity of 
the treatment. Additionally phase-I I-studies with selected previously 
untreated patients have to confirm the potential benefit of radiotherapy 
plus hyperthermia in deep malignancies of the pelvis. 
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INTRACAVITARY HYPERTHERMIA COMBINED WITH H.D.R. AFTERLOADING 

IRRADIATION IN VAGINAL RECURRENCES OF CERVICAL CARCINOMA 

s. PariSi, A. Raguso, M. Portaluri, A. Maiorana, 
P. Vittori Antisari 

Radiothel-apy Department "Casa 5011 ievo della Soffe
renza" Regional General Hospital 
71013 San Giovanni Rotondo, ITALY 

Hyperthermia has been shown to be effective for treatment of 
superficial tumors, expecially when combined with radiation 
and chemotherapy. 
It appears that certain tumor sites in hollow viscera or 
cavities such as gastrointestinal, gynecological and genito
urinary systems can be treated with an intracavitary 
technique, thus eliminating some of the pitfalls of external 
hyperthermia applications as described by Gibbs, et al.(l'. 
The technique implies that the heating sources are closely 
contacted to the target volume. 
We will report on our preliminary experience with this 
technique. 
After initial 
treated, in 
intracavitary 
Technique and 

measurements in phantom, three patients were 
our department, using a protocol combining 
hyperthermia and brachytherapy. 
results are presented here. 

METHODS AND MATERIAL 

Patients 

Three patients affected by vaginal recurrences of cervical 
carcinoma were treated with intracavitary microwave 
hyperthermia combined with radiation. 
The! were hystologically proven squamous cell carcinoma. 
Details of the patients are given in tab.I. 
Two patients have had radical hysterectomy for cervical 
cancer two years earlier. They received pelvic external beam 
radiotherapy previously and both received intracavitary 
radiotherapy. In conjunction with Ir192 irradiation the 
intracavitary microwave applicator was inserted. 
The other one, who was previously irradiated for cervical 
stump cancer, 9 months earlier, at dose of 46 Gy, was treated 
only with 192Ir irradiation combined with intracavitary 
hypel- thermia. 

Ra.diation 

External beam radiotherapy was delivered with 8 MV photons 
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of Linac trough 4 orthogonal portals. A total of 45 Gy over 
5 weeks was delivered at 1.8 Gy/fraction. 
Endocavitary radiotherapy was given with a remote after loa
ding system (GAMMAMED IIi) using a single high active 192Ir 
source(370 GBq). 
7 Gy at 0.5 cm from the source was delivered at weekly 
intervals, for a total of 3 fractions,in two patients. One 
patient received another brachytherapy schedule (2 Gy x 5 
/week) for a total of 40 Gy. 

Hyperthermia 

Heat treatment was given with LUND SCIENCE HYPERTHERMIA 
SYSTEM 4010 using 915 MHz microwaves generator with 200 W 
of power output and a separate thermometry system (ATS 100) 
with thermistor probes (0.75mm). An intracavitary applicator 
inserted in a perspex vaginal obturator with an outer 
diameter of 20 mm and 130 mm length, having one central 
channel, was used. 
The obturator with the applicator and the thermistors atta
ched to its surface was inserted into vagina and closely 
contacted to its walls. About six thermistors were positio
ned alongside the applicator, from the tip to the introitus 
of vagina. 
Recently we acquired an applicator, originally designed for 
hyperthermia treatment of prostate tumors, with a periphe
ral channel for the antenna. This applicator of 20 mm 
diameter and 180 mm length has a cooling system by circu
lating tap water. Thus we can heat delimited portions of the 
vagina sparing the surrounding normal tissues. 
The tumo.- temperatures registered by the thermistors were 
41-45 C during the 45-60 min. of the treatment. Heat was 
given weekly within 30 min of the 192Ir irradiation. 

Experimental apparatus 

We characterized the performance of the two applicators in 
tissue equivalent material. The phantom material was compo
sed of the following:60% saline (2.5% NaCI, 97% H20 );22.5X 
sugar and 17.5% Tx150 (superstuff) (Nilsson 84) (2). The 
muscle material was contained in two halves of a 20cmx20cmx 
15cm bisected polystyrene box (0.5 cm thick) with a central 
hole for the applicator. After a b.-ief (60-120 seconds) pe
riod of high power (40 watts) exposure the model wassepara
ted and a thermogram was taken by infrared camera (AGA 782 
Thermovisionl. Microwave frequency at 915 MHz was used. The 
surface temperature before microwaves exposure was recorded 
too. 

RESULTS AND CONCLUSIONS 

Qualitative informations on the heating patterns were obtai
ned by taking polaroid photographs of the phantom model 
thermograms. The heating patterns varied with the applied 
frequency (915 MHz) around the two applicators, 
For both applicators,approximately 40 W of power for 2 min. 
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were necessary to produce a temperature rice of 1 C in the 
tissue equivalent phantom about 3 cm away from the appli
cator surface. In the applicator having a central hole for 
the antenna the heat distribution was relatively uniform 
and symmetrical around it. An asymmetrical heat distribu
tion has been acheived for the second device. The active se
ction was from the tip and down 6-7 cm for the two antennas. 
Heating patterns of these applicators were necessary infor
mations to select a proper probe for the treatment of tumor 
at a particular site. 
Two patients developed vaginal recurrences of cervical car
cinoma after previous (2 years earlier) radical abdominal 
hysterectomy (Meigs technique) causing vaginal discharge. 
They received radical radiotherapy to the pelvis followed 
by three weekly intracavitary radiothermotherapy. The pa
tients are alive with normal appearance of vagina and nega
tive biopsy and pap smear. 
The other patient presented a cervical stump and vaginal 
recurrence of cervical stump cancer previously irradiated. 
The patient was treated with palliative dose of brachythe
rapy (40 Gy, 20 fractions in 4 weeks) and hyperthermia 
(for a total of 4 sessions at weekly intervals). The treat
ment resulted in symptomatic relief (pain, vaginal bleeding) 
but she presented residual disease at 2 months into follow 
up. The patient expired 1 month later from an intercurrent 
disease. There has not been sufficient length of follow up 
time to allow a report of the efficacy of this treatment. 
All the patients tolerated the hyperthermia sessions, las
ting 45-60 min. There were sensations of local heating or 
pain, but all patients completed the planned treatment. 
Subsequent speculum examination did not reveal acute thermal 
damage.Our patients have not the early radiation reactions 
from the bladder, intestines or vaginal mucosa so far accen
tuated. We conclude that this modality of treatment can be 
given safely in combination with radiotherapy. 
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LOCAL MICROWAVE HYPERTHERMIA JHlIJ BENIGN PROSTATIC 
HYPERPLASIA INDUCED BLADDER OUTLET OBSTRUCTION 

Patrizio Rigatti, Giorgio Guzzoni, Francesco Montorsi 
Department of Urology, Istituto San Raffaele Milan, Italy 

I NTRODUCT I ON 

Hyperthermia (HT) has been used as a treatment for 
cancer since last century, both alone or combined with 
chemotherapy and radiotherapy. The rationale supporting the 
application of heat in cancer therapy is based on the 
following data: 1.) HT increases tumor sensitivity to 
radiation and it can be cytotoxic itself 2.) HT increases 
the rate of neoplastic necrosis induced by chemotherapy 3.) 
hypoxia cells are sensitive to HT while are resistant to 
radiations 4.) solid tumors are heat reservoirs due to poor 
blood supply 5.) tumors previously irradiated can be 
submitted to HT with no additional damage to normal tissue 
6.) heat inhibits the repair of radiation induced damage to 
DNA 7.) neoplastic cells are more sensitive to heat (42-44 
t) than normal cells. This experimental and clinical 
evidence contributed to the progressive broadening in the 
use of HT. In 1982 Yerushalmi and associates (1) reported 
the first series of prostate cancer patients submitted to 
selective prostatic HT. Since then, several authors have 
reported experience with local HT for prostatic diseases 
(2.3). This study reports our series of 100 benign prostatic 
hypertrophy (BPH) submitted to local prostatic HT and 
evaluated at the six month follow-up date by clinical, 
histological and ultrastructural studies. 

MATERIAL AND METHODS 

From November 1987 to December 1988, 199 BPH patients 
underwent treatment with local prostatic HT. This study 
deals with the first 100 patients evaluated at the six month 
follow-up date. Thirty patients had an indwelling catheter 
and 70 complained of severe bladder outlet obstruction 
symptoms. The mean age of patients was 64.9 years (range 54-
81 years). The system used to deliver HT (Prostathermer 990) 
was developed by Yerushalmi and associates (1). Briefly, it 
is composed of a 915 MHz microwave source a rectal heat 
applicator with a cooling system for the interior wall of 
the rectum, a urethral probe to measure prostatic 
temperatures and a computer system for data analysis. 
Hyperthermia was delivered in 60 minute long sessions, once 
a week in patients younger than 70 years and twice a week in 
older patients and in case of an indwelling catheter. The 
entire therapeutic course lasted 5 weeks. Calculated 
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i n t e r pro s tat i c t em per a t u r e was 42:!: O. 5 ·C . T rea t men t s we r e 
performed on an outpatient basis as neither anesthesia nor 
sedation were used even when patients with an indwelling 
catheter underwent combined treatment with HT and 
cyproterone acetate (50 md/day for the entire duration of 
treatment); the remaining 13 patients were submitted to HT 
monotherapy. Patients were evaluated pre- and post
operatively by subjective scoring of symptoms, physical 
examination,complete biochemistry, intravenous pyelogram, 
trans-rectal ultrasound of the prostate, rectoscopy, 
uroflowmetry and evaluation of rest volume. Nuclear magnetic 
resonance (NMR) was performed in 15 patients. A 
questionnairA was used to evaluate subjective symptoms: 
answers were scored from 1 to 9, the highest value 
corresponding to the best clinical condition and vice versa. 
Twenty-five patients presented with a clinical suspicion of 
prostate cancer: a transperineal biopsy was performed before 
starting the treatment and at the one month follow-up date. 
Specimens were studied by light and transmission electron 
microscopy (TEM). Selection criteria was strictly observed: 
HT was administered only to patients at poor operative risk, 
young patients refusing post-surgical retrograde ejaculation 
and patients refusing surgery because of personal 
motivations. Only 55% of the patients evaluated for 
treatment with HT were considered as eligible and entered 
the study. Patients were seen at the one week, one month, 
three month and six month follow-up dates. 

RESULTS 

Subjective (frequency, nocturia and urgency) and 
objective (maximum and medium urinary flow) parameters were 
studied in 70 non-catheterized. Subjective symptoms were 
improved in 57 (81.4%) patients while in 13 (18.6%) patients 
HT did not modify the clinical picture. Table 1 shows pre
and post-operative subjective scoring of symptoms. Table 2 
reports uroflowmetric data: the increase in urinary flow 
rate and the decrease of rest volume after HT were 
statistically significant (p .001) in 54 (77.1%). The 
improvement of at least four of the considered parameters, 
were used to define the treatment as succesful. 
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Table 1 Pre- and post-hyperthermia subjective 
symptomatology in 70 non-catheterized patients 

PRE POST 

Frequency 4.0 6.5 
Urgency 3.4 5.5 
Nocturia 4.3 6.5 

Scoring:from 1 worst to 9 best. 



Table 2. Pre-and post-hyperthermia objective parameters in 
70 non-catheterized patient. 

Maximum flow 
Medium flow 
Rest Volume 

Pre 
Median + SEM 

7.4 +/ -0.4 
3.3 +/ -0.2 

115 +/ -14.4 

P + Wilcoxon Rank Sum Test 

Pre 
Median + SEM 

9.8 +/ -0.2 
4.6 +/ -0.2 
35 +/ -8.7 

P+ 

(.001 
(.001 
(.001 

According to these criteria, 70% of the patients were 
considered as having a succesful result. Among the 
patients with an indwelling catheter, 14 out 17 (82.3%) 
treated by combined HT and CPA and 8 out of 13 (61.5%) 
submitted to HT monotherapy, could void spontaneously. The 
mean rest volume in patients who had the catheter removed 
was 75 and 50 ml in the two groups, respectively. 
Statistical analysis was not performed in these two sub
groups due to the limited number of patients. Post-operative 
transrectal ultrasound of the prostate did not show any 
definite modifications: only in some cases a slight tendency 
to hypoechogenicity was seen, possibly due to an increase in 
the fluid fraction of the gland. The same finding was 
confirmed by NMR when performed. Both histological and 
ultrastructural studies demonstrated the integrity of cell 
membranes, the presence of lymphocytic infiltrates, 
interstitial edema, dilation of intraprostatic vessels and 
ducts. The latter finding could confirm the patterns 
evidenced by ultrasound and NMR. No tessutal and cellular 
irreversible lesions could be detected. Complications 
included urinary tract infection (3 cases), transient 
urethral bleeding (12 cases), transient hematuria (5 cases), 
hemospermia (8 cases). 

DISCUSSION 

Almost 200 BPH patients were submitted to LH at our 
institution. The patient selection was the real clue for 
achieving satisfactory results. We believe that surgery is 
still the first choice therapy for obstructed BPH patients, 
being successful in 95% of cases. At our institution we 
suggest the patient to undergo local prostatic HT only in 
case of poor operative risk or absolute refusal of surgical 
treatment. Alternative options are transurethral balloon 
dilation of the prostatic urethra (5) and endoprostatic 
prostheses (6). Results reported are still preliminary and a 
definite conclusion cannot be drawn yet. Presently local 
prostatic HT has been used in large series of BPH patients: 
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several authors reported satisfactory results, i.e. 80% 
catheter removal and 70% amelioration of both subjective and 
objective symptoms. Different therapeutic protocols as 
regarding the number and duration of sessions, 
intraprostatic temperatures and systems for delivering HT, 
do not allow for a correct evaluation and comparison of data 
achieved. In our series of patients, a 70% success rate thus 
slightly lower to data reported in the literature. At our 
institution, at least 4 out of the 6 parameters evaluated 
must be improved in order to consider the treatment as 
successful. We deem that we will increase our success rate 
by increasing the number of local prostatic HT sessions as 
we usually notice the clinical improvement after the first 
4-5 sessions. We have recently started a protocol with 10 HT 
sessions also in young patients without a catheter but it is 
also a safe therapy and TEM could demonstrate for the first 
time the integrity of cellular membranes after HT (Figure 
1).We conclude that LH is a safe and effective treatment for 
BPH patients not considered as suitable for surgical 
therapy. If the results achieved in our experience were 
confirmed at long-term follow-up, a revolutionary 
therapeutic proposal could be suggested: prophylaxis of BPH
induced bladder outlet obstruction by therapy with HT 
performed before the onset of clinical symtomatology. 

Figure 1. Prostatic biopsy taken at the post -HT one month 
follow-up date. Mononucleated inflammatory cells infiltrate 
the prostate; intra cellular membranes are well preserved 
(TEM 6400X) 
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Introduction 

The start of clinical hyperthermia reminds of the development of radiothera

py. Both had some difficulties to reach localized deep processes. Only 

highvoltage irradiation allowed to pass . the hindering skin. For a long time 

hyperthermia was only capable to heat tissue within a deepness of 3 to 

5 cm. Since the use of electromagnetic waves effective heating of deep 

seated tumours seemed possible. A great number of patients is now treated 

successfully with the annular phased array system (4). The BSD 2000 device 

with the sigma-applicator expresses a technical improvement and promises 

advanced local hyperthermia technique (6, 7). Does this more sophisticated 

new system now allow to perform a safe and distinctive hyperthermia 

treatment in any region deep in the body? Our first clinical observations 

with radiotherapy and hyperthermia may lead to some answers. 

Methods 

Patients with inoperable, large and central necrotic tumours in the pelvis 

and/or abdomen were treated with radiotherapy and deep local hyperther

mia. The advanced local extension seemed to be resistant to other conven

tional treatment schedules. Photons with energies of 6-MeV up to 45-MeV 

and electrons up to 45-MeV were used. The daily fraction was lBO-200 
cGy, modulated by the initial treatment volume. A total dose of 45-50 
Gy was given in 4 to 5 weeks; including a boost to shrinked tumour mas

ses. The hyperthermia was produced with the BSD 2000 device and the 

sigma applicator (BSD Medical Corporation, Salt Lake City, Utah, USA). 

The temperatures were measured with calibrated Bowman-probes to get 

an appropriate accurracy (1). 

After diagnosis to 3 teflon-catheters were implanted intraoperatively 

in the already known tumour region. A CT-control afterwards was per

formed. Always just before the treat ments additional catheters were placed 

in the rectum, the bladder and- in female patients in the vagina. Also 

the measurement of the skin in the treat ment field and if possible of critical 

points was done. During the treatment the probes were moved along 

the catheters. This allowed to detect inhomogeneities and their correction 

whenever possible. External and invasive e-field probes measured the 

Consensus on Hyperthermia for the /990s 
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electromagnetic field distribution. The positioning of the patient in the 

applicator could be controlled. During the treatment changing of frequency 

and amplitudes was followed by a focused energy without extensive manipu

lations on the patient. Heart rate and blood pressure were monitored 

every 5 minutes. The aim was to reach 42,ODC to 42,5 DC whenever possible. 

In large masses in the abdomen we thought 41,5 DC to be sufficient. 50 
complications with fixed small bowel should be avoided. If possible hyper

thermia was given once or twice a week within half an hour after irradia

tion. C T -scans were repeated after 2000/4000 cG y and every three months. 

Additional analgetics were never given out of principal reasons. 

Radiobiological examinations of irradiated tumours is a method initiated 

and performed in our institution (2). As a routine during the implantation 

of the catheters a new biopsy was taken. The living tu mour cells were 

cultivated and treated under sa m e conditions. 

Results 

We report of our first experiences with 3 patients. 

age (years) 

first symptom 

primary 

st ag e 

treated region 

localization 

tumour volu me 
(C T) 

tumour control 

survival (months) 

Table 1 

SUMMARY OF PATIENTS 

W.R. U.P. 

47 47 

pain pain 

sarcoma colon 

III Dukes D 

(T 3NOMO) 

pe I v is abdo men 

+ pel v is 

excentric excentric 

16x24x11 cm 18x10x10 

CR PR 

4.0 4.0 

R.L. 

67 

stenosis 

subileus 

cervix 

III 

p elv i s 

central 

cm 7x7x5 cm 

PR 

living 

The average time from the first symptom to diagnosis was 7 months. 

One patient presented a large slowly growing cancer with distant metasta

sis. In this palliative situation over more than two years no causal therapy 

was performed. In two situations an initial transverso-sigmoidostomia 

was needed. Intraoperative there was only a biopsy possible. No previous 

chemotherapy was initiated. Two patients died of distant metastasis mean

while. A local tumour control was clinically achieved. 
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Large tumours are measured radiologically, a remarkable regression after 

2000 cGy is shown. 

Table 2 

CT-results of combined treatment (RT - HT) 

mean volume (cm) 

initial 

2000 cGy 

4000 cGy 

3 months 

inhomogeneities 

initial 

2000 cGy 

4000 cGy 

3 months 

central necrosis 

in it ial 

2000 cGy 

4000 cGy 

3 months 

calcification 

initial 

2000 cGy 

4000 cGy 

3 months 

commentary 

W.R. 

16x24x11 cm 

10x 9x 9 c m 

CR! 

u.P. 

18x10x10 cm 

18x11x 9 cm 

14x 1 Ox 9 c m 

14x 8x 8 c m 

+ 

+ 
++ 

++ 

+ 
++ 

++ 
++ 

+ 
++ 

+++ 

PR! 
(no tumour visible) 

R.L. 

7x7x5 cm 

7x7x4 cm 

5x5x3 cm 

4x4x3 cm 

+ 

++ 

++ 

++ 

+ 

+ 
+ 
++ 

+ 

PR! 

A rapidly intratumoural calicification was observed after treatments. 

Radiologically a complete remission and two partial regressions are docu

mented. Photograph 1a and 1b show the complete remission of a large 

sarcoma (case W.R.). Note the implanted temperature probes. On photo

graph 2a and 2b the extensive calcification of an adenocarcinoma (case 

U.P.) can be seen. 

The average time of hyperthermia sessions was 77 min. In one patient 

large masses were found in the abdo men and retroperitoneal down to 

the pelvis, therefore carefully 41,5° C were given. The total time is 83 

min. 
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Photograph lao Computertomography of the pelvis of case W.R.: Large sar
comaof the left pelvis with infiltration of the muscular structures and 
the bones. Note the implanted temperature probes. 

Photograph lb. Case W.R.: Radiologically complete remission after 4400 cGy 
and 5 hyperthermia treatments. 
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Photograph 2a. Large retroperitonal-abdominal tumour mass (D.P.). Situation 
before the onset of the combined treatment. 

Photograph 2b. Computertomographic findings three months after 6 hyper
thermia sessions and {fOOD cGy: Extensive calcification of the known adeno
carcinoma. 
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Table 3 
"HEAT DOSE" 

W.R. U.P. R.L. 

tot.min. 41,5 0 C 205 83 192 

tot.min. 42,00C 15O 0* 99 

toLmin. 42,5°C 71 0* 21 

*) not intended 

42,00C could be measured over 150 min. respectively 99 min., or 42,5°C 
over a period of 71 min. respectively 21 min. Cooling of the bladder was 
necessary in two patients, no co mplications were observed. 

Heat 
neck, 
part s 

sensations most occurred 
along masses of bones, 

of the body. 

on predicted 
intratumoural 

Table 4 

localizations as in head and 
and in anato mical narrows 

LOCALIZATION OF HEAT SENSATIONS 

in the treatment field 

beyond the treatment field 

back/spine 

sacru m/ileu m 

perineu m 

inguinal 

t i b i a 1/ f 00 t 

head + neck 

cicatrice 

W.R. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

U.P. R.L. 

+ + 

+ + 

+ + 

+ 

+ + 

+ 

A II patients presented after the treat m ent a moderate erythe ma of the 
skin according to the treat m ent ports of radiotherapy, we never saw an 
ulceration or blisters. No other complications were revealed. The surgical 
implantation of the catheters avoided infections or bleedings in the best 

possible way. 

A extraordinary relief on pain and specific 

seen. A mobilisation of two patients was 

local tumour symptoms was 

followed by their dism ission 
at home. Clinically the local tumour control remained. 

Karnofsky 

reI i ef of symptoms 

reI i e f of pain 

mobilisation 

loc a I tumour control 
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Table 5 
CLINICAL RESUL T 

W.R. U.P. 

+30 % +30 

90 ~~ 85 

90 ~~ 90 

100 " 100 '" 
yes yes 

~~ 

% 

" '" 
" " 

R.L. 

1 00 ~~ 

in it i al 

yes 



Discussion and remarks 

In the first clinical observations the new system had to prove its capabi
lity and feasibility. We never saw a break-down of the security system 
and alarm controls in all performed simulations with phantoms and under 
the clinical con.ditions. An advantage was the relatively easy focusing 
of the energy center in the patient .without extensive manipulations or 
positioning. Therefore a clear enhancement of temperatures in the tumour 
region was obtained. 

A separation is soon seen: (fig. 1a) Intratumoural (and especially in bad 
perfused regions) the intended temperatures are rapidly realized. In the 
rectum, bladder and vagina there is only a moderate te mperature rising. 
This effect was allways seen in the first treatment sessions. The radiologi
cally proven tumour shrinking lead to the application of more power 
with less differences of the monitored temperatures. (fig. 1b) Here the 
preventional bladder cooling was performed. 

Table 6 

ANAL YSIS or TREATMENT-INTERRUPTIONS/STOP 

clinical 

- stress 

- pain 

heat 

systemic temperature 

cardial/pulmonal 

bolus pressure 

technical 

inadequate temp. measurement 

defect bolus 

W.R. U.P. 

1 x 

1 x 

1x 

1x 

1x 

R.L. 

1x 

1x 

1 x 

Extensive scannings of the probes detected influences of anatomical struc
tures as bones, air filled bowels, large vessels and necrotic zones. The 
reported heat sensations were partially predicted and partially measured. 
Conclusively also the following corrections are registered. Clinical the 
physical enlargement of the body with sodium chloride-filled plastic water 

bags was the most effective help. 

In one treat ment situation the patient reported of an intensive pain in 
the cicatrice (Iapratomy). Because the scar continued deep into the body, 
also changes of frequency, power amplitudes and excessive bolus cooling 
did not success. Once an intratumoural/intraperitoneal removement of 
a temperature probe was detected, for security reasons the treatment 
stoped. The same thing we report for technical reasons. The defect bolus 
could be repaired easily and the following day a successful hyperthermia 

treatment was done. 

The influence of local hyperthermia to the whole body was moderate 
and could be managed easily. A greater proble m was the bolus pressure. 
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temperature (degrees C) 
45,---------------------------------------------------~ 

44 
43 therapeutic;: temp. 

42 
41 
40 
39 
38 
37 
36 
35 

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 

time (minutes) 

-- tumor center -- tumor periphery ------- rectum,bladder 

Figure lao Temperature profile of the first treatment (case W.R.). Distinct 
realization of the intended temperatures intratumoural (central and peri
phery). Note the moderate temperature rising in the surrounding tissue (rec~ 

tum, bladder). 

temperature (degrees C) 
45.-------------------------------------------------, 
44 
43 therapeutic t~mp. 

42 
41 
40 
39 
38 
371== ....... -
36 
35~~~~~--~~~~~--~~~~~--~~~~~--~~~ 

o 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 

time (minutes) 

- tumor center tumor periphery ------ bladder - rectum 

Figure lb. Temperature profile of the fifth treatment (case W.R.). The radio
logically proven tumour shrinking lead to the application of more power with 
less differences of the monitored temperatures. Here the preventional bladder 
cooling was performed (dotted line). 
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Those patients who suffered initially from heavy pains reported a stronger 

pressure or even more pain. This was one reason for a treatment stop. 

Regressions in the CT-scans after the combined treatments are even more 

impressive compared to the initial tumour size. Especially the undifferentia

ted sarcoma regressed clearly after 2000 cGy. Inhomogeneities and central 

necrosis are more visible after the treat ment. 

We think that the observed rapid calicification could be specific for the 
effectiveness of the co mbined treat ment modality (7). The obtained volu me 

reductions asked for the parallel in vitro investigations with living cells 
of the same tumour. In our institution cell cultivation of irradiated tumours 

is regularly performed. It has been demonstrated that only the combined 

treatment could achieve a local tumour control (3). This clearly points 

out the successful treatment. 

Conclusions 

With the BSD 2000 device improvements of technical use and clinical 

applications could be seen. The question was if the sophisticated system 

also produces sufficient heat in any wanted region in the pelvis or abdo men. 

Our clinical results are encouriging so far. Combined with external radio

therapy this efforts lead to a distinctive enhancement of radiosensibility. 

Impressive clinical success was the result. 

Parallel to physical and 

of the treatment under 

the treatment modality. 

clinical investigations the 

same conditions revealed 

M ore clinical studies are 

in vitro si mulation 

the effectiveness of 

therefore needed to 

consolidate the new local treatment approach. 
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Introduction 

The prospect of a successful introduction of hyperther mia in the field 
of radiooncology increased during the last few years as a result of the 
technical realization of selective and controlled heat applications in well 
defined and also deep seated target volumes. This lead to extensive radiobio
logical studies on this subject (10). Possible side effects as the development 
of "thermotolerance", an adaptive reaction of the tissue ( 2 , 4 , 6 , 8 , 9 ) , 
as well as cytotoxicity of heat treat ments were discussed (1,5). 

Unfortunately the results of the majority of these studies are hardly repre
sentative for the clinical situation. Most of the in vitro studies are done 
with animal cells. Regarding to the experiments based on human tumour 
cells it is of importance that the established cell lines often represent 
a selection of cells with an atypical chromosome frequency distribution 
compared to the original tumour in vivo. In addition hyperthermia experi
ments often exceed clinically relevant values regarding the duration (more 
than 1 hour) or the temperature range (more than 43°C) and for combined 
treatments radiation doses often pass over the therapeutic limits • 

. Radiobio·logical examinations of tumour tissue obtained from actually 
trellted patients is a method initiated by the headmaster (N.S.) and per
formed routinely in the radiotherapy departement of Aarau. Especially 
in the field of combination of radiation treatment with local hyperthermia 
of the tumour tissue, we just started a series of comparative studies 
of in vivo and in vitro reaction of the same patients tumours, in order 
to get a better knowledge of synergistic effects and their dependence 
upon possible adaptive reactions (7). 

Meth·ods 

To assure the transferability of in vitro investigations to the clinical 
situation our experiments were based on short term cultures of human 
tumour cells derived directly from sllrQical specimens of tumours in mart 

(3). The cells were cultivated in the radiotherapy departement and then 
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treated with the same modalities and the same technical equipment as 
the patient. Irradiation was performed with a linear accelerator (6-MeV
Photons) using a clinical fractionation of 200 cGy. The total dose was 
the same as administered in the patient. For technical reasons heat appli
cations for cell cultures were perf or med by circulating air. Temperature 
measurements are monitored with Bowman probes and the B5D 2000 device 
(figure 1). 

35 

COMPARISON OF TEMPERATURE PROFILES 
IN VIVO AND IN VITRO 
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heat start steady state heat stop 

Figure 

in vivo (tumour in the pelvis) 

in vitro (cultured tumour cells) 

This allowed an exact in vitro simulation of the in vivo temperature course 
in the tu mour. 50 the treat m ents of patients and cell cultures of the 
specimen of their tumours were made under the same clinical conditions. 
The efficacy of the combined treatment modality could be compared with 
other treatment forms as radiotherapy or hyperthermia alone. 

To assure the results and to get further information concerning cell kinetics 
during and after the treat ment a second series of investigations was initia
ted using an established human cell line (HuTuBO) derived from an adenocar
cinoma of the duodenum. The cell line w.as choosen because of its si milar 
karyology compared to most of the adenocarcinomas we checked for chro
mosome number: About 70 % of the cells show the normal 2n number 
of 46 chromosomes and the other cells are slightly aneuploid with chromo
some numbers between 43 and 4B. 

The cells were treated as follows: 
- no treatment 
- 5x irradiation per week (200 cGy; 6-MeV-Photons) 
- 2x hyperthermia per week (42,5°C during 45 minutes) 
- 5x hyperthermia per week 
- 5x irradiation and 2x hyperther mia per week 
- 5x irradiation and 5x hyperther mia per week 

In each case series of 3,5 million cells were treated during 5 weeks. To 
quantify the extent of cellular dam age the nu mber of vital cells and their 
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growth characteristics in clonal assays were determined. These tests were 

done weekly during this time and after the end of the treatment period. 

Results 

We first investigated a successfull therapy of an inoperable undifferentiated 

sarcoma of the pelvic region of a 48-year old woman who suffered from 

progredient invalidity. The combination of radiotherapy by 6-MeV-Photons 

with hyperthermia applications twice a week lead to a surprising rapid 

shrinking of the tumour mass. After a radiation dose of only 4000 cGy 
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Figure 2 

the tumour had disappeared and was no more detectable by computer 

tomography. The patient got free from pains. 

By means of cell cultures derived from tumour tissue which was surgically 

removed before the beginning of the described therapy it was possible 

to repeat the very successfull therapy under in vitro conditions 

and to compare its efficacy with other treatment forms as radiotherapy 

or hyperthermia alone. Figure 2 shows the changes in cell number of 

the cultivated sarcoma during the therapy, depending on the treatment 

mode. 
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In the beginning of the therapy no significant differences between the 

combined treatments and the monotherapies can be noted, that means 

the tumour cells are inactivated to a similar extent. With progression 

of the therapies definite differences regarding the regression of tumour 

cells could be seen, showing the gain in effectiveness of the therapy by 

combining the radiation treatment with fractionated hyperthermia. 

The behaviour of the cells surviving the therapy and showing vital proper

ties is of special interest (see figure 3). 
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An initial reduction of the cell number occurs following all treatment 
forms, due to the death of damaged cells. A stabilization of the cell 
number is reached after 4 weeks, but cultures which received monotherapeu
tic treatments (radiotherapy or hyperthermia alone) developped some 
weeks later the ability to regrowth clonally, representing an in vitro mani
festation of a relapse situation. In contrast no growth was noticed after 
the combined treatments. 

... UNTREATED ... IRRADIATED .... 2 x HYIWEEK ... 5 x HYIWEEK 

...... IRR (2 x HYIWEEK) ... IRR (5 x HYIWEEK) 

2 4 7 9 10 

I WEEKS DURING THERAPY I I WEEKS AFTER THERAPY I 

Figure 4 shows the results obtained with the cultivated adenocarcinoma 
(H uTu80). 

Whereas the untreated cells grew exponentially, the cultures treated 
by hyperthermia aione showed a redu~ed growth and finally a stabilization 
of the cell number at the same level of about 4,5 million cells, independent 
on ~he number of treatments per week. At the end of the treatment cells 
continued to grow exponentially, co mparable to non treated cells. Both 
the irradiated and the combined treated cultures showed initially a compara
bleloss of cells, followed by an accelerated regression in the combined 
treated cultures. The few cells surviving the combined treatments lost 
their vitality during the posttherapeutic period, whereas the cells treated 
with radiation alone showed regrowth after the end of therapy. This obser
vation correlates to experiences of in vivo therapy, where radiation doses 
of 4000 - 5000 cGy are not destructive for adenocarcinomas. 

Our preliminary results of clonal assays indicate that doses at least between 
7000 and 8000 cGy are needed to destroy entirely these human tumour 
cells by radiation alone, whereas after the co mbination of radiation treat
ment with hyperthermia the same result is obtained already after 4000 
- 5000 cGy, that means approximatively 70 1~ of the regular dose. 
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Discussion 

Comparative studies of in vivo and in vitro treatments of tumour cells 

may help to enhance the knowledge about the co mbination of radiotherapy 

and hyperthermia. Especially in successfull therapies of advanced local 

tumour extensions rises the question if either irradiation or hyperthermia 

alone could have lead to the same clinical result. The simultaneous per

formed treatments with patients and cultivated tumour cells obtained 

from biopsies of the same patient before the onset of the combined treat

ment ought to find possible answers. The observed advantage of the com

bined treatment modalities in our cell investigations will need further 

studies with different tumour types and more different tests to quantify 

the possible dose modifying effect for combined therapies. If one considers 

the used clinical conditions (42-43°C), factors as cytotoxity of hyperther mia 

per se and "thermotolerance-effects" may influence the result. Therefore 

the clonogenic properties of cells treated with hyperthermia twice per 

week or five times per week were tested (figure 5). 
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During the first week of treatment the hyperthermia resulted in a slight 

activation of cell proliferation, registered in an augmentation of the portion 

of colony forming cells. In a broad interpretation this observation could 

be understood as thermotolerance. However with the continuance of hyper

thermia treatments, for instance from the second week, the content of 
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clonogenic cells decrease and reaches values below those of untreated 
cells. The same tendency is seen regarding the growth characteristics 
of the cells at different moments of fractionated hyperthermia as shown 
in figure 6. 
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No significant changes are seen between cells treated twice or five times 
per week, for instance no thermotolerance was indicated by the more 
frequent applications. The combined treatments with hyperthermia and 
radiation show a reduced survival of tumour cells already beginning with 
the onset of treat m ent. 

The result that fractionated hyperthermia combined with radiotherapy 
did not lead to a certain "thermoresistance", even if heat treatments 
were given as frequent as five times per week, corresponds well to other 
observations (11). The question remains if under clinical conditions five 
hyperther mia sessions are tolerable, especially under the aspect that a 
similar result may be obtained with two treatments per week. 

Conclusions 

We think that the use of heat as a radiosensitizing agent could be a success
ful modality especially for the radiation therapy of supposed less radiosensi-
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ble tumours. There is hope that further comparative investigations between 

in vivo and in vitro reactions on the same patient's tumour, including 

flow cytometric and electron microscopic methods, will help to create 

a solid basi.s for an optimal utilization of non toxic heat treatment as 

radiosensitizing agent and therewith will lead to an improvement of local 

regional treat ment forms. 
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HYPERTHERMIA AND HYPERGLYCEMIA IN THE TUMORS THERAPY 

S. Osinsky, V. Protsyk, A. Gusev, L. Bubnovskaja, A. 
Cheremnych 

R.E. Kavetsky Institute for Oncology Problems, Acad. Sci. of 
UkrSSr 

252022, Vasilkovskaj~ Str. 45, Kiev-022, USSR 

Despite considerable progress made in the field of 
hyperthermia, problems still exist. Resolution of which 
should improve the possible application of hyperthermia and 
improve it's results. The following scheme including all 
the possible variants for solving the problem of optimizing 
the hyperthermia method: 

1. Development of heating devices which should be improved 
by the two means: to improve the existing devices and 
development of the new eauipment. 

2. Enhancement of antitumor and radio- and 
chemosensibilizing hyperthermia effects: modification of a 
tumor cells membrane, decreasing of tumor pH and p02, 
inhibition of intratumoral blood flow. 

This paper will not report the technical problems but 
will discuss the biological aspects of hyperthermia 
optimization. 

At the present time it would hardly be possible to 
obtain uniform heating of a tumor. Therefore there is a 
danger of tumor underheating decreases the efficacy of 
hyperthermic method. To avoid this danger, enhancement of a 
tumor tissue thermosensitivity might be quite promising. 
This could be obtained by using one of the above mentioned 
biological approaches. 

Hyperthermic effects are known to be the highest at low 
pH level or hypoxia; which creates deficiency of nutrients 
and energy, slow blood flow and increase in cell numbers in 
S-phase of the cell cycle. 

The most promising method of the thermosensibilization 
according to some authors (M. von Ardenne, 1972; Zhavrid et 
al., 1987; Osinsky et al., 1988; Yarmonenko et al., 1988) is 
induced hyperglycemia. Our experiments confirm this idea. 

It was shown before that the tumor pH drops selectively 
under induced hyperglycemia (IHG). Different authors who 
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used the various methods for induction of hyperglycemia, the 
tumor pH was ~ecreased in the following ways: S.50-6.46 in 
the rats, 6.15-6.22 in the mice and 6:29-6.55 in the 
patients (Wike-Hooley et al., 1984). 

Taking into account the above data, application of the 
IHG, for the enhancement of the hyperthermic efficacy, is 
quite promis~ng. Some authors, however, do not support 
application of IHG. They state that during IHG the tumor 
glucose contents and energy level will increase (Haveman, 
Hahn, 1981; Dickson, 1982; Shah et al., 1983). In the 
experiments in vitro, the tumor cells turned out to be 
thermoresistant. Opponents of the IHG studied the problem 
in vitro only. Several experiments were carried out with 
the intraperitoneal glucose injections into animals for 
inducing the hyperglycemia. This schedule however, is not 
only clinical ones but even could not produce conditions in 
a tumor similar to those under intravenous method of IHG. 

We have developed the original method for hyperglycemia 
induction: intravenous infusion of the 20% glucose solution 
at a rate of 60-80mg per min. for 1.5-2h. Such schedules of 
IHG were determined to be the most optimal for a thermo- and 
chemosensibilization of the tumors. 

Using our method of the IHG we obtained a considerable 
selective pH decrease in the different experimental tumors: 

Tumors (rat) Initial pH Final pH 

Guerin carcinoma 6.73 ±. 0.05 5.51 ± 0.08 
P 1 iss lymphosarcoma 6.68 :t 0.08 5.66 ± 0.27 
Yoshida sarcoma 7.07 :t 0.15 6.24 ± 0.12 
OS-carcinosarcoma 7.02 :t 0.14 6.08 ± 0.22 
7, 12 DMBA mammary carcinoma 6.70 ±. 0.08 6.10 ± 0.09 
Glyoblastoma (strain 101.3) 6.73 ±. 0.20 5.92 .± 0.24 

(Mouse) Crocker sarcoma 6.79 .± 0.09 6.38 :!:. 0.13 

Under such conditions the other indices, that are 
important for modification of the thermosensitivity, were 
also altered. It was observed that the p02 value decreased 
from 5 to 0.5 kPa, the tumor cell numbers in the S-phase 
increased by a factor of 2, blood flow rate decreased by a 
factor of 2 to 3 (sometimes to zero ml/l00g per min.). 
Tumor energy charge and glucose content remained relatively 
unchanged: 3.2 10 3.8 10 M and 0.1---3mM, respectively. 
These values are not comparable with those presented in the 
experiments mentioned above (Haveman, Hahn, 1981; Dickson, 
1982; Shah et al., 1983). 

It was noted that antitumor effects of microwave 
hyperthermia was increased significantly under the two year 
survival was not observed. 
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Some dogs with soft tissue sarcomas were treated with 
microwave local hyperthermia (2450MHz, 60 min.) and 
intratumoral injection of methotrexate (0.5mg/kg) at 45-50 
min. of heating. This combined treatment was used once per 
week during a 1-3 week period. After 10 days the dogs were 
operated on. Temperature distribution was as follows: 
skin-50.9 degrees C, tumor center-43.5 degrees C, under 
tumor-40.9 degrees C. Complete regression in 17% cases and 
partial regression in 83% were obtained. Mean time to 
progression was 610 (60-1117) days. Methotrexate dose was 
decreased by 1.5-2 fold. 

Combined treatment methods, using a local hyperthermia, 
in 106 patients with the head and neck tumors were approved. 
Tumors of the following sites were diagnosticated: mucosa 
oral cavity-35 patients, tongue-34, upper jaw-13, salivary 
gland-lO, lower lip-6, hairy part of head-8. 

According to the TNM classification, the tumors were in 
the f 01 low in g stag e s : Tz. 1\10-11"'10-2.1, T"N.,Mo -.l.4) T3 "'1-2. Mo -~" JTI/-I'I,-2. M;zs, 

Histologically, in 93 patients squamous cell carcinoma 
was determined, in 12 patients-adenocarcinoma and in 1 
patient-an undifferentiated cancer was observed. 

Radiation was given in 5 daily fractions per week. The 
fraction size was 2.5Gy. Total dose was 30Gy. Chemotherapy 
and HT were given after the radiation fraction of twice per 
week. (On the 3rd and the 5th days). HT was to be started 
within 20-25 minutes after the radiation and 10-15 min. 
after the drug injection. Patients were treated with 
microwave units operating at 915 Mhz at 42-44 degrees c, for 
45-60 min. Methotrexate at a dose of 15-25 mg was injected 
into the tumor or into a corresponding external carotid 
arteries. The total dose of drug was 60-100 mg. 

In the next week the treatment was repeated. Within 3-
4 weeks all the patients with stage II of the disease and 
patients with stages III-IV had considerable tumor 
regression those with more than 50% volume were operated on. 
In the remaining cases, within 3 weeks the second course of 
thermoradiochemotherapy, was administered similar to the 
first one, followed by surgery. 

Temperature was measured by means of thermocouples 
which were inserted directly into the tumor and under it. 
The latter were incorporated into the 0.5 mm syringe 
needless. 

Data of the thermoradiochemotherapy results are 
demonstrated"in Table 1. 

The best immediate direct results were obtained during 
the treatment of patients with a spread tumor process, 
alteration of tumor cells microenvironment. 

Guerin carcinoma and Pliss lymphosarcoma were treated by 
mea n s 0 f "L u n c h - 2" mac h i n e (2450 MH z ) . The he at i n g we r e 
gi~en immediately after the IHG and maintained for 1 hour. 
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The tum 0 r t em per at u r e was 4 1 0.5 0 r 43 0.5 0 C . The 
thermometry was performed by means of perturbing copper
constantan thermocouples that were inserted into the tumor 
perpendicular to the electrical field. Rats bearing 
subcutaneous tumors in size 1.5 - 2.0 cm were used for 
therapeutic experiments. 

It was 
carcinoma 

obtained that time doubling (TD ) of Guerin 
was: control- 2.5 +/- 0.3 days;41 C-60 min- 2.6 

Table 1. Treatment result of the patient with 
the head an~neck tumors 

Indices Stages of Disease 
(patient numbers are shown in brackets) 

T1. No Mo T",5 No-I Mo T4 N'_2 M" 

tumor reaction (%) 21 60 25 
complete regression 85.7(50.5)* 28.3 ( 0 ) * 8.0(0)* 
partial regression 14.3 45.0 48.0 
no change 26.7 44.0 
progression 
time to progression 10-21 8-10 6-7 

(months) 

*-complete regression rate in patients treated with the 
radiation alone. 

+/- 0.3; 43 C - 60 min - 4.0 +/- 0.6;IHG + hyperthermia 
(HT) 41 C- 5.6 +/- 0.7;IHG + HT (43 °C) - 7.6 +/- 0.2 
(p 0.05). TD of Plisslymphosarcoma was: control - 1.9 +/-
0.4 days; 43 C - 60 min - 4.3 +/-;IHG +HT ( 43°C) - 5.75 +/
O.l)p 0.05). 

Efficacy of thermochemotherapy was also enhanced under 
IHG. The rats with Guerin carcinoma were treated with IHG 
(our schedule) immediate followed by HT (43 0 C, 60 min). 
Thiophosphamide was given intraperitonealy at a dose of 2 
mg/kg at the 60th min of glucose infusion. The dose of drug 
was 3 mg/kg in rats that were not treated with combined 
method. Treatments were repeated for 2 times with 2 days 
interval. TD of tumor increased 2- fold when thermotherapy 
with drug was used after the induced hyperglycemia control 
- 2.5 +/- 0.3 days; HT - 4.3 +/- 0.6; IHG- 2.9 +/- 0.5; drug 
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- 4.4 +/- 0.4; drug +IHG-7.B +/- 0.6; drug+ht- 5.B 
+/- 0.5; IHG+drug+HT-12.3 +/- 0.9 (~-G and P~5 0.05). 

Complete regression in tumor volume was obtained after 
the combined treatment in 75% cases, after application of 
thiophosphamide alone in 35%, after combination of drug+HT
in 50%, after combination of IHG + drug - 60%. 

Treatment efficacy of the dogs with the spontaneous 
mammary gland tumors in the II-IV stages of a disease 
combined therapy with IHG was studied (with collaboration A. 
Hassan, Ph.D.). Chemotherapy alone or in combination with a 
IHG was applied once in 10 days with 2-3 times repetition. A 
20% glucose solution was intravenously infused at a dose of 
60-BO mg/kg per min and a methotrexate was slowly injected 
at dose of 0.5mg/kg for 60-70 min beginning from a glucose 
infusion. In 10 days, when the drug therapy was completed, 
the majority of the animals were operated on,the largest 
tumors were removed. 

The dog survival time was as follows: after a surgical 
treatment alone- 25B.8 days (60-500): after drug treatment-
410.4 (90-794); and after combined treatment - 602.B (260-
1038). More than 2 years following the drug treatment, 13% 
of the dogs were alive and after combined therapy 35% 
animals continued to live. After a surgical treatment, 
corresponding to T2 In patients with a spread tumor 
process, corresponding to T3 , a complete regression of 
neoplasia was obtained in 2B.3%, in patients with T4 - in 
B%. Partial tumor regression or stabilization of a process 
was observed in 27% patients. In patients with stage IV 
partial decrease of tumor size was indicated in BO% cases. 
It is important to note that the our results were obtained 
under lowering of total dose of radiation by a factor of 
1.25. Serious complications during the combined treatment 
were not observed. Only the patients with the oral cavity 
mucosa tumors showed some more expressed radiation reactions 
similar to epitheliiti. 

The above mentioned results and literature data gives 
us the possibility to make the following concluding remarks: 

-HT is a significant modality in combined treatment of some 
tumors 

-HT could be applied in the clinics in combination with 
radio- or chemotherapy only 

-IHG enhances the HT effect considerably 

-IHG is of indeoendent significance as a chemo-
radiosensibilize 

-IHG/chemotherapy relationship depends on the antitumor 
drugs affinity to specific tumors 
-Development of tests for tumor sensitivity to HT and IHG 

-Optimization of thermoradiochemotherapy methods occurs in 
clinical settings 
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ENHANCING THERMORADIOTHERAPY EFFICACY BY HYPERGLYCEMIA 

S.P. Yarmonenko, S.V. Kozin, E.A. Voloshina, N.P. Vinskaya, 
G.V. Goldobenko 

All-Union Cancer Research Center 
Moscow, 115478, Kashirskoye sh., 24, USSR 

The tumorcidal effect of hyperthermia (HT) and 
especially of combined use of HT and radiation-
thermoradiotherapy (TRT) may be substantially increased by 
induced hyperglycemia (HG). In this respect we have shown: 
(1) that the proper scheduling of TRT with HG is very 
important and (2) that the therpeutic effect is highly 
dependent on HG-induced changes in certain physiological 
processes, such as inhibition of blood flow, increasing 
hypoxia and anaerobic glycolysis and decreasing pH in 
tumors. The' first results of clinical use of HG have been 
also received. A search for the most efficient scheme of TRT 
with HG (Fig.l) was based on the following principles: (1) 
J.Overgaard (1982) and some others demonstrated the 
advantages of tumor heating several hours after irradiation; 
(2) according to our studies (S.P.Yarmonenko et al., 1981), 
the induction of HG, especially after irradiation, 
selectively increases the antitumor effect of irradiation; 
(3) M. von Ardenne, P.G. Reitnauer (1980) and many others 
demonstrated that the tumoricidal effect of HT was increased 
under hyperglycemic conditions due to a decreased pH and 
blood flow. Taking into consideration all these data we 
proposed that the following sequence of treatment should be 
most effective: irradiation followed by HG and then by HT 
(the last line on Fig. 1). 

ocr:::::::::: IHTI J. OVERf,III1RD 

I X I HQ. I S. VARMONENKO 

HG IHTI M.VON ARDENNE. 

Ix I HG IHI] S. KOZIN 
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Figure l. Logical scheme of the combined use 
of X-irradiation ( X ) , HG and HT. 

This hypothesis has been confirmed in experiments on 
mice bearing solid Ehrlich carcinoma (Fig.2) (S.V.Kozin et 
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40GY. HG was induced by 5 i.p. injections of glucose (total 
dose of 10.4 g/kg) during 2 hours. Tumors were heated in a 
water bath (at 43~) for 30 minutes. The induction of HG in 
all experiments was initiated 3 hours before HT. Tumors were 
irradiatied at one of the following time points: 

(1) 4 hours before HG, (2) immediately prior to HG, (3) 
between HG and HT, (4) 0.5 hour after HT, or (5) 2.5 hours 
after HT. For comparison, seperate groups of mice were 
treated with only one or with any two of these three 
modalities (HG,HT or irradiation). Treatment efficacy was 
assessed by the following end-points: tumor growths delay 
and the cure rate for mice during 120 days of post-treatment 
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Figure 2. Ehrlich tumor and skin response to X-irradiation 
(x = 35 Gy) given at various times relative to HG and HT. 

observations of the skin adjacent to the tumor were 
estimated 15-25 days after irradiation using a graded scale. 
As shown in Fig. 2, all schemes of polyradiomodification 
were highly effective and the highest cure rate (90%) was 
achieved when irradiation alone cured only 4% of animals, 
and in combination with only HG or only HT - no more than 
20% (data not presented here). Similar results concerning 
the relative effectiveness of the studied regimens were 
obtained with lower doses of irradiation using tumor growth 
delay end-point. 
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Fig. 2. also demonstrates that irradiation-induced skin 
reactions were not enhanced by HG plus HT when only these 
motalities were applied after irradiation. 

So we can make a conclusion that the best results are 
provided with the schedule of polyradiomodification when 
irradiation precedes HG and HT. 

In other experiments we have estimated the therapeutic 
gain of this the most effective scheme (Table 1). 

Table 1. The efficacy of TRT with HG 

Exper:i.nental Number Cured Skin 
conditions of mice % reaction 

40Gy 20 45 3,58 
30Gy 30 ° 2,07 

30 Gy+HG 30 7 1,97 
30 Gy+HT 26 23 2,01 
30 Gy+HG +H1' 38 82 2,08 
20 Gy+HG +H1' 20 60 
10 Gy+HG +H1' 39 33 

It is evident that for irradiation combined with 
subsequent HG plus HT the therapeutic gain factor was 
approximately 3 compared to irradiation alone, and over 2 
compared to TRT. What are the mechanisms by which HG 
increases the effectiveness of TRT? We think that the most 
significant factors are selective inhibition of blood flow 
and decrease of pH in tumors. As shown in figure 3, both the 
blood flow and pH for examined Ehrlich tumors were already 
substantially diminished under the influence of HG before 
the beginning of HT. When HT followed HG, the tumor 
microcirculation was retarded synergistically more than 10-
fold and wasn't completely restored for at least 1-2 days. 
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Figure 3. Decrease of blood flow and pH in 
Ehrlich tumors after treatment with HG and/or HT 
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Such changes in tumor blood flow played an important role 
in relative effectiveness of the polyradiomodification 
regimens we performed. The pronounced decrease of 
microcirculation under the influence of HG and HT in all 
cases took part in the enhancement of tumoricidal effect. 
But when irradiation was employed after HG and HT, the 
decrease of oxygenation due to retardation of the blood flow 
also produced a negative radioprotective effect. Therefore, 
the highest efficacy of post-irradiation use of HG plus HT 
becomes'~uite obvious. 

INHIBITION OF 
RECOVERY FROM 

POTENTIALLY 
LETHAL DAMAGE 

INCREASED 

THERMOSENSITIVITY 

Figure 4. Processes occurring in irradiated tumors 
under the influence of HG before and during HT. 

Fig.4 shows for this regimen the general idea of HG
induced physiological processes occurring in irradiated 
tumors before and during HT which enhance the efficacy of 
TRT. First HG inhibits the already inadequate tumor blood 
flow. Consequently, tumor hypoxia increases, and the 
lactate, formed in the process of anaerobic glycolysis, qets 
trapped. As a result,the intratumor pH level decreases. all 
these phenomena not only increse tumor thermosensitivity but 
probably also inhibit reparation of potentially lethal 
radiation lesions. Besides, the therapeutic effect of the 
combined HG and HT after irradiation is highly dependent on 
the prolonged changes in tumor microenvironment after the 
end of treatment. Siqnificant long -term retardation of 
tumor blood flow is a key factor here. 
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This concept suggests that any methods for additional 
increasing of inhibiation of tumor blood flow may enhance 
the efficacy of TRT combined with HG. At present this 
problem is under study. The importance of post-irradiation 
inhibition of tumor blood flow is illustrated in table 2. In 
these experiments a tourniquet was applied for one hour to 
block the blood circulation. When clamping was used 
immediately after irradiation or after irradiation with 
subsequent HG, the tumoricidal effect was enhanced 
significantely. Applying the tourniquet 2 hours after 
irradiation proved to be ineffective. This fact justifies 
the assumption that the post-irradiation suppression of the 
blood circulation inhibits the reparation of potenially 
lethal damage. Similar results were obtained when we used a 
vasoconstrictive agent mexamine (5-methoxytrytamine), 
instead of clamping. At present we have preliminary results 
concerninq the combined use of HG and vasoactive drugs 
(mexamine: hydralazine) in TRT. As shown in Table 3, the 

Table 2. Effect of clamping (C) on the cure rate 
of Ehrlich tumors (20 - 30 mice in each group). 

Exper:i.Irental 
conditions 

25 Gy 
25 Gy+HG 
25 Gy+C (in 5 min) 
25 Gy+C (in 120 min) 
25 Gy+HG+C 

Cured 
% 

3 
18 
31 

9 
81 

administration of mexamine (40mg/kgl i.p. between HG and HT 
leads to a two-fold increase in the cure rate of tumor 
bearing mice. Permanent tumor regression was observed in 67% 
of the animals after only lOGy irradiation combined with 
three modifiers, while with irradiation alone, only 45% of 
mice were cured after receiving 40Gy, a dose which produced 
severe skin reactions (see Table 1). 

We suppose that the evaluation of the degree of tumor 
blood flow decrease may be used for predicting the efficacy 
of HG in TRT for individual patients. 

Fig 5 describes the ralationship between the treatment 
efficacy for individual mice and the degree to which the 
tumor blood flow rate was evaluated by determining the rate 
of clearance of Xe injected intratumorally. The data 
rather varied for individual animals but there was an 
evident trend showing that tumor growth delay increased as 
the blood flow was progressively, inhibited. Substantial 
improvement of the antitumor effect of irradiation was 
observed when the blood circulation was diminished 5-10 
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times or more. It is clear that in addition to the blod flow 
suppression a HG-induced drop in the intratumoral pH level 
is also important for enhancing TRT efficacy. 
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Figure 5. The correlation between tumor growth 
delay and inhibition of blood flow (half-time of 
Xe clearance). 

Table 4. Glycolytic activity of Ehrlich and 
human tumor cells under hypoxic conditions. 

TuIror cells Number G nM lactate 
of tunors '101 cells·sec 

Ehrlich (model) 25 
Human lung 31 
Human esophagus 8 
Human stomach 14 

10.9 ± 1.3 (9.8 ... 14.0) 
9.1 ± 4.9 (5.6-!-23.4) 
9.1 ± 5.1 (3.9';'17.5) 
5.0± 3.2 (1.7+8.8) 

This problem is being investigated now. One of the 
factors which determine the pH decrease, may· be glycolytic 
activity of tumor cells. In order to evaluate the potential 
of HG for clinical use, we have started investigating the 
glycolytic activity of various human tumor cells under 
anoxic conditions (Table 4). Tumor cells suspension were 
prepared from biopsy specimens by enzymatic digestion 
resulting in yields of viable cells, as determined by trypan 
blue dye exclusion, of between 10 and 3.10 cells per gramm 
wet weiaht of tissue. Cells were incubated under anoxic 
conditions at 37 C in a balanced salt solution containing 
0.4% glucose, and glycolytic activity was estimated by a 
decresase in pH and lactate accumulatio normalized to time 
and cell concentration. 
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Table 5. Efficacy of HG in the preoperative radiotherapy 
(R) at lung squamous cell carcinoma (III stage) (MINSK) 

TreatIl'ent Number of Survival, % 
~tients 1 year 2 years 3 years 

R 17 66.7 19.0 19.0 
HG+R 16 71.4 35.7 35.7 
R+HG 18 68.7 60.2 38.3 

Table 6. Response of recurrent rectum cancer 
to radiotherapy (R) with HG and/or HT (MOSCOW). 

TreatIl'ent Number of Response 
~tients CR PR MR NR 

R 12 12 
R+HG 20 10 5 5 
R+HT 40 4 21 12 3 

R+HG+HT 20 3 9 6 2 

Table 7. Efficacy of TRT with HG at esophagus 
cancer ( TASHKENT). 

TreatIl'ent 3-years survival, % 

TRI' 11.0 
HG+TRI' 21.0 

To date, results have been collected for human lung, 
esophageal and stomach tumors. Cells derived from lunq 
squamous cell carcinoma, lung adenocarcinomas and esophageal 
carcinomas exhibited rather high glycotic activity, similar 
to Ehrlich carcinoma used as a model, whereas this activity 
for gastric carcinoma cells was 2 times lower. 

In conclusion we report the first of the HG use in some 
radiooncologycal centers in the USSR, which coinCide, to a 
certain extent, with our experimental findings. Table 5. 
shows that for advanced lung squamous cell carcinoma 
induction of HG, especially after irradiation, improved the 
efficially of preoperative radiotherapy. Table 6. 
demonstrates a similar effect for recurrent rectal cancer. 
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But for these tumors no difference between TRT and TRT 
plus HG was observed. However, as shown in Table 7, HG was 
rather effective at TRT against esophageal carcinoma. 
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INFLUENCE OF HYPERTHERMIA ON EXPERIMENTAL VIRAL INFECTIONS 
IN VITRO 

W.Panasiak, A. Oraczewska M. Luczak 

Department of Virology Institute of Biostructure Medical 
Academy of Warsaw, Chalubinskiego 5, 02-004 Warsaw, Poland 

Summary 

The effects of hyperthermia (39 and 41 C) on virus 
multiplication in vitro (HSV-l, VSV on Vero cells and EMC 
on L929 cells) have been explored. The cells were infected 
with HSV-l, VSV or EMC viruses and heated to 39 or 41 C 
before, during or after the viral infection. The titer of 
the virus show that temperature of 41 C acts as an 
inhibitory agent on HSV-l and VSV virus replication in Vero 
cells. 

Key words: hyperthermia, viral infection, HSV-l, VSV, EMC 
virus 

Introduction 

The use of hyperthermia in treatment has a long tradition 
mentioned in medical reports of ancient greek physicians 
(Streffer,1987). The more recent use of hyperthermia 
started in the late of 60's. Temperature higher than 42 C 
acts as a cytotoxic agent on mammalian cells since cells 
die after heating in a time-temperature and cell cycle 
dep~ndent manner (Kase and Hahn,1976). 

According to present knowledge, this cell killing effect of 
hyperthermia is based"on multiple mechanisms leading to 
heat induced lesions. One of the main cellular targets for 
hyperthermia is the cell membrane (Le~ock, 1982). Changes 
are induced also in the intracellular membrane structures 
and in the cytoskeleton. In addition, hyperthermia affects 
DNA as well as RNA replication and protein synthesis 
(Schlesinger, 1986). Recently, hyperthermia is a matter of 
concern in cancer treatment, though many problems of the 
therapy remain unsolved (Naruse at el, 1986). Influence of 
hyperthermia on viral infections has to be investigated. 
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Therefore, it seemed interestinq to extend our studies to 
the influence of hyperthermia on-viral infections. For the 
present experiments DNA and RNA viruses in experimental 
infections in vitro were chosen. 

Materials and Methods 

Viruses: Herpes simplex virus type 1 (HSV-l) and vesicular 
stomatitis virus (VSV) were maintained in Vero cells. Stock 
virus titer was 10 TCI050 for HSV-l and 10 TCI050 for 
VSV virus. EMC virus was maintained in L929 cells and its 
titer was 10 TCI050. The infectivity of the viruses were 
measured by 10-fold dilution method. 

Cell cultures: The continous cell lines Vero and L929(mice 
fibroblasts) were passaged in Parker or Eagle's medium 
(respectively) with 5% fetal calf serum. 

Experimental design: Cell cultures in tubes, forming 
monolayer were infected. Before or after infections cells 
were heated at 39 or 41 C by immersion of the culture tubs 
into a temperature controlled water bath, then transferred 
to temperature 37 C. For the infections, stock of the 
viruses at the dose of 0.01 TCI050 per tube was used. The 
virus was allowed to adsorb onto the cells for 1 hour at 
37 C, then the cell cultures were washed with PBS and 
exposed to 39 or 41 C in the water baths in various 
experimental schemes as follows: A-cells were heated for 3 
hours before infection, B-cells were heated for 3 hours 
after infection, C-cells were heated for 3h before and 3h 
after infection. O-cells were heated from 4th to 6th hour 
after infection (3 hours), B-cells were heated for 24 hours 
after infection. The titer of the virus was measured every 
24 hours during our 72 hour of observation period. 
Experiments were triplicated and average of the data are 
presented. 

Statistic method: For statistical analysis of the results 
the test described by Lorenz (Lorenz, 1960) was used and p 
values less than 0.05 were considered significant. 

Results and Discussion 

In Table 1, the titer of HSV-l virus during the 72 hour 
post infection period are presented. The results clearly 
show that, there was no inhibition of HSV-l virus 
multiplication in temperature 39 C, eve~ when the infected 
Vero cells were heated for 24 hours after infection. Yet, 
incubation for 24 hours in 41 C (Table 1, scheme E) 
completely inhibited the virus multiplication during 24 
hours post infection. The differences between the virus 
titer in control and tested groups were also significant 48 
and 72 hours post infection (Table 1). It should be noted 
that studies on cell viability based on incorporation of 
trypan blue which had been made directly after 24-h heating 
and after further 24-h cultivation of noninfected cells, 
both Vero and L929 at 37 C, showed no significant increase 
in the number of dead cells as compared to control cells 
which were cultivated at 37 C all the experimental period. 
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Table 1. Multiplication of HSV-l in VERO cell cultures 
exposed iQ. temperature of 39 or 41 f 

Temp. : 

Time : 

Schedule 

A 
B 
C 
D 
E 

CONTROL 
temp.37 C 

24h 

3.39 
3.69 
3.0 
3.87 
2.69 

3.69 

39 C 

48h 

HSV-l 

5.39 
6.0 
6.0 
6.39 
5.0 

6.69 

41 C 

72h 24h 48h 72h 

Titer (log TCID50/ml) 

4.0 3.0 5.69 3.69 
4.69 2.69 5.39 4.0 
4.0 2.69 5.0 3.69 
4.69 3.0 6.0 4.69 
3.0 N.D.* 2.87* 2.0* 

4.0 3.69 6.69 4.0 

Experimental schedule: A-cells were heated for 3h before 
infection; B-3h after infection; C-3h before and 3h after 
infection; D-ce11s were heated from 4th to 6th hour/for 3h/ 
after infection at 39 or 41 C; E-ce11s were heated for 24h 
after infection. 

(N.D.)- Not Detected (titer 1) 
(*)-significant, p 0.01 

Table 2.Multiplication of VSV ~ VERO cell culures exposed 
iQ. temperature Qf 12 ~ 11 f 

Temp. : 39 C 41 C 

Time 24h 48h 72h 24h 48h 72h 

Schedule VSV Titer ( log TCID50/ml) 

-----------------------------------------------------------
A 5.69 6.0 4.69 5.69 5.39 5.0 
B 5.39 5.0 4.87 5.69 5.0 4.69 
C 5.69 5.0 5.0 4.87+ 5.0 5.69 
D 5.39 5.0 4.87 5.69 5.69 5.0 
E 5.0 5.39 5.0 3.0* 3.69* 4.87 

CONTROL 6.39 6.0 5.69 6.39 6.0 5.69 
tem.37 C 

Experimental schedule: A- cells were heated for 3h before 
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infection; B- 3h after infection; C- 3h before and 3h after 
infection; 0- cells were heated from 4th to 6th hour(for 
3h} after infection at 39 or 41 C; E- cells were heated for 
24h after infection. 

-Significant: +/p 0.25, */p 0.01 

Table 3.Multiplication Qf EMC virus ~ L929 cell cultures 
exposed to temperature Qf 12 or 41 C 

Temp. : 39 C 41 C 

Time : 24h 48h 72h 24h 48h 72h 

Schedule EMC virus Titer(log TCI050/ml} 

A 2.69 5.69 4.87 2.87 5.69 4.69 
B 3.0 6.0 4.69 2.69 6.0 4.69 
C 3.69 6.0 4.0 3.0 5.69 4.87 
0 3.39 5.87 4.39 3.0 5.69 4.69 
E NOT TESTED 

CONTROL 3.0 6.39 5.0 3.0 6.39 5.0 
temp.37 C 
---------------------------------------------------------

Experimental schedules: A-cells were heated for 3h before 
infection; B- 3h after infection; C- 3h before and 3h after 
infection; 0- cells were heated from 4th to 6th hour 
(for3h) after at 39 or 41 C, E- not tested 

The inhibitory effect of 41 C on VSV virus multiplication 
in Vero cells was also observed (Table 2). In these 
experiments heating at 41 C, for 3 hours before and 3 hours 
after infection resulted in significant decrease of virus 
titer 24 h after infection(4.87 to 6.39 log TCI050 tested 
to control group, respectively}. But after further 
incubation (48 and 72h) significant differences were not 
detected (Table 2, scheme-C). The similar effects were 
observed when the VSV-virus infected cells were heated for 
24 h at 41 C (Table 2, scheme-E). In this case the long 
(till 48 h after infection) inhibitory effect on viral 
multiplication was observed. 

In EMC virus L929 infected cells there were no significant 
differences between the titer of the virus in the control 
kept at 37 C or tested groups kept at either 39 or 41 C in 
all experimental schedules (Table 3). 

The data from ours experiments indicate that temperature of 
41 C applied 24-hour after infection may inhibit 
multiplication of ONA(HSV-l} and RNA(VSV} viruses in 
infections in vitro. Hyperthermia applied for shorter 
period (3 hours) before or after infection showed little, 
if any, effect. Our results seem to indicate that 
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hyperthermia directly interferes with the virus replication 
cycle in vitro and that it is a virus, temperature and 
time-temperature dependent process. 
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INTRODUCTION 

Individuals bearing tumors belong to the category of immuno
compromised subjects. In fact, these patients exhibit multi-
ple deficits of their immune responsiveness either in terms of 
acquired immune response or in terms of phagocytic functions 1 • 
The above immune dysfunctions may depend on several factors 2 
such as: 
i. Suppressive factors released by the same neoplasia; 
ii. A primary condition of immune alteration ina givenailiject 
which may be responsible for the development of the neoplasia. 
In this respect, individuals affected by congential immunode
ficiencies or secondary immune deficits (e.g. transplanted pat
ients or uremic subjects) undergo cancer with higher frequency 
than patients who had no clear evidence of immune alterations 
before the discovery of cancer; 
iii. Chemotherapy and radiotherapy represent an additional 
cause of immune suppression in neoplastic patients. 

The cancer-related impairment of immune responsiveness 
could account for the increased susceptibility to infections 
especially in leukemic individuals3 • In this regard, subjects 
with neoplasia succumb because of fulminat sepsis rather than 
for the disease progression3 • In the light of these concepts, 
immunomodulating agents represent appropriate drugs to be asso
ciated to conventional treatments in cancer patients in order 
to potentiate the depressed immune system. 

IMMUNOMODULATORS 

Immunomodulating agents are substances able to !ncrease 
immunodepressed functions either in vitro or in vivo . On the 
other hand, these compounds are not effective in the presence 
of a normal immune responsiveness or of other conditions such 
as bone-marrow aplasia in which there is a lack of immunocom
petent cell progenitors 4 . 

In general terms, immunomodulators can be divided into 
three main groups, as shown in Table 1. 
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TABLE 1. Immunomodulating Agent Classification 

a) BACTERIAL PRODUCTS: 
- Bacillus Calmette Guerin (BCG) 
- Corynebacterium parvum 
- Gram-positive Bacteria 
- Gram-negative Bacteria 

b) IMMUNE-DERIVED SUBSTANCES: 
- Cytokines (Tumor Necrosis Factor, 

Interferons, Interleukins) 
- Thymic Hormones 

c) NEUROPEPTIDES: 
- r.mT-ENKEPHALIN 
- SUBSTANCE P 

Immunomodulatorsof bacterial origin have been used since 
long ago and, in particular, BCG has represented one of the 
first immunomodulating attempt in cancer patients5 • However, 
because of its side effects and the introduction of less toxic 
drugs, BCG is no longer administered in neoplastic subjects. 
Gram-positive and Gram-negative bacteria as immunoadjuvants 
will be dlscussed in the following sections. 

Immune-derived drugs represent the most widely used agen
ts in the management of immunocompromised patients. Just re
cently, administration of interleukin-2 in combination with 
Lymphokine-Activated-Killer(LAK) cells has given good resul
ts in some cases of melanoma 6 . At the same time, other clini
cal trials have been undertaken with tumor necrosis factor 
(TNF), a monokine which causes tumor lysis7 • However, further 
studies are required to establish the optimal dosage and elimi
nate side effects due to these cytokines. 

Thymic hormones will be illustrated in the next sections 
and emphasis will be given to a synthetic compound, the thymo
pentin (TP-5). 

Finally, neuropeptides are substances released by the 
central and peripheral nervous system, which possess several 
biglogical effects, even including immunomodulating properti
es • For instance, met-enkephalin has been used in the treat
ment of patients with Acquired Immunodeficiency Syndrome 
(AIDS)9. In addition, substance P, which is an enhancer of 
immune functions (e.g. stimulation of the gut-associated-Iym
phoreticular tissue) should be taken into consideration as 
an immunomodulator,even in the case of localized bowel tumors. 

GRAM-POSITIVE BACTERIA 

These microorganisms possess a cell wall with several im
munogenic and immunomodulating constituents 10 • Therefore, 
gram-positive organisms when inoculated in a susceptible host 
are able to positively modulate the immune response. In this 
respect, recent studies have pointed out the immunomodulating 
activities of dietary lactic acid bacteria (LAB) (e.g. L. 
bulgaricus and S. thermophilus). The influence of LAB on the 
host immune system are illustrated in Table 2. 
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TABLE 2. Immunobiological Effects of LAB 

- Increase of IgG2a serum levels 
in mice 

- Stimulation of murine lymphoid 
follicles 

- Augmentation of resistance to 
infections in mice through: 
a) Enhancement of Peyer patches' 
antibacterial activity; 
b) Accumulation of macrophages 
in the sites of infection; 
c) Proliferative responses of 
splenocytes 

- Adherence to human peripheral 
blood Tlymphocytes 

- Induction of interferon-gamma 
release from human lymphocytes 

The interaction of LABwithhuman peripheral blood T 
lymphocytes may lead to the release of cytokines such as in
terferon-gamma11 . In fact, in vitro stimulation of lymphocy
tes with LAB in the presence of concanavalin A induces relea
se of IFN-gamma and augments the activity of natural killer 
cells 11. Similar results have been obtained by administering 
LAB in normal human volunteers (unpublished results). There
fore, such an enhancement of the interferon-natural killer 
cell system support the immunomodulating role of these bacte
ria and their potential use in cancer patients. 

GRAM-NEGATIVE BACTERIA 

These organisms possess in the outer membrane of their 
cell wall a major component, the so-called lipopolysaccharide 
or endotoxin12 • Lipid A represents the biologically active 
entity·of the entire molecule and its immunological activity 
is expressed in Table 3. 

TABLE 3. Main Effects of Lipopolysaccharide on the Immune 
System 

- Induction of B lymphocyte mitogenis responses 
- Adjuvanticity 
- Cytokine release: Interleukin-1, Tumor Necrosis 

Factor, Colony Stimulating Factor, Interferons 
- Natural Killer cell stimulation 
- Enhancement of polymorphonuclear cell and mono-

cyte phagocytosis and killing 
- Augmentation of leukocyte migration inhibitory 

activity 
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Recently, in advanced cancer patients, we have carried 
out a clinical trial based on the i.v. administration of a 
rough mutant of Salmonella minnesota, the strain R 595 (Re). 
This gram-negative bacterium has the lipopolysaccharide re
presented by three molecules of chetodeoxyoctonate (KDO) co
valentely linked to the lipid A12. Acetic acid treatment of 
Re bacteria leads to the KDO removal and exposure of lipid A 
to the bacterium surface 13 • In 20 patients with cancer at the 
final stage, four courses of acetic acid bacteria have been ad
ministered at the dose of 0.5, 1, 2 ~nd44 ugs with an inter
val of two weeks between each cycle1J ,1 . This immune regi
men was free of side effects, but led to a recovery of de
pressed immune functions such as phagocytosis and killing by
polymorphs and monocytes, leukocyte inhibiting factor release 
and natural killer cell cytotoxicity I3,14. 

At the moment, Re bacteria seem to be very effective im
munomodulating drugs and in progress studies will evaluate 
their clinical efficacy in cancer patients. 

TP-5 MODULATION OF THE IMMUNE SYSTEM 

TP-5 (Italfarmaco, Milan, Italy) is a synthetic compound 
composed by five aminoacids which represent the biologically 
active part of the thymopoietin 15 • Some of the major effects 
of TP-5 on the host immune response are listed in Table 4. 

TABLE 4. Modulation of the Immune Response by TP-5 

- Enhancement of cytotoxic lymphocyte precursor 
units 

- Early T cell differentiation 
- Influence on proliferative responses and PHA-

induced interleukin-2 production 
- Release of interferon-gamma 
- Improvement of natural killer cell activity 

According to our experience, thymopentin is a strong im
munomodulator in patients with lepromatous leprosy, since . 
s.c. administration of this drug (50 mg every second day for 
5 wks) normalized the inverted CD4+/CD8+ ratio and augmented 
the interferon-gamma release by peripheral blood lymphocy
tes 16 . A similar therapeutical protocol has been applied to 
a group of cancer patients with ovary and cervix maligna~
cies in advanced stage and out of convetional therapy17. In 
this case, TP-5 was very effective in the conversion of the 
altered CD4+/CD8+ ratio, less efficacious in the recovery of 
phagocytosis and killing and unable to increase the produc
tion of int.erferon-gamma. At the same time, no side effects 
were noted and in some patients who received further cycles 
of the hormone a clear-cut improvement of the above immune 
parameters was noted (unpublished results) . 

CONCLUDING REMARKS 

Modern biotechnology has led to the development of new 
immunomodulating drugs such as recombinant cytokines. Some 
of these mediators are now under clinical trial and, it is 

480 



likely that the interleukin cascade will represent in a near 
future the most appropriate approach for combined treatment 
in cancer patients. On the other hand, bacterial products are 
still valid immunomodulators for their capacity to elicit gocrl 
immune responses via cytokine release. At the present, thera
py with interleukins (e.g. interleukin-2 and LAK cells) is 
very expensive for the Institutions and therefore these immu
nomodulators cannot be routinely administered. Therefore, 
gram-positive and gram-negative organisms,as inducers of cy
tokines,are efficacious products for the enhancement of the 
immune responsemcancer patients. As far as thymic hormones 
are concerned, they are potent immunomodulators but the li
mitation for their use is the availability as commercial 
drugs which is restricted to a few countries. 

In conclusion, despite many studies on immunomodulators, 
further investigations are required to establish appropriate 
therapeutical strategies , even including the association 
of more immunomodulators in order to enhance the antitumor 
effects. 
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COLEY TOXINS - THE FIRST CENTURY 
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Atlanta, Georgia 

EDITORIAL COlIlMENT 

We are pleased to be able to present this summary of the 
first century of Dr. Coley's toxins prepared by Helen Coley 
Nauts. We believe you will agree that this is an objective 
scientific presentation particularly when one considers the 
criticism, frequently unfounded, which has been given Coley's 
work in the past. Those reading this chapter and working in 
hyperthermia will find many parallels and similarities with 
their frustrations and peer criticisms as noted herein. 
Comparable modes of action will be found for those proposed to 
explain the benefits of hyperthermia. Possibly with today's 
more aetailed understanding of the intricate complex immune 
system, a logical basis can be offered for the "dramatic 
cures" which in themselves caused skepticism, and Coley's 
results can be better understood. A study of Coley's life's 
work will lead to a better understanding of the problems, 
obstacles and potential solutions we have in hyperthermia and 
also I suspect that it will help our morale to realize that we 
are not the first or only ones to have criticisms heaped upon 
sound and meticulous work. It is gratifying that in recent 
years Coley is being recognized as the pioneer of cancer 
immunology. 

In January, 1893, W.B. Coley, a young New York surgeon 
treated his first case of cancer with the mixed bacterial 
toxins of Streptococcus pyogenes and Bacillus prodigiosus (now 
known as Serratia marcescens). This bedridden male, aged 19, 
had an inoperable sarcoma of the abdominal wall and pelvis 
(16x13 em.) involving the bladder with incontinence. Only 
biopsy had been performed. Injections in or near the tumor 
caused reactions up to 40oC. or more and complete regression 
occurred in four months. He remained well until death from a 
heart attack 26 years later (1, case 1). 

In 1939, we began our analysis of Coley's method to 

Consensus on HYperthermia for the 1990s 
Edited by H. I. Bicher et 0/. 
Plenum Press, New York, 1990 
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answer the following questions: 1) Was there sufficient 
clinical and experimental evidence to justify the conclusion 
that the method had therapeutic value? 2) If so, what factors 
governed success or failure? 3) Why C;d the method not 
achieve wider recognition? 4) If the cunclusions to these 
questions warranted further study we asked ourselves what can 
be done to make the Coley toxins consistently effective in 
most types of neoplastic disease (2). Some factors or data 
that seemed vital to success or failure were identified: 

1. Variabili!¥_9~EreE~~!i9E2-USe§ 

No comprehensive text book on the method had been 
published by Coley, although he was working on one at the time 
of his death in 1936. He made every effort to obtain 
unequivocal diagnosis by eminent pathologists from the 
beginning. However he did not recognize the great importance 
of obtaining potent, stable preparations of the mixed toxins 
to avoid variability from different formulae or from batch to 
batch (1,2). Coley had no bacteriological training and relied 
on others to made the preparations. 

The first observation brought out by our long term study 
was that at least 13 different preparations had been used 
during Coley's active years, (1892-1936) of which three were 
considerably more potent than the rest, Buxton VI, Tracy X and 
Tracy XI. Unfortunately the first two commercial preparations 
Parke, Davis & Co., IX and XII were very weak and the English 
preparation (Lister Institute VIII) was even weaker, so very 
few English surgeons achieved success (1,2). These weaker 
preparations did not produce adequate febrile reactions (3, 
Fig.1) • 

In 1902 a patient with recurrent inoperable lymphoma of 
the axilla reported to Coley that it took eight minims of the 
Parke Davis IX to give the same febrile reaction as 1/4 minim 
of the Buxton VI (6, page 79). Despite such a clearc~t case, 
Coley does not seem to have attempted to remedy the situation, 
and may have been unaware of this problem until 1911 when he 
gave a lecture at Guy's Hospital in London and he discussed 
it briefly in his response to the vote of thanks, ending with 
the remark "success depends on the preparation ••• " Dr. 
Coley, in London in 1911, following recognition at Guy's 
Hospital for his work stated, "I am greatly obliged to you, 
gentlemen. What I have heard led me to believe that British 
audiences were cold, but I have never in my own country 
received such a hearty reception as you have given me today. 
Sir Alfred Fripp tells me that you have tried the fluid in the 
hospital. The trouble has been that a different preparation 
is sometimes used. Mr. Mansell Moullin of the London Hospital 
had five successful cases, and he said he got his successes 
with the fluid obtained from the Cornell Laboratory (Buxton 
VI) • Middlesex Hospital had had three failures but in the 
fourth, they used the Buxton VI and the growth regressed to 
1/14 in a few weeks • ••• " 

Finally in May 1915, Tuholske of St. Louis wrote him 
about a case of extensive sarcoma of the pharynx and 
nasopharynx with almost complete obstruction -- a tracheotomy 
was imminent (1, case 23, p. 68-72; 3, case 56, p. 131-135). 
Even massive doses of Parke Davis XII had had no effect at 
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all. Coley then sent him the Tracy XI (see below for details 
relating to technique). This case made him contact Parke 
Davis and get them to work more closely with Tracy and so Type 
XIII was made considerably more potent than XII (1,2). 

2. Techni~E-2.L~dministE~tion 

The Tuholske case illustrates the importance of a number 
of factors. First, the danger of stopping the injections too 
soon, even if complete regression has occurred. Although 
complete regression occurred in six weeks, the disease 
recurred on the opposite side in about three months with 
evidence of brain metastases. Second, the injections for the 
recurrence were given subcutaneously or intramuscularly in the 
deltoid or scapular regions with very poor absorption. Not 
until given in the abdominal wall did good febrile reactions 
occur, and the recurrence disappeared, but the symptoms of 
brain metastases persisted. The patient went into coma for 3-
1/2 weeks. No further injections were given. with supportive 
treatment he regained consciousness and made a complete 
recovery. He remained well until death of a coronary 
occlusion 33 years later (3, case 56, p. 131-135). Although 
Coley published 143 papers or monographs on his method between 
1893 and 1936, (8) he seldom gave sufficient detail on methods 
of administration, i.e., site, dosage, frequency, duration, 
and the desired optimum febrile reaction. 

a. Site_9E§_p.9E.2.9~-2.L1Ej~EtioE 

The type of reaction elicited depended on two things. 
The site of injection and the dosage. Injections given 
intramuscularly or subcutaneously remote from the tumor, 
required much larger doses to elicit a reaction of 1010F. or 
more than did an injection into the tumor or in a vascular 
tissue or intravenously. In the early years Coley used 
intratumoral injections into different parts of the tumors. 
These elicited not only fever but tumor necrosis factor and an 
inflammatory reaction all of which were more effective in 
causing destruction of the tumor thus imitating an erysipelas 
infection. (The most dramatic "spontaneous" regressions of 
cancer occurred during and following acute erysipelas 
injections which produce a more intensive inflammatory 
reaction than any other infection). 

We found only one case treated by Senecal 
intraperitoneal injections a huge ovarian carcinoma 

with 
with 
Very widespread metastases in the peritoneum and ascites. 

dramatic regression occurred in four weeks. The case 
operable and recovered. She remained well 27 years (1, 
42, 8, pp 85-41). 

became 
pp 89-

Intravenous injections were not used by Coley until about 
1925 and usually some intramuscular injections were given 
first. Very much smaller doses were needed, and these caused 
no inflammatory reactions. They were well tolerated. 

Fowler in 1898 recognized the importance of site of 
injection. When given subcutaneously, the intensity of the 
general reaction varied with the dosage and site used. With 
subcutaneous injections a larger dose was required to produce 
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the desired reaction, whereas a few drops were sufficient for 
the intravenous route. "The vascularity of the tumors 
explains the ease with which a reaction can be produced by 
Coley's method of interstitial injections, the latter being 
quite analogous, if not identical with the intravenous method" 
(cited by Moullin, 9). 

X-rays and radium were discovered in 1895, only a year 
after Coley read his first important paper before the American 
Surgical Association (8). He was one of the first surgeons in 
New York to use x-rays in his practice having persuaded 
Memorial Hospital in 1901 to procure an x-ray machine, paid 
for by one of his wealthy patients. He read his first report 
on the work before the American Surgical Association in June 
1902 (11). The growing enthusiasm for both x-ray and radium 
quickly overshadowed Coley's method before it had been 
properly standardized or its mode of action understood. 
Coley, anxious to prove that his toxins had a systemic rather 
than a local reaction such as x-ray, radium and surgery, 
stopped using intra tumora 1 injections about 1906, and not 
until a year or two before he died did he come to realize the 
mistake he had made. 

In the early years Coley and other surgeons gave 
injections daily or every other day at first, which appeared 
to be more effective than less frequent injections, especially 
when treating inoperable cases. One surgeon who routinely 
used the Coley toxins in both his operable and inoperable 
cases, Calkins of Watertown, New York, gave the injections 
daily or every 48 hours for about six months, then twice 
weekly with occasional intervals of rest for another six 
months (12 pp. 42-43 & 53). Injections were given as an 
outpatient after the first two weeks. Calkins achieved 80% 
five year survival in using this technique over a 32 year 
period. Matagne also often gave· injections daily. (See 
below). 

Many surgeons, such as the Mayo brothers, did not wish to 
get involved in such long term therapy, so they advised the 
family physician who had referred the case to the Mayo Clinic 
to administer the injections after the patient returned home. 
As a result a considerable number of Mayo Clinic cases were 

successfully treated. 

Coley did not recognize the importance of duration of 
treatment, especially in the inoperable cases until 1926 when 
Christian and Palmer succeeded in curing a reticulum cell 
sarcoma of the tibia recurrent in the stump after amputation 
with extensive metastases near the umbilicus and in the left 
inguinal region. In discussing this case in 1927 Coley stated 
"I am quite willing to admit that, had the patient been under 
my care, he would probably not have been alive today. • •• 1 am 
almost certain that I should not have continued the treatment 
after three months when not only had no improvement been 
noticed, but marked increase had taken place in the metastatic 
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tumors and especially in the recurrent tumor of the stump 
(from 17-31 inches). In the second place I am quite sure that 
I should not have dared to increase the dose to such a large 
amount (2 cc). However, it was not until these large daily 
doses were given that the improvement continued until all the 
tumors had disappeared. • ••• 1 feel that many of the past 
failures might have resulted otherwise had larger doses and 
more frequent injections been given" (1, case 19, p. 84-89). 

Our end result studies beginning in 1946 have shown that, 
if the injections were given for six months, 80% of inoperable 
sarcoma of soft tissues survived 5-88 years. (3) 

In osteogenic sarcoma when the Coley toxins were given as 
an adjuvant to surgery for at least three months 85% survived 
and were traced up to 53 years later. Three other cases so 
treated died 4-13 years later of late recurrence or 
metastases, i.e., prolonged survival. If given for less than 
three months 36-43 percent survived. This was considerably 
better than the 10-15 percent survival from amputation alone 
in that period (4, Figure 2, p. 10). 

d. Type of Febril~--Bea~ .. t:ion 

Coley did not sufficiently appreciate the benefit of 
producing febrile reactions averaging 390-400F.) from the 
beginning of treatment. This did not occur if they used small 
doses intramuscularly or subcutaneously remote from the tumor, 
or when the very weak products were used. This factor was 
more important in treating inoperable cases. For example, in 
the soft tissue sarcoma 60 percent of the inoperable cases, 
whose reactions averaged 102o-1040F. with chills, were traced 
well 5 to 88 years, as compared to only 28 percent of those 
having reactions below 1020F. and no chills (3, Figure 2). 

In treating operable cases as an adjuvant to surgery very 
few surgeons began the treatment prior to surgery. This is 
unfortunate because preliminary toxin therapy, even for only a 
brief course, can counteract the immunosuppressive effects of 
anesthesia and surgery, due to stimulation of cytokines such 
as interferon, interleukins, tumor necrosis factor and others. 
In cases of amputation, it counteracts the psychic stress of 
losing a limb, which is also immunosuppressive. 

The first physician to recognize that operable cases 
might benefit was Matagne of Brussels, Belgium. He first 
began using the Coley toxins in inoperable cancers, having 
observed a dramatic case cured following an erysipelas 
infection reported by Bidlot in 1891 (7, Ref. #39). In 1896 
he gave a rather brief incomplete description of his 
inoperable cases and was soon criticized by a commission 
charged with examining it (14). This did not deter him from 
continuing his clinical studies and over the next 57 years he 
published 12 more papers interrupted by two world wars (8, 
Ref. #265-277). 

In 1902 he reported on the use of Coley toxins in 
operable cases as a means of preventing recurrence, the first 
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physician to do so (14,15,16). In 1905 he presented a series 
of these operable cancers in which he had administered the 
toxins before operation, usually for four or five weeks, in 
some cases for three months. (17). 

One extensive recurrent inoperable malignant melanoma of 
the upper arm in the region of the humeral artery with 
metastases in the axilla, received injections in the recurrent 
tumor for seven months in 1902 with rapid but incomplete 
regression of the recurrent mass, but the axillary metastases 
did not regress. Shoulder joint disarticulation was then 
performed. There was no further recurrence and the patient 
remained well over 41 years after onset (15,16,17). 

Matagne prepared his own Coley toxins using the effective 
Buxton VI formula (17, p. 1389). He gave injections daily 
into the tumor beginning with a dose of 5 cg., gradually 
increasing by 2.5 cg. each day or every other day until a 
febrile reaction of 390-39.50C. or 400C. was elicited. The 
reaction usually consisted of a violent chill which began 30 
minutes after injection and lasted 30 minutes. Dosage was 
increased to 10 mg. in some cases, in others to 30, 40 or even 
50 cg. 

The first surgeon to save a limb by using Coley toxins 
following surgery was Owens in 1894 in a highly vascular giant 
cell tumor of the proximal tibia following curettage. This 
was the first case of giant cell tumor in which the limb was 
saved (19). In two-thirds of the giant cell tumor cases 
involving long bones, the limb was saved by the use of 
curettage and toxin therapy combined, in some cases, with 
radiation. The remarkable regeneration of bone destroyed by 
the tumor following toxin therapy was especially evident in 
Series A, Cases 8,11,13,26 and 40 (22). 

Coley began using his toxins in operable cases as early 
as 1895 (20). The first published case was an osteogenic 
sarcoma of the femur. The patient remained free from 
recurrence or metastases for 53 years. (4, Case 1, Table 1). 
Other American surgeons soon followed, including Ochsner in 
1915 and Calkins in 1917, for breast carcinoma and sarcoma (6) 
and Meyerding of the Mayo Clinic for osteogenic sarcoma and 
Ewing's sarcoma of bone. 

Between 1891 and 1896 Coley published 16 papers 
describing his method (8, references 42-64). Editorials began 
to appear in 1894 with the first negative report entitled 
"Failure of the Erysipelas Toxins" (21). In 1895 Abbe, the 
President of the New York Surgical Society, suggested that the 
method be tried in different hospitals: a fair proposal, but 
no enthusiasm was shown. It is a great pity that such a plan 
was not carried out, but it is not surprising that a group of 
surgeons were reluctant to pursue a medical approach to the 
treatment of cancer. In October 16, 1895 Coley read a paper 
before the New York State Medical Association entitled: "The 
indications for the non-operative treatment of tumors. The 
value of Toxins". This was published in reprint form in 1896 
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(19) and caused more concern among surgeons and a few more 
negative reports (5). 

To editorials, mostly unfavorable, Coley responded 
objectively on December 29, 1894, "That a few physicians in a 
very limited number of cases with indifferent preparations of 
the toxins have failed to obtain good results will not ••• 
have great weight in the minds of the scientific portion of 
the profession in determining failure or success of this 
method of treatment of sarcoma" (20). 

In 1915 Harmer of Boston published a critical report on 
134 microscopically proven cases treated by Coley's toxins 
(21). He concluded that they are of value in certain cases of 
inoperable sarcoma. Although his conclusions were somewhat 
negative he noted that in a small number of cases they 
produced striking relief of pain. Coley's many surgical 
friends in England and in the united States urged him to limit 
his use of the toxins to 
sarcomas since the early experiences with his weaker 
preparations in advanced carcinomas or melanomas had not 
proved successful. 

Other surgeons had successfully treated metastatic 
cervical carcinoma (1, Case 5), extensive metastatic breast 
carcinoma, (1, Case 14, 15; 23, p. 232) giant cell tumor of 
vertebrae (1, Cases 6, 20), recurrent malignant melanoma (1, 
Case 17), ovary, metastatic (1, Cases 25, 30; 12, Cases 20, 
21). These reports encouraged Coley to use his method on many 
other neoplasms; testicular cancer (24), breast cancer (23), 
lymphoma and Hodgkin's disease (25,26), malignant melanoma 
(27), multiple myeloma (28), Ewing's sarcoma (29), 
neuroblastoma (30), colon cancer (31) and renal cancer (32) 
with a great many remarkable results (1,33). 

In 1907 Beebe and Tracy published the results of their 
studies (34) in which they stated: "The striking results 
attained (by Coley) in an increasing number of cases have 
diverted the attention to the possible significance of the 
Bacillus prodigiosus in the preparation. • •• It seemed 
important to study with some care the effect of inoculation, 
not only with the Bacillus prodigiosus (now known as Serratia 
marcescens) but with other bacterial toxins as well •••••• with 
the hope of determining the rationale of this method of 
treatment, and if possible of placing it on a more scientific 
basis". They used B. prodigiosus, Streptococcus pyogenes, 
Staphylococcus aureus and Bacillus coli communis (now known as 
Escherichia coli; also the mixture known as Coley toxins. 
They treated with these preparations lymphosarcoma grown in 
dogs transplanted from a spontaneous tumor. 

They reported that B. prodigiosus alone and Streptococcus 
pyogenes alone as well as the mixture of these two (the Coley 
toxins) caused regression of this tumor in the dogs. 
Staphylococcus aureus given into the tumors caused fever to 
105.90C., but no real regression. E. coli in one dog caused 
steady regression; all tumors disappeared in five weeks. They 
used different sites of injection. The intratumoral 
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injections caused much more rapid regression (34). In 
conclusion they stated that, "though the action is chiefly 
local, it is at the same time something more than this for it 
was repeatedly observed that tumors at a distance from the 
site of injection undergo regression simultaneously while in 
one dog all the injections were given remote from the tumor" 
(34) • 

Ewing became medical director of Hemorial Hospital about 
1915 and he was an ardent advocate of radium, a large supply 
of which had been given to the hospital by Dr. Douglas. At 
that time Coley had been appointed Chief of the Bone Tumor 
Service. Ewing insisted that every single ward case should 
receive radium or x-ray prior to amputation and, despite the 
fact that Coley believed this to be a dangerous protocol, he 
had to comply. In 1927 Coley published the end results (35). 
Not a single patient so treated had survived, while in his 
private patients to whom he gave the toxins following 
surgery 50 percent had survived. If injections were given for 
three or more months, 85 percent survived four - 40 years 
later (4). The Hayo Clinic also achieved 50 percent five year 
survival in their toxin-treated cases, while other surgeons 
here and abroad were curing only 10-15 percent with amputation 
alone. 

Hatagne, as well as Coley, became interested in utilizing 
radiation in his practice and he acquired some radium at 
considerable expense which he used especially in epitheliomas. 
Like many other surgeons he felt constrained to use it to 
justify the expense incurred, as a result fewer patients were 
treated with the toxins thereafter. 
Coley treated one of his first cases with x-ray therapy in 
1901. He irradiated an inoperable lymphosarcoma of the 
cervical, axillary and mediastinal nodes which was producing 
dyspnea and edema of the lower extremities. Harked regression 
and increased mobility had occurred following toxin therapy 
alone, but then control was lost and the patient became 
bedridden, with severe dyspnea. X-ray was then given 4 to 6 
times weekly causing remarkable regression in three weeks and 
complete disappearance in six months. No further toxins were 
given after radiation was begun. The disease then reactivated 
with hundreds of pea to egg-sized nodules over the entire 
body. Death occurred in June 1904, 5-1/2 years after onset. 
Coley believed the radiation had lowered the resistance of 
this patient to her tumor (6). 

In contrast, an eight year old boy had had amputation for 
a fungating Ewing's sarcoma (later regarded as a reticulum 
cell sarcoma) of the fibula with metastases to the inguinal 
and iliac lymph nodes. Toxins (Tracy XI) were begun 
immediately after amputation and given two months with marked 
reactions. Soon after the injections were stopped a 15 cm. 
mass in the iliac fossa and lung metastases developed. All 
disappeared after one radium pack to the groin (10,109 mch). 
The child remained well and free from disease until death from 
an emergency appendectomy 15 years later (36, 37). 
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7. Radiation Protection 

About 1958 a number of investigators began reporting on 
the protective effect of bacterial endotoxins against 
radiation injury (39-41). This occurred if injections were 
given prior to the radiation, optimally 24 hours before. 

Thomson (1962) reported "bacterial endotoxins prepared 
from Salmonella typhosa, Escherichia coli, Serratia marcescens 
and Proteus morganii all promoted hematopoietic recovery when 
given before or after whole body radiation. Post radiation 
infection is appreciably reduced, hematopoietic tissues 
regenerate and survival is enhanced" (39). 

Ainsworth, of the Cellular Biology Branch of the U.S. 
Naval Radiobiological Defense Laboratory, San Francisco, 
published several reports in one of which he noted that low 
pyrogen doses are known to produce a more rapid rise in 
resistance than larger doses, i.e., 50 mcg. was not as 
effective as 2 mcg. of pseudomonas in increasing survival time 
to lethal radiation (40). At our request in 1962 Ainsworth 
screened the Coley toxins as a potential radioprotectant on x
irradiated mice. In this experiment the smaller dose was more 
protective. Data from this unpublished work follows: 

Effect of Coley Toxins on Survival of Irradiated Mice 

Method: Typhoid-paratyphoid vaccine was used to compare 
Coley's Toxins since previous data had shown that TAB is 
highly effective in reducing the radiation mortality in mice. 
The mice used were CFl females, 100 days old, weighing 19-24 
grams. Total body x-irradiation was delivered from a 250 kv 
Westinghouse x-ray machine operated at 15 ma and a distance of 
40 inches. Added filtration consisted of 0.5 mm Cu and 1 mm 
AI. 

8. Modes of Action 

In addition to radiation protection and potentiation of 
tumor response, the Coley toxins produce fever which we know 
is beneficial, they also stimulate the reticuloendothelial 
system, activate macrophages, increase hematopoiesis, increase 
production of prostacyclin, endogenous interferon, endorphins, 
tumor necrosis factor, interleukins and growth factors (44, 
45). Interleukin-l for example, induces a profound 
hypoferrentia which assists the patient in withholding iron 
from the cancer cells. Weinberg has summarized some of the 
numerous papers in regard to this subject including Torrance 
et al. (45a, 45b) • 

Certain infections such as erysipelas (13) and the Coley 
toxins also stimulate wound healing (1) and regeneration of 
bone destroyed by tumor (23). For example, a case of an 
extensive giant cell tumor of the proximal femur with complete 
destruction of 17 cm. including the neck and trochanter with 
pathologic fracture, recovered under Coley toxins in or near 
the tumor given for 7-1/2 months combined with two radium 
treatments. The first was given after one week of toxins, 
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the second seven weeks later. Complete regression of the tumor 
and regeneration of the hip joint occurred, with 14 cm. 
shortening; the patient remained well until death 45 years 
later of coronary occlusion. A second case involved the neck, 
both trochanters, with complete destruction of the acetabulum 
and ischium and pathologic fracture. He received one radium 
treatment (9000 mch) three days before toxins were begun. 
Complete regression occurred. The limb was kept in traction 
and the hip joint and femur regenerated without shortening 
(22, Case 20, pp. 46-50). In another giant cell tumor of the 
distal radius involving the ulna, the extensive tumor 
regressed completely under toxins alone and the bone 
regenerated with perfect function (22, Case 36, pp. 53-57). 

9. Dramatic Cures Promote Skepticism 

One form of criticism occurred as a response to dramatic 
cures. Richardson of Boston in reporting a remarkable case he 
had referred to Coley in 1893 stated: "Skepticism may be so 
extreme that carefully observed cases are thrown out for one 
reason or another, though I cannot but think chiefly for the 
reason that they were successful. In this case Dr. Garland 
and myself at the time of operation made the diagnosis as 
hopeless malignant disease of the abdominal wall. Dr. Whitney 
made a careful microscopic examination of the tumor and 
reported it as fibrosarcoma". In October 1893 she received 
local injections daily into the tumor for six weeks with 
marked reactions. Within two weeks improvement was very 
evident. The patient's general condition suffered but 
little and she was up and about most of the time. She 
returned horne for Christmas, a second four week course was 
given in January. Richardson concluded: "The tumor, though 
as large as a child's head, disappeared. • ••• If a cure by 
means other than surgical is from the very fact of cure, 
declared sufficient proof of a mistaken diagnosis. There 
seems little use in presenting evidence. • ••• The curative 
influence of micro-organisms upon malignant growth, whether 
during the course of an accidental wound infection, or under 
the influence of deliberate toxin injection is a hopeful 
indication of far-reaching possibilities for good". (1, Case 
2, pp. 22-25; 3, Case 3, pp. 3, pp. 51-53). 

In July 1920 Codman, who had organized the Bone Sarcoma 
Registry in 1920 with Ewing and Bloodgood of Johns Hopkins, 
wrote Coley, "You have probably more living cases than any man 
in the world. That your treatment has a profound systemic 
effect I have no question but I am inclined to attribute the 
successful cases to errors in diagnosis. Yet I must admit you 
have more to your credit than anyone else". 

In May 1934 Codman was Chairman of a Bone Sarcoma 
Symposium held at Memorial Hospital, and summarized Coley's 
paper on Ewing's sarcoma of bone stating. "This paper will 
give great satisfaction to Dr. Coley's many friends who have 
admired his courageous, tireless fight to overcome the 
skepticism of his colleagues. • •• His six registered cases of 
five year cures are alone enough to sustain his argument • 
••• . Just as it seemed quite justifiable for the Memorial 
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Hospital during the last decade to test out the value of 
radiation alone in inoperable cases or in patients opposed to 
operation, so it seems even more indicated that some great 
clinic should tryout Coley's toxins during the next decade. 
Unquestionably they produce a profound constitutional effect • 
••• It is time for some great hospital to apply its laboratory 
resources to the wholly justifiable and distinctly hopeful 
purpose of giving this treatment a fair trial under favorable 
conditions. Certainly, in cases of Ewing's tumor one would 
hardly feel justified in not recommending the use of the 
toxins. The question of whether also to give radiation is the 
difficult one. Dr. Coley quite logically suggests that the 
combination of the two may be a bad one, for the rapid 
destruction caused by irradiation may open up channels for 
further invasion. Radiation in small amounts stimulates 
lymphocytosis, and its use in this way was advocated in 1918 
for the treatment of malignant tumors by Dr. James B. Murphy, 
of the Rockefeller Institute, after some very convincing 
experimental work on animals. Large amounts of radiation, on 
the contrary, destroy the lymphocytes whose formation it at 
first stimulates. A series of cases treated by the toxins 
without the concomitant use of radiation, in which the blood 
reactions are carefully followed, might prove of great value. 
There must have been many, many cases in the past treated by 
these toxins on the hit or miss principle by the family 
doctor, without careful study, such as is possible in the 
modern clinic. Yet under these disadvantageous 
circumstances, occasional miracles have occurred and in 
Coley's own undiscouraged hand these miracles have not been 
infrequent". (46) 

After Coley's death in 1936, his son Bradley L. Coley, 
M.D., became Chief of the Bone Tumor Service and he and his 
associate Higinbotham continued to produce excellent results 
with the toxins in Ewing's sarcoma, reticulum cell sarcoma and 
some osteogenic sarcomas of bone. B.L. Coley and Higinbotham 
served in the Army from 1942 to 1946. Upon their return, 
chemotherapy became a priority. The Medical Director, Rhoads, 
without consulting the Bone Tumor Service, wrote Parke Davis & 
Company in 1950 telling them to stop making the toxins. A 
typical administrator's callused and unethical act against a 
number of patients who were receiving them. For a time Rhoads 
had the toxins made at Sloan-Kettering Institute (SKIxiv) and 
eight reticulum cell sarcomas were successfully treated with 
this product, combined with x-ray therapy in some cases. In 
inoperable cases with metastases the limb was saved in all 
these, one was a Mayo Clinic case (37). 

In 1939 we began a half century of study on Coley's work. 
We found the factors affecting success were very concrete as 
outlined above, but they had been largely ignored by Coley and 
most of the other men using the method. Matagne was an 
exception. He made his own toxins so they did not have to be 
shipped and lose potency in transit before the days of 
airmail, and he administered them wisely. In 1953 we 
founded Cancer Research Institute, to provide incentive and 
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support for investigators in this field of cancer immunology. 
The first two investigators we funded were Johnston and Havas 
at Temple University, Philadelphia, Pennsylvania, Johnston's 
laboratory prepared the Coley toxins for clinical use and for 
a special study at New York University (SO,Sl). Havas also 
prepared the toxins but did not use them clinically (S2,S3). 

Between 19S4 and 1963 a number of physicians and surgeons 
became aware of our studies, requested reprints and obtained 
toxins (Johnston XV). We also sent them detailed directions 
for administration and toxin therapy record sheets to 
facilitate analysis of results. Successful results were 
obtained by several including Johnston (SO, Sl). Rank in 
Texas, breast cancer (23) 7 Fowler, in Connecticut, multiple 
myeloma (S4) and colon cancer (31), and Nicholson in 
Philadelphia, reticulum cell sarcoma (37). 

Following the tragedy of thalidomide in Europe in 1963, 
the Kefauver bill was passed enabling the Food and Drug 
Administration (FDA) to establish very stringent regulations 
regarding clinical trials of new drugs. Though the Coley 
toxins were 70 years old, the FDA ruled it was a new dru~ 
requ1r1ng special permits and endless red tape to use it 
clinically, hence all those who were using it stopped. 
Despite this terrible blow we continued to assemble data and 
to edit and to publish 22 monographs after 1963 (8). We also 
read papers at 11 international cancer conferences (8). 

One study was undertaken with an F.D.A. protocol at 
Memorial Sloan-Kettering Cancer Center in June 1976 by Kempin 
et al (SO). Patients with advanced non-Hodgkins lymphoma were 
randomized to receive or not receive one subcutaneous 
injection of mixed bacterial vaccine (MBV) five days before 
each cycle of chemotherapy. There were 40 nodular poorly 
differentiated l~~homa, five nodular mixed lymphoma, three 
nodular histiocytic lymphoma, Stage II, five cases, Stage III, 
23 cases, Stage IV, 21 cases. Radiation therapy was given to 
initial areas of bulky disease or to nodal or extranodal sites 
responding only partially to chemotherapy. The MBV treated 
patients had a higher rate of complete remission (73 vs. 44 
percent) longer duration of remission (p=O.OOS) and longer 
survival (p=OOS). 

The product they used was made in Germany by Bayer, and 
they used only subcutaneous injections at infrequent intervals 
which caused little or no febrile reactions. Despite these 
factors the MBV did improve remission and survival, although a 
few years later the survival curves merged due to late 
recurrences. Thus the study was not continued, although the 
authors had reported in 1981 that the study strongly suggested 
a potential role for MBV therapy in the management of these 
tumors (SO). 

Another physician working independently in Milwaukee, 
Wisconsin, began in 1972, after having worked in a regional 
burn unit for nine years where he treated 3,000 cases with a 
mixed bacterial vaccine he had made up to prevent the virulent 
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infections these patients develop. His vaccine made isolation 
and antibiotics unnecessary. In 1972 he decided to treat his 
cancer patients with the vaccine which was made in his own 
laboratory. By 1986 he reported on 139 patients. They 
received BCG, transfer factor and MBV -- all were advanced 
cases that had failed under chemotherapy or refused it (54). 
His results suggested that combined immunotherapy is well 
tolerated and safe and that it had a salutary effect on a 
number of patients. His best results were in lung cancers and 
in operable breast cancer given the treatment as an adjuvant 
to surgery: none of the 30 cases so treated has died (55). 

11. PRELIMINARY RESULTS OF MIXED BACTERIAL VACCINE IN THE 
TREATMENT OF HEPATOCELLULAR CARCINOMA AS ADJUVANT 

In 1981 Guo, a pediatric oncology surgeon at Beijing 
Children's Hospital became interested in using the method for 
his patients. He also was impressed by a case of very 
extensive sarcoma of the .thigh that had recovered following a 
severe staphylococcus infection with complete recovery (44). 
He also had read our first monograph (1) which was in his 
Medical School Library. He wrote us and we provided the end 
result studies on pediatric malignancies, the directions as to 
preparing and administering the toxins and kept in close 
touch. We went to China in October 1983 and brought Guo to 
New York that fall, so he could visit Memorial Sloan-Kettering 
Cancer Center's excellent pediatric division. We emphasized 
the need for more space in the ward, an area for play and more 
nurses. We also stressed the need to allow the mothers to be 
with their children as much as possible to reduce stress which 
is immunosuppressive. We provided the toxins prepared by 
Havas in Philadelphia for part of the time. 

In the past 7-1/2 years he has treated 
children. Of the inoperable cases receiving 
injections, eight were successful, traced up to 
after onset. There were 16 inoperable failures, 
received 7 to 10 injections - too brief a period. 

49 cases in 
ten or more 
eight years 
of whom six 

Of the 22 operable cases, only two 
which was recurrent when toxins were 
remained free from disease up to six years 
more recent cases remain well and one 
probably cured but awaits a "second look". 

have died, one of 
begun. Twelve have 
after onset, seven 

equivocal case is 

Guo is the first surgeon since Matagne in Belgium to use 
the toxins before as well as after surgery. His results 
indicate how successful this technique can be: No primary 
operable case has died. He used injections intratumorally, 
intradermally over the tumor site, and intramuscularly (57). 

Guo has also treated a considerable number of adults in 
another hospital, but it is too soon to evaluate the results. 

In Shanghai at our suggestion, Tang a very well-known 
liver cancer surgeon, has been using the Coley toxins provided 
by Havas of Temple University. From May 1985 to December 1987 
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patients received hepatic arterial ligation plus cannulation 
for 30-40 consecutive days, including 12 cases with second 
stage resection, and 34 patients with palliative resection. 
These cases were randomized. The controls did not receive 
mixed bacterial toxins (as the Coley toxins are now called, 
MBV). One group had cis-platin, one group had MBV and 
radiation, one group had all three. The patients receiving 
MBV had 47.8 percent survival versus 35 percent for the 
controls. In the second look resection 9/25 survived versus 
3/20 in the controls. Remarkable lymphocyte infiltration was 
found in the tumor specimen after second look resection in the 
MBV cases. (Zhao You Tang, Hai Yan Zhou, Gang Zhao, Li Mian 
Chai, Ji Zhen Lu, Kang Da Liu, Havas, H.F., Nauts, H.C.). 

It may be of interest to some readers that there is 
currently a clinical trial testing the effect of mixed 
bacterial vaccines (MBV) upon the immunocompetence of patients 
with far advanced cancers and its toxicity and potential 
benefits to the patient. The vaccine has been registered with 
the Food and Drug Administration and the principal 
investigator, Dr. Rita Axelrod, possesses IND #BB-2016 for 
testing this drug. The protocol is quite broad and general so 
as to maximize the accrual of patients, however, in order to 
qualify the patient must have failed all standardized 
treatment modalities or be unacceptable for such management. 
The patients studied to date, with the exception of one 
patient, has shown acceptable toxicity to the vaccine and a 
number have shown gratifying improvement in some of their 
immune parameters. Dr. Axelrod is located at Temple 
University Medical School, Philadelphia, PA. 

12. Conclusions 

We believe that the factors outlined in thjs review in
dicate why the Coley Toxins never acheived wider recognition. 
Since the mistakes of the past are now more clearly under
stood, there is a real opportunity to organize cooperative 
studies. Not only for inoperable cancers but as an immunoad
juvant to potentiate the response to the usual modalities and 
protect against their immunosuppressive effects. The Chinese 
studies have already shown that this is possible. 
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Hyperthermia represents a prom~s~ng approach to the 
therapy of neoplastic diseases. Application of local 
hyperthermia to a tumor has been suggested as a method to 
selectively enhance the action of chemotherapeutic agents at 
the tumor site (l). Moreover evidence suggests that 
hyperthermia by itself or in conjunction with X rays produce 
an increase in the cure rates of human tumors (2). Many 
studies support the hypothesis that the plasma membrane is a 
critical target for heat cell inactivation. Hyperthermia has 
been reported to induce structural changes in cell membranes 
(3-5). The mechanisms involved in hyperthermic action have 
been reviewed extensively (6,7) but little is known about the 
effects of hyperthermic treatment on immune response. As 
many recent data enlight the effectiveness of adoptive 
immunotherapy protocols in the control of neoplastic diseases 
(a,g), we sought to investigate the feasibility of a 
combined-therapeutic approach including hyperthermia and 
adoptive immunotherapy. In this line we studied the effects 
of hyperthermic treatment on basic immune responses, such as 
anti T3-Ti triggering induced lymphoproliferation, and the 
generation of non MHC-restricted cytotoxic activity against 
tumor cells. 

MATERIALS AND METHODS 

PBMC preparation and heat treatment 

Peripheral blood mononuclear cells (PBMC) were isolated 
from heparinized venous blood samples from healthy donors by 
gradient centrifugation according to standard methods. Cells 
were then washed twice and resuspended in RPMI medium (GIBCO, 
Grand Island, New York, USA) supplemented with Glutamine {2 
mM),lO% pooled AB serum and antibiotics (complete medium). 
When indicated, separated PBMC were heat treated in a 

Consensus on Hyperthermia for Ihe /9905 
Edited by H. I. Bicher et a/. 
Plenum Press. New York, 1990 

501 



precision water bath (Haake 08, West Germany) for the 
appropriate timing. Cells were then washed, adjusted at the 
indicated concentrations in complete medium and used as 
detailed in individual experiments. 

Proliferation assays 
6 

PBMC were cultured in complete medium at 10 Iml final 
concentration in 0.2 ml in 96 round bottom microwell trays 
(Nunc, Denmark). All tests were performed in triplicate. 
Lymphocyte activation through T3-Ti complex triggering was 
induced by a mitogenic anti T3 monoclonal antibody (Mab) , 
CBT3G ,gently provided by F.Malavasi, (Turin,Italy) .Ascitic 
fluid was added to the cultures at 1:1000 final dilution. 
Lymphoproliferative response was assessed by 3H thymidine 
incorporation according to standard methods on day three of 
culture. 

Generation of LAK cells and cytotoxicity tests 

In order to gene~ate IL-2 activated killer cells, PBMC 
were cultured at 10 Iml concentration in complete medium in 
the presence of 100 units Iml recombinant IL-2 (courtesy of 
Dr. Garotta, Roche, Basel ,Switzerland) in 24 wells plastic 
trays (Costar, Cambridge, USA) for seven days. In parallel 
cultures IL-2 induced proliferation was also measured by 3H 
thymidine incorporation on day seven. Cytotoxic activity of 
LAK cells was assayed by a 4 hours 51Cr release test as 
previously detailed (10). Briefly, NK sensitive (K562) or NK 
resistent (1301) target cells were labelled by a 1 hour 
incubation with 150 pCi of a 51Cr solution (0.1 mCi: 
298.08mCilml)washed and added to serially diluted effector 
cells in 96 wells round bottom microtrays. After a 4 hours 
culture at 37 C. in humidified atmosphere, supernatants were 
collected and radioactivity was measured by a gamma counter. 
Specific lysis was calculated according to the standard 
formula. 

Immunofluorescence studies 

In immunofluorescence studies resting or cultured PBMC 
were labelled with FITC conjugated monoclonal antibodies as 
indicated in the following section, (Beckton Dickinson, 
Mountain View, USA) according to standard protocols. Cells 
were then washed and samples were analyzed by FACS Scan 
(Ortho, USA). 

Interferon assay 

Day 7 supernatants of IL-2 stimulated and control PBMC 
cultures were assayed for Interferon gamma (IFN-gamma) 
content by inhibition of .Sindbis virus hemagglutinin yield 
after a single growth cycle as previously detailed (11). 

RESULTS AND DISCUSSION 

In preliminary experiments we tested the effects of heat 
treatment on viability of PBMC and we found that 42.5 Cheat 
treatment prolonged up to 3 hours doesn't significantly 
affect PBMC viability while after 18 hours of treatment a 30% 
cell mortality, as assessed by dye exclusion, was observed. 
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Fig.1. Effects of hyperthermic treatment on the viability 
of PBMC subsets. 

PBMC were separated and heat treated (42.5 C) for 0 hour 
(PJ), 2 hours (Il), 3 hours {~or 18 hours (bJ)' Cells were 
stained with specific FITC conjugated Mabs according to 
standard protocols. Data are expressed as percent of cells 
positive for the indicated Mab. 

We next sought to determin whether a selective heat induced 
toxicity on specific PBMC subpopulation could be observed. 
As shown in figure 1 heat treatment prolonged up to 3 hours 
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Fig.2. Effects of hyperthermic treatment on anti T3 
induced PBMC proliferation. 

Separated PBMC were treated for the indicated times at 
42.5 C temperature. Cells were cultured in the presence (.), 
or absence (0) of a 1:1000 dilution of a mitogenic anti CD3 
Mab containing ascitic fluid. Lymphoproliferation was 
assessed by 3H thyimidine incorporation on day 3 of culture. 
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did not induce selective loss of CD3, DR, CD4, CD8 or CD16 
positive cells. On the other hand after 18 hours treatment 
we observed a significant reduction of CD16 positive cells, a 
cell subset including a large part of non MHC restricted 
cytotoxic effector cells. 

In subsequent experiments we assayed the effects of heat 
on the PBMC activation induced by triggering of the antigen 
receptor complex by monoclonal antibodies (12). As shown in 
figure 2 we found that hyperthermic treatment prolonged up to 
2 hours did not adversely affect anti T3-induced 
lymphoproliferation, while longer treatments markedly 
depressed antigen receptor mediated PBMC activation. 

We then assayed the capacity of recombinant IL-2 used at 
100 U/ml to induce activation of 42.5 C pretreated PBMC. As 
shown in figure 3 (panel A), proliferation induced by IL-2 
was indeed sligthly increased in heat treated PBMC when 
hyperthermic treatment was applied no longer than 3 hours. 
On the other hand, after 18 hours treatment we observed a 
marked decrease of IL-2 induced PBMC proliferation. 
Generation of non MHC restricted cytotoxic activity against 
tumor cells induced by IL-2 was not affected by previous 
hyperthermic treatment. As shown in figure 3 (panel B) 
cytotoxic activity against K562 target cell line was 
practically unchanged in heat treated PBMC. A slight 
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Fig.3. Effects of hyperthermic treatment of PBMC on IL-2 
induced proliferation and generation of cytotoxic activity. 

Separated PBMC were treated at 42.5 C for the indicated 
times. Recombinant IL-2 (100 U) was then added (.)or not (0) 
and cultures were prolonged for 7 days. Proliferation was 
assessed by 3H thymidine incorporation (panel A). 7 days 
cultured cells were also assayed for cytotoxic activity 
against K562 target cells. Data are reportedas percent 
specific killing (panel B). 

reduction was observed in 18 hours pretreated PBMC. Similar 
results were obtained by using as target an NK resistant cell 
line (1301). 

Among the soluble factors whose production is induced in 
stimulated PBMCa special role is played by IFN-gamma. Indeed 
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it has been shown by us and others that block of IFN-gamma 
effects by specific monoclonal antibodies adversely affect 
the generation of non MHC restricted cytotoxic activity 
induced by IL-2 or microbial antigen (13,14). We thus assayed 
the production of IFN-gamma induced by IL-2 stimulation in 
heat treated PBMC. We observed that heat treated PBMC 
produced significantly higher amounts of IFN-gamma than 
untreated cultures with a peak production in 3 hours treated 
PBMC. IFN-gamma production, however, sharply decreases in 18 
hours treated PBMC. 

Taken together our data emphasize the apparent lack of 
immunotoxicity of hyperthermic treatment prolonged up to 2-3 
hours. These data also enlighten the possibility of 
associating hyperthermia and adoptive immunotherapy, at least 
in some phases of the treatment, such as lymphoapheresis, in 
that heat treated PBMC seem to be fully competent for the 
generation of LAK effector cells. A further step will be the 
assessement of the role, if any, of the immune system in the 
clinical effectiveness of hyperthermic treatment in cancer 
patients. 
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Hours 

15 16 17 18 

Fig.4. Effects of hyperthermic treatment on IL-2 induced 
production of IFN gamma by PBMC. 

PBMC were heat treated (42.5 C), cultured in complete 
medium in the presence (e) or absence (0) of 100 U rIL-2. 
Supernatants were collected on day 7 of culture and assayed 
for IFN gamma activity. 
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The evidence of time dependent, heat induced impairment of 
immune functions is unequivocal from in vitro studies. While 
earlier investigations at moderately elevated temperatures led 
researchers to postulate that in the clinical set-up hyper
thermia might in fact stimulate the immune system. the growing 
number of studies at more relevant temperatures provide no 
support for this concept. For review of the temperatures see 
Skeen et aI, 1986. Since the importance of immune reactions 
in tumor control after hyperthermia has been firmly established 
in immunodeficient mice (Alfieri et aI, 1981) the relevance of 
in vitro data to the situation in inpatients undergoing hyper
thermia remains to be determined. The clinical situation is 
obviously more complex and it has proven in the past to be 
difficult to correlate patients immunological parameters with 
clinical outcome in cancer patients. 

In spite of this problem, modification of the immune 
response has gained increased attention in the recent years as 
the possible practical approach to the adjuvant treatment of 
cancer patients. The hope for eventual development the treat
ment modality of the clinical value lies both in modulation of 
the specific and nonspecific immune response. Among mechanisms 
of the specific immune response under current consideration are 
monoclonal antibodies and tumor infiltrating lymphocytes (TILS), 
especially after genetic manipulation (S. Rosenberg, 1989, 
personal communication). 

Among cells mediating non-major histocompatibility complex 
(MHC) restricted (non-specific) cytotoxicity special attention 
is devoted to lymphokine-activated killer (LAK) cells and 
activated macrophages. 

Some of the cells involved may not only mediate tumor 
cytolysis by themselves but may release molecules with anti
tumor activity like tumor necrosing factor-alpha and lympho
toxin. Hyperthermia may be put into this context in order to 
determine under what circumstances and in what way it may 
modify naturally occurring phenomena of anti-neoplastic nature. 
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Alternatively, hyperthermia may be used in combination with 
any of the various forms of adoptive immunotherapy. 

The essential problem is that the precise mechanisms of 
the antitumor action of the immune system are not always clear 
especially in the in vivo conditions. For instance, it is 
unknown how Interleukin-2 induces remissions in some cancer 
patients. The role played by LAK cells is not well understood 
either, especially because in spite of being capable of killing 
tumor target cells in vitro, LAK cells do not home in the tumor 
in vivo. 

To the best of our knowledge there are no studies reported 
which deal with the issue of how increased temperature affects 
TIL'S, in vitro or in vivo in animal or human tumors. The 
effect of hyperthermia on macrophages activated to express 
tumor-specific cytolytic function is poorly understood. No 
data are available on the effects of hyperthermia as an adjunct 
to the immunotherapy with recombinant Interleukin-2 (rII-2), 
alpha and gamma interferons, tumor necrosing factor-alpha and 
lymphotoxin. 

All the above subjects are open for investigation in both 
animal and human models. The only study related to above 
questions available at this time is on the effects of hyper
thermia on human LAK and NK cells functions, and is published 
by McLaren and Olkowski elsewhere in this volume. 

In parallel with their earlier studies on the effects of 
hyperthermia or the mitogenic response of human lymphocytes, 
the data suggests that mild hyperthermia delivered in less than 
60 minutes time stimulates MBC non-restricted lymphocyte 
cytotoxicity while higher temperatures above 43 0 C and prolonged 
hyperthermia (over 60 min.) results in the severe functional 
impairment. 

It is of interest that immune modulators, such as rII-2, 
rII-1 alpha interferons, tumor necrosing factor alpha, 
administered to cancer patients in Phase I & II clinical trials, 
produce FEVER. One may speculate that the antitumor activity 
of above molecules may be related to hyperthermia induced this 
way. 

It has to be pointed out that while diversity of immune 
cells and molecules may play an important role in the tumor 
control, hyperthermia by itself may affect different tumors in 
a variety of ways depending on their rate of growth, vascular i-
7.ation, expression of BLA, dependence on the specific growth 
factors, including possible expression of receptors for 
molecules utilized as inducers of immune cells, such as rII-2. 
(Aughileri, 1986). 

In conclusion, recent advances in experimental and clinical 
immunotherapy of cancer require extensive update of the 
knowledge regarding the combination of hyperthermia with newest 
immunomodulators to increase the cure rate of malignant disease. 
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Chemotherapy and/or radiotherapy widely used in the last 
decades for cancer treatment are frequently barely effective 
on tumor growth and metastatic spread. Years of 
disappointing results, at least for the large majority of 
human solid tumors, induced the search for more active 
treatments. Photodynamic therapy (PDT), a relatively new 
method, has been tested for the treatment of a certain 
number of chemoresistant cancers, sometimes successfully 
(1). Recent in vitro and in vivo experiments suggest that 
the combination of hyperthermia (HT) and PDT can increase 
the therapeutic effect of these two therapies when used in 
combination (2,3,4). 

The presence of molecular oxygen is essential for the 
success of PDT, since single oxygen and other oxygen-derived 
species are the main cytotoxic agents in this treatment 
modality. When the oxygen concentration in the medium is 
low, the damaging effect of photosensitization on cells is 
remarkably reduced or even nil. This raises serious problems 
in the clinical use of photosensitization for treatment of 
cancer, since most solid tumors contain cells living 
under extremely low oxygen pressures. To understand fully 
the extent of protection from PDT that hypoxia confers on 
tumors cells, the following points should be considered: (a) 
the oxygen concentration in the air at sea level is about 
0.24 mM and it's partial pressure is 152 mmHg: (b) in 
arterial blood, the oxygen concentration is about 0.12 mM 
(78 mmHg); (c) in normal tissues p(O ) of about 40 mmHg are 
f 0 u n d (63. 1 m M); ( d) i n tum 0 r s 0 < rf( 02) .;: 4 0 m m H g has bee n 
determined. The number of cells living and in some cases 
proliferating in p(02) values lower than 5 mmHg (7.89 mM), 
i.e. the "hypoxic fraction", varies widely with tumor type 
and growth site. Hypoxic cells may reoxygenate after the 
destruction of oxygenated cells by therapy and resume active 
proliferation, thus causing local tumor growth. 
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It was observed that if PDT is immediately followed by 
HT, a superadditive (synergistic) potentiation is obtained. 
Some hypothesis have been put forth, but a satisfactory 
explanation for such synergism has not been proposed. In 
this work, through analysis of various aspects of the two 
therapies is performed and a possible interaction 
mechanism is derived. This analysis moreover explains the 
specific treatment sequence requested to obtain a 
synergistic potentiation (that is, PDT prior to, and not 
vice versa). 

MECHANISM OF ACTION AND EFFECT ON TUMOR VASCULATURE 

PDT is primarily based on the preferential uptake and 
retention of some porphyrins by tumor (and, in general)by 
all tissues characterized by a high proliferation rate with 
respect to most normal tissues. A differential porphyrin 
distribution is observed at tumor level: the extracellular 
compartment and, in particular, the vascular area, 
macrophages and necrotic areas contain higher drug 
concentrations than the tumor cells themselves(5). (N,B.The 
vascular endothelial cells of tumors,where the highest 
percentage of drug concentration is found, have a 
proliferation rate that exceeds what is found in normal 
tissues by a factor ususally greater than 20). After 
specific light activiation of the porphyrin-containing 
tumor, a highly cytotoxic species,singlet oxygen,is produced 
due to porphyrin sensitized photodynamic action. Several 
hours after PDT tumors show evident hemorrage,congested 
vessels, platlet thrombi and lysed tumor cells. The main 
factor that contributes to tumor destruction by PDT seems to 
be the stoppage of blood flow and the resultant ischemia of 
the tumor due to collapse of the vasculature(6).When HT is 
performed before PDT, the vascular modification caused by 
heat drastically decreases light penetration in the tumor; 
the efficiency of PDT is therefore highly impaired. 

MICROENVIRONMENTAL OXYGEN AND pH RELATED EFFECTS 

Tumors usually contain a high proportion of hypoxic 
cells that may be resistant to PDT (7).The hypoxic cells, 
due to their high glycolisis, live in an acidic environment, 
and therefore are very heat sensitive. There may thus be a 
complimentary effect of HT and PDT, in terms of the 
destruction of this population, such as the one that exists 
between HT and Radiotherapy (8). PDT causes a sharp 
reduction of P02, due to the abrupt reduction for blood 
flow, and no significant shift of PH, since it does not 
evoke any metabolic stimulation (9). If HT is performed 
after PDT on already badly perfused environment ulteriorly 
hinders the efflux of heat from the tumor;the temperature 
differential between the tumor and the surrounding, well 
perfused, normal tissues will therefore ultimately increase. 
This may be a further parameter contributing to the 
synergism between PDT and HT, and again to the observed 
sequence importance. The increase in acidity and the 

512 



decrease in nutritional supply during HT increases the 
thermal damaging effect on the survivihg tumor cells. An 
effect that has not so far deserved due attention is the 
influence of the heat-induced vascular alterations on the 
normal tissue and to the tumor. As a matter of fact, the 
increase inblood flow and in vascular permeability observed 
concentration therejon the other hand,vascular status in the 
tumor may decrease drug de1ivery,therefore decreasing the 
therapeutic index(7). 

CELLULAR RELATED EFFECTS 

The macroscopical effects of PDT and HT on the 
vascu1ature,presumably the main responsible for the observed 
synergism,are due to collapse of the tumor peculiar 
endothelia (10). The microscopical effects that condition 
the response not only of the tumor endothelial cells but 
also of macrophages and the tumor cells themselves, worth 
therefore to be considered. The cellular damaging effects of 
PDT and HT will now compare recalling that cell activity 
requires selectivity of membrane permeability, and that 
reproductive capability is assured by the integrity of the 
nucleus and of the intracellular organelles. 

Effect of PDT 

The cellular response to PDT is dependent on several 
experimental parameters (e.g. composition,concentration and 
mode of delivery of the sensi1tizer, incubation time, oxygen 
concentration, photoactivatin energy, presence of serum 
proteins(11). Furthermore, cytotoxicity is due to the 
unspecified action of free radicals, that are produce after 
attack of singlet oxygen to electron rich areas of 
biomo1ecu1es (e.g. conjugated double bonds). It is thus 
rather difficult to evaluate the initial lesion, since free 
radicals initially formed in a well defined localization 
soon initiate chain reactions spreading damage allover the 
cell. 

Electron micropsy, EM, is an almost ideal technique to 
observe damage onset and spreading. Although some papers 
describe the EM picture of a cell after PDT, they refer to 
different experimental conditions. One, however, deserves 
mentioning since it describes not only damage but also the 
structural modifications that suggest an attempt of repair. 
(12). The main effects observed are: (a) proportionally, 
much less proliferating and more degenerating and dying 
cells than before PDT; (b) soon after PDT,enlargement of 
cellular interspace, reduction of cell volume, diminution 
and shrinkage of microvilli and appearance of 
pseudopodiaj(c)part of the membrane destroyed with cytoplasm 
shed outsidej (d) vacoules of different dimensions, the 
larger of which occupy almost half of the ce11j (e) loose 
atypical and no more compact, filaments in the cytop1asmj 
(f) immediately after PDT, blurred mitochondrial membranes, 
some shrunk mitochondria with indistinct cristae filled with 
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high density material and vacuoles, some electron density 
particles; as the time after PDT increases, fewer particles 
and more vacuoles in the mitochondria; (g) rough 
endooasmatic reticulum, RER, filled with high density 
material (h) formation of an increased number of Golgi 
complexes connected to several vacuoles; (i) synthesis of 
new lysosomes that pile up in the concave part of the 
nucleus; (l)rounded up nuclei with decrease electron density 
and decreased granular euchromatin; heterochromatin attached 
to the nuclear membrane; (m) several mitosis containing 
degenerated mitochondria,dilated ER vacuoles;(n) centrioles 
and condensed chromosome still seen in the mitosis without 
spindle fibers.Membranes, and, in particular, the plasma 
membrane, are the most important cellular targets of PDT.The 
mainmolecular effects of PDT at membrane level are: 
oxidation of unsaturated liquids and cholesterol, and (ii) 
crosslinking and oxidation of some -SH groups of proteins. 
These chemical alterations lead in turn to a marked 
inhibition of the physiological activities of the membrane, 
and, in particular, of passive and active transports; this 
effect shows a marked correlation with porphyrin-induced 
loss of cell viability(13). It was observed, in 
particular:(a) enhancement of ANS binding, evidentiating 
increased membrane hydrophobicity;(b) inhibition of 
thymidine,nucleoside and main acid transport,that in part 
explains the inhibition of DNA and protein 
synthesis;(c)increased permeability to chromate, to K (in 
pat due to the oxidation of the -SH groups), and to 
actinomycine 0; (d) inhibition of membrane enzymes (e.g. 5-
nucleotidase, alkaline phosphatase, Na-K ATPase); (e) 
inhibition of cappine of antibodies and CON A 
agglutionation, which are properties that require normal 
fluidity of the plasma membrane and integrity of 
cytoskeleton; and (f) that cholesterol impregnation of 
leukemic cell membranes induces resistance to PDT. It 
should be mentioned that the cellular structures surrounded 
by membranes communicate dynamically with each other 
apparently by means of a continuous interchange in membrane 
fragments. Therefore, peroxidation initiating at the plasma 
membrane may easily propagate to other membranuous 
compartments. Mitochondria are one the POTs main targets: 
Essential functions (e.g. respiration, oxidative 
phosphorilation and Ca membrane transport)are affected since 
the activity of enzymes such as cytochrome C oxidase and 
succinate dehydrogenase, and ATPase is a well known effect 
of photo sensitization that ultimately causes the release 
of hydrolytic enzymes. After PDT, leakage of acid 
phosphatase, B-glycoronodase, Arylamidase, B-galacrosidase 
and B-N-acetylglucosdaminidase was indeed reported. In 
particular, damage to the lysosome of endothelial cells 
after porphyrin sensitization in vivo causes stasis of 
blood, aggregation of cells, intravascular hemolysis and 
irreversible damage. Isolated DNA can be photodynamically 
damaged by porphyrins: alkali-labile sites and single and 
double strand breaks were reported. Photodynamic 
crosslinking of DNA to protein is also induced. When whole 
cells are submitted to PDT,DNA sina 1q strand breaks also 

514 



occur,at significantly lower rates than than with x-rays. 
The chemical nature of the strand breaks induced by PDT seem 
to be different than those produce by x-rays. These lesions 
are not always easily repaired,particularly when high light 
doses are used. The ability of DNA to serve as a template to 
DNA dependent RNA synthesis is impaired. Crosslinking of DNA 
proteins is also observed with whole cell irradiation. As 
concerns the repair processes after PDT, the following 
observations were made:(a)prophyrin sensitization rapidly 
inhibits viral and mammalian DNA polymerasees; (b) cells are 
able to accumulate and recover from PDT damage in a way 
similar to the accumulation and recovery from x-ray damage, 
"Elkind repair"; and, (c) PDT is followed by synthesis of 
stress proteins, similar to heat shock proteins or to the 
protein synthesized in response to glucose deprivation and 
chronic anoxia. These morphologic and biochemical effects 
were extensively reviewed (14). 

The sensitivity to photodynamic inactiviation increase as 
the cells progress in their cell cycle from Gl to mid S 
phase (15). The particular susceptibility during the S phase 
was attributed to a peculiar condition of reduced 
microviscosity of plasma membrane damage in this phase. 
Although the speculation about a possible correlation 
between sensitivity to PDT and membrane viscosity seems 
quite plausible, another fact deserves consideration: in the 
S phase the DNA molecule is in a conformation fully extended 
for replication,and therefore particularly vulnerable to 
attack by external agents. These agents might be, for 
instance, the hydrolytic peroxidation. The effects of PDT on 
the nuclear structures do confirm the vulnerability of DNA, 
but it has not yet been clarified how the damige to the 
nucleus depends of the cell cycle phase. The damage bought 
to the DNA molecule may hinder its ability to act as a 
template for RNA synthesis, therefore impairing the 
synthesis of proteins with repair function. 

Effects Qf Hyperthermia 

An EM study that very exhaustively depicts the onset and 
propagation of damage induced by HT was published years ago 
(16). It was observed in this work that, during the first 
few days after treatment, the cellular morphology of 
nonmalignant tumor cells (e.g. fibroblasts and endothelial 
cells) was only slightly and reversibi1y damaged, while the 
ma1iqnant cells showed massive destructive alterations. 
This- study also points out that the presence of a 
hypertrophic Golgi area,contemporary to the formation of 
larger lysosomes, indicates that a high lysosomal activity 
may be primarily important in heat induced cytotoxity. 

In the EM study above reported, concerning the study of a 
tumor in vivo the thermal effect on the endothelial cells 
was irrelevant with respect to the effect on the malignant 
cells and, in particular, reversible. However, since HT is 
followed by occlusion of blood flow, damage to the 
vasculature should also play an important role in tumor 
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control. In effect, it was recently reported that, in vitro, 
the capillary endothelial cells are more heat sensitive than 
fibroblasts; at temperatures normally used in HT,damage 
results in cell death, demonstrable already at 30 min after 
initiation of a 44 C/30 min dose. In particular, capillary 
endothelial cells stimulated to proliferate are even more 
heat sensitive than quiescent endothelial cells. Since the 
tumor vasculature contains a significantly higher proportion 
of proliferating endothelial cells than the normal 
vasculature, the enhanced thermal sensitivity of the tumor 
neovasculature with respect to that of the host tissue is 
easily explained(6).The heat induced lethality results from 
the combined effect of several lesions to key structures in 
the cell, as it happens with PDT. For the sake of clarity, 
they will be again presented separately. 

The plasma membrane, which is the first cellular structure 
where heat energy is deposited, contains lipids and proteins 
highly susceptible to thermal damage. The membrane 
morphology after HT, observed with scanning EM, shows a 
rapid and irreversible transformation: from ordinarily 
smooth it acquires a cobblestone morphology; most microvilli 
disappear and those that remain clump into a cap(I?). It was 
long supposed that cytotoxicty was due to an irreversible 
increase in membrane fluidity, but it was later demonstrated 
that there is no correlation between thermal cell killing 
and membrane liquid fluidity (18). On the other hand, the 
activiation energy required for cell killing indicated a 
protein target for thermal damage. Heat has moreover a 
differential effect on the Na-K-ATPase: the capacity to bind 
ouabain decreases, while the ATP hydrolyzing acitivity on 
the membrane inner surface retains most of the original 
acitivity (20). This shows that, within the same protein 
that acts as sodium-potassium pump, two different regions 
are deputed to the mentioned properties, and each of these 
is influenced differently by heat. 

One of the main mechanism also proposed for cell ktlling 
by HT consists in the cell digestion by hydrolytic enzymes 
released after lysosome rupture. This assumption is based on 
the synthesis of an increased number of lysosomes, and of an 
increased proteolytic enzyme activity after HT 
(21).Moreover, tumor cell lysosomes seem more heat-labile 
than normal cell lysosomes. However:(a) neither lysosomal 
damage by photosensitization with neutral red, nor 
intralysomial inhibition of hydrolases by trypan blue, 
modifies the onset of inhibition of respiration of tumor 
cells by HT(22);and,(b) agents that modify the lysosome 
membranes, either by labilizing them (retinol) or by 
stabilizinp them (hydrocortisone), do not alter the response 
of the cells to HT(23). These experiments indicate that 
lysosomal damage by itself may not cause cell death, 
although it may substantially contribute to it. 

The proteins of the mitochondrial membrane undergo 
structural transitions at hyperthermic temperatures. The 
marked morphological alterations of mitochondria, that are 
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illustrated by EM, have a functional equivalent as 
inhibition or depression of the oxidative metabolism (24) 
with consequent decrease in ATP levels(25). Anaerobic 
glycolysis in tumors, on the other hand, seem not to be very 
affected by heat, and thus represents the only energy 
producing pathway in heated cells. Glucose deprivation, in 
effect, highly increases the heat induced toxicity(26). The 
increased importance of glycolysis causes an increase in 
acidity in tumor cells and in extracellular space in the 
tumor tissue. In these conditions, the activity of the 
lysosomal acid hydrolases may be intensified. It was 
already mentioned that heat affects the number and 
distribution of the "primary stimulus" receptors of the cell 
located in the plasma membrane. Heat besides affects "secon 
message" substances, such as Ca t !-, Ht-, and cyclic AMP, 
increasing their intracellular concentration. It was 
suggested that the increase in cell volume during and after 
HT is due to osmotic changes resulting from H ion flux(27). 
A recent speculation, moreover, proposes that HT induces 
alterations in the information flow through the cell, that 
starts at the outer receptors of the plasma 
membrane,continues in the internal signal effectors and 
later disrupts the cytoskeleton and inhibits protein and DNA 
synthesis(25).Therefore, heated cells are unable to complete 
cytokinesis, they become tetraploid, and loose their 
reproductive integrity(28). 

CONCLUSIONS 

In spite of these premises, most researchers involved in 
PDT clinical practice have not yet faced the fact that tumor 
regrowth due to spared hypoxic cells can easily be foreseen 
and should thus be expected after a single PDT dose. Since 
this event seriously hampers PDT and since established 
procedures are readily available to overcome hypoxia, 
clinicians should not ignore the interest and potentiality 
of the association of such methods with PDT in clinical 
experimentation. A detailed analysis of the biological 
effects of PDT and HT explains why this combination should 
be complementary if PDT is performed before HT. In effect, 
while PDT affects the tumor vasculature in the first place, 
and only secondarily the well-oxygenated tumor cells, HT 
primarily destroys the tumor cells living in an acidic, 
nutritionally deprived, environment (that are, moreover, 
hypoxic), and, to a lesser extent, also the tumor 
vasculature. If HT is performed before PDT, a synergism is 
not obtained, since HT causes a sharp decrease in tumor 
oxygenation (oxygen is one of the PDT"fuels") capillary 
collapse and hemorrhagic phenomena, that hinders light 
penetration in the tissues. On the contrary, PDT before HT 
favors HT; in effect, the deterioration of the tumor blood 
flow induced by PDT further hinders heat dissipation by 
blood circulation, and therefore increases the temperature 
differential between the tumor and the normal surrounding 
tissue. Also at the cellular level the damaging effects 0* 
PDT and HT reinforce each other, particularly at membrane 
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and nuclear levels. The overall mutagenicity of the 
combination PDT+HT, not yet determined, may not be 
negligible, although, separately, each of these therapies 
seems to be much less dangerous than equivalent doses of x
rays. Particular caution is requested to this specific 
point. 
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AS~ESSMENT OF COMBINED THERMORADIOTHERAPY IN 

RECURRENT OF ADVANCED CARCINOMA OF THE BREAST 

Li Rui-ying, Lin Shi-yin, Zhang Tian-ze 

Department of Radiotherapy and Radiation physics 
Tianjin Cancer Institute and Hospital 
Tianjin P.R. China 

During 1980 to 1983, 40 patients with advanced or locally recurrent 
breast cancer were treated with the thermo-radiotherapy. Ten of these were 
primary cases and 30 recurrent. In 23 patients who had 2 to 3 lesions. Alto
gether there were 64 lesions treated. Combined thermo-radiotherapy was ap
plied to the bigger lesions (42 in number) and irradiation alone to the 
small ones (22 in number). Average size of lesions treated with combined 
therapy was 38.7 cm 2 and that by irradiation alone was 12.1 cm 2 • 

In 20 patients of this series previous irradiation (40-65 Gy) were 
given. 

Hyperthermia was given by using microwave 2450 MHz and 915 MHz, tiwce 
a week, 15-30 minutes following irradiation. Intratumoral temperature was 
maintained at 4l-44°C for 40 minutes. A average of 11.6 sessions of heat 
was given. 

Radiotherapy was given after conventional freactionation technic 2-2.5 
Gy/day x 4-5/week to reach a total dosage of 20-80 Gy (average 47 Gy). Not
withstanding the size of tumor treated with combined therapy was 2 to 3 
times larger than that treated by radiotherapy alone, the CR rate, of le
sions after combined therapy was significantly better than radiation alone, 
64.3% V.S. 36.4% (P<O.Ol). 

The authors believe that the optimal size of tumor for hyperthermia 
~sing microwave 2450 MHz or 915 MHz may be less than 5-6 in diameter. 

INTRODUCTION 

During the period from 1980 to 1983, 40 patients with advanced or lo
cally recurrent breast cancer were treated with thermo-radiotherapy. We re
port the clinical results obtained using 2450 MHz and 915 MHz microwave 
generators. 

MATERIALS AND METHODS 

The age of the patients ranged from 34 to 78 years with a median of 
56 years. In 10 patients with primary breast cancer the le!'lion were class·i-

Keywords: Hyperthermia Breast cancer 
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fied as clinical stage III (T4 8 case, T2-2; N2 4, N3 1, No 5) with huge 
ulceration in 4 and fixation to chest wall in 3. The other 30 patients had 
recurrent breast cancer following surgery and irradiation (40-65 Gy). The 
size of recurrent lesions ranged from 2.5 to 9.5 cm in diameter. Nine pa
tients had diffuse lesions on the chest wall. In 23 patients there were 2 
to 3 lesions. Altogether there were 64 lesions treated. Combined thermo
radiotherapy was applied to 42 lesions with larger size- and irradiation alone 
to 22 smaller lesions. Average size of tumors treated with combined therapy 
was 38.7 cm2 in area and irradiation alone was 12.1 cm2 

Hyperthermia was given by using microwave of 2450 MHz and 915 MHz, twice 
a week, 15-30 minutes after irradiation. Temperature were monitored by a thin 
needle inlaid with 6 equidistantly apart thermocouple sensors. The needle was 
placed into the central part of the tumor through the skin. Intratumoral 
temperature was maintained at 4l-44°C for 40 minutes. An averge of 11.6 se
ssions of heat was given. 

Radiation therapy was delivered after conventional freactionation te
chnic 2-2.5 Gy/dayx 4-5/week to reach a total dose of 20-80 Gy (average 47 
Gy). Tumor sites of post-radiation recurrences would not tolerate much fur
ther irradiation. Therefore, under these circumstances lower dosage in the 
vicinity of 40 Gy was given. 

RESULT 

Assessment of therapeutic effect was made by evaluating clinical and 
X-Ray evidences. Complete disappearance of tumor maintained for 2 months 
duration was designated as CR. Those cases in which tumor reduced to more 
than half its original size are classified as PR, and those equal or less 
than half reduction in size as NR. 

In 64 lesions, 42 were treated using combined thermo-radiotherapy, 22 
irradiation alone. 

Average size of twnors treated by combined therapy was 2 to 3 larger 
than those by irradiation alone. However, the CR rate in combination with 
hyperthermia was 64.3% versus 36.4% with irradiation alone. (see Table 1). 
Leaving alone the 12 primary braast tumors or larger lesions, of the 52 re
current lesions of chest wall again for better CR rate was observed in le
sions treated by combination therapy 73.3% as compared with 36.4% of those 
by radiation alone (see Table 2). 

The patients in this series were followed-up for 6-37 months. Twelve 
patients are alive, with no evidence of disease in 9. 

Treatment 

RT+HT 

RT 
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Table 1 Response of 64 Lesions to Irradiation 
V.S. Irradiation Plus Hyperthermia 

Response (%) 

No.of Lesion Average size Average Dose CR PR NR 
(cm2 ) (Gy) 

42 38.7 48 64.3 33.3 2.3 

22 12.1 47 36.4 50 13.6 

X2 15.65 P < 0.01 



Table 2 Comparison of Response of 52 Chest Wall Recurrent Lesions 
to Two Methods 

Response (%) 

Treatment No.of Lesion Average Size Average CR PR NR 
(cm 2 ) Dose(Gy) 

RT+HT 30 28.9 42 13.3 23.3 3.3 

RT 22 12.1 47 36.4 50 13.6 

X2 = 27.64 P < 0.01 

DISCUSSION 

Combined thermoradiotherapy is currently a well accepted modality for 
treatment of cancers. Local hyperthermia combined with radiation therapy has 
resulted in a 52-68% complete remission rate which is significantly superior 
to either modality alonel - 3 • This series of breast cancer thermoradiotherapy 
has achieved similar good result with a far better CR rate than that of ir
radiation alone (64.3% VS. 36.4%). 

Management of recurrent breast cancer in irradiated area is rather di
fficult. Twenty of the 40 patients in this series had prior irradiation in 
the range of 40-65 Gy. with the help of hyperthermia lower dosage of irra
diation averagely 47 Gy, 16 of the 20 patients had their lesions achieved 
CR. Thermoradiotherapy, therefore, might be of choice in the treatment of 
recurrent breast cancer which failed irradiation. 

To our experence4- 5 , the size of tumor affects therapeutic effective
ness. The CR rate in tumor with size of 28.9 cm 2 was 73.3% which is signi
ficantly better than 47.5% for tumor sized 37 cm 2 • We believe that the opti
mal size of tumor for hyperthermia using microwave 2450 MHz or 915 MHz may 
be less than 5-6 cm in diameter. 
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LOCAL HYPERTHERMIA FOR TREATMENT OF ADVANCED PROSTATIC CARCINOMA 

PRELIMINARY RESULTS 

T. Lotti V. Altieri, V. Mirone, N. Ottaviano, and A. Russo 

INTRODUCTION 

Department of Urology, lInd School of Medicine 
Naples, Italy 

Since ancient ages, heat administration was used as a therapeutical mod
ality for several indications. Together with the anti-inflammatory, the 
anti-cancer cytotoxicity seems to represent the main effect of hyperther
mia. Following the biologic rationale for using heat in the treatment of 
cancer, various technical devices were designed for heat administration 
in cancer patients. 

The great majority of these machines (often using radio frequency capaci
tive modalities) were designed to be theoretically effective towards the 
most various types of (deep and superficial) tumors. 
Differently, the Prostathermer* (PT) we used for this study, as well as 

the other (recently realized) similar machines (5, 8), represent peculiar 
(perhaps unique) devices specifically designed for therapy of (not only 
neoplastic) diseases of a single organ. 

Extracorporeal (suprapubic and perineal) and intracavitary (transurethral 
and transrectal) routes of administration can be used for heating pros
tate. Intracavitary ones appear to be obviously preferable. At the moment, 
the (theoretically better) transurethral way has to be considered poten
tially dangerous and then still experimental. Accordingly to the choice of 
the transrectal way, microwave radiation seemed to represent the best 
heating modality of the prostatic tissue. 

Here described are the preliminary results obtained by local deep micro
wave hyperthermia (LDMwh) in stage T3-T4' MO-l prostatic carcinomas. 

MATERIALS AND METHODS 

14 patients (pts), aged 16-78 years (average: 70.5) with histologically 
proven prostatic carcinoma entered this study. 
All pts were suffering from T3 tumors, excepting one "accidental" T2 

lesion. 

Key words: Microwaves, Intrarectal hyperthermia, Prostatic cancer 
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As for the grade, the 14 pts were listed as follows: 
- 2 G I 
- 8 G2 
- 3 G3 
- I Gx 

In the pre-LDMwH period, all pts were examined in the standard fashion, 
including prostate digital palpation, fine needly aspiration biopsy, chest 
film, intravenous pyelogram, bone scan, CT abdominal scan, hormonal profil
es, serum prostatic acid phosphatase and specific prostatic antigen deter
mination. The diagnostic work-up specifically related to LDMwH consisted 
of: 
I) a minimal ano-rectoscopy (up to 10 cms from the sphincter); 
2) a simplified urodynamic evaluation (urinary flow and post-voiding rest 

determination) and a 
3) transrectal ultrasound study (TRUS). 

TRUS (performed through a real time rotating probe) was considered essen
tial to obtain exact measurament of prostatic diameters and rectal wall 
thickness, necessary to plan the device computer. 

S pts suffered from a chronic urinary retention, bearing an indwelling 
urethral catheter. 

No pts showed marked pyelo-ureteric dilation. 
4 pts were suffering from a MI disease; they all presented bone metasta-

sis, confirmed by plain x-tomography. 
No pts showed (clinically evident) chest or liver metastasis. 
With no regard to the CT scan evaluation, all pts were considered Nx ' 
The prostate was heated through 91S Mhz. delivered by a probe, inserted 

in the rectal cavity. 
A continuous flow system was used to cool the rectal mucosa by means cf 

cold liquid. Appropriately placed thermocouples on the applicator and in 
the prostatic urethra (through a specially designed Foley catheter) provi
ded a continuous measure of rectal and urethral temperatures. Calculated 
prostatic temperature, energy delivery and leakage were also available on 
the monitor screen, during the treatment. The device is scheduled in such 
a way as to automatically shut off during treatments in case of exceeding 
maximal pre-fixed safety values. A thermal equivalent dose (TED) calcula
tion was used as a specific tool for theoretical estimate of heat quan
tity received by the prostate with regard to the time-temperature relation
ship. 

LDMwH was administered by means of a Prostathermer System Model 99D twice 
weekly in 10 sessions (each lasting about 60 minutes), on an out-patient 
basis. During treatments the highest possible prostatic temperature was 
reached within the range of 42-44°, within limits of pts' tolerance 
All pts were receiving hormonal therapy (LH RH agonist or orchidectomy + 

anti-androgenic drugs) since a minimum period of six months when starting 
LDMwH, with the exception of a single pt (who personally chose to directly 
undergo both hormonal and hyperthermic treatments. Fig. 2). 

The standard LDMwH diagnostic work-up was repeated at I, 3 and 6 months 
follow-up periods after LDMwH. 

RESULTS 

1 pt was lost to the follow-up. 2 pts dropped out the treatment, because 
of intolerance of LDMwH. In one case, LDMwH treatments were interrupted 
because of impossibility of operators to get and maintain appropriate 
prostatic temperatures. 1 pt hasn't yet reached 1 month of follow·-up. 

Of 9 evaluable pts: 
1 pt died during the LDMwH course because of cancer progression. 
4 pts have a follow-up longer than 6 months, 2 pts longer than 3, 2 pts 
longer than 1 month. 

* BIODAN MEDICAL SISTEM LTD. KIRYAT WEIZMANN. REHOVOT ISRAEL. 
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Concerning morphological evaluation: 3 pts showed a marked reduction of 
the prostatic size, 3 pts a slight reduction, 3 pts no reduction at all. 
Excellent results were obtained in the pt who personally chose to contem

porarely ungergo both hormonal and hyperthermic treatments, with stage re
duction from T, to T? tumor. (Fig.2). 

In all pts a (various grade but henerally clearly evident) improval of 
glandular echographic pattern was shown the TRUS follow-up examinations. 

Urodynamic evaluation showed: imoroval in 5 pts, steadiness in 3 pts, 
worsening in 1 pt. 

Above all, all 4 pts of the catheter-bearing group were relieved of their 
indwelling catheters and resumed voiding (I pt for 3 months only). 
For this group of pts, the average follow-up is 10 months (range 4-16). 
In no case, could we demonstrate disappearance or reduction of bone meta

stasis. 

DISCUSSION 

LDMwH seems to playa role in therapy of advanced prostatic carcinoma. 
Furthermore, it probably shows a synergetic effect with chemotherapy but 

mainly with radiotherapy. Excellent results obtained in one case of (si
multaneously realized) hormonal and hyperthermic treatments could claim 
for a real synergetic effect of these therapies in prostate cancer (Fig.2). 
Radio-resistant hypoxic, "nutrients deprived", "low pH" and "s phase" tum

oral cells tend to be sensitive to heat. 
Hyperthermia also seems to be able to inhibit the repair of radio-induced 

DNA injury. 
In this preliminary series, radiotherapy was not associated to hyperther

mia in order to assess the real effectiveness of LDMwH. 
We deem that a (low energy) LDMwH treatment of prostatic benign diseases 

(hyperplasia and prostatitis) can be performed without any temperature 
measurement. We agree that a co~plete and exact prostatic thermometry is 
practically impossible. 
In our experience, we also noticed that the thermometric urethral cathe

terization mainly limit tolerance of LDMwH. 
In spite of the above considerations, we personally believe that some sort 

of thermometric evaluation, even invasive and approximate, should be con
sidered necessary during (high energy) LDMwH treatments for prostatic can~ 
cer. 

On the other hand, we can affirm that LDMwH was fairly well tolerated, de 
spite 2 pts who spontaneously chose to interrupt the therapy. 

Severe complications have been described following.LDMwH, e.g.: urethral 
strictures and mainly recto-prostatic fistulas (probably related to incor
rect indication to the treatment with LDMwH) (3). 
In our series urethral catheterization was often responsible' for mild uri

nary side-effects (discomfort, dysuria, hematuria, urethral bleeding, etc.) 
but no real complications occurred because LDMwH. 

CONCLUSIONS 

Transrectal heat delivering should be considered the best (available 
today) route for heating the prostate. 

In our hands, LDMwH seemed to be effective in prostatic cancer therapy. 
LDMwH seems to be fairly safe and well tolerated, easy to perform and to 
repeat. 

By virtueof the synergetic effect of LDMwH with radiotherapy, the associ
ation of these two therapeutical modalities could become the "treatment of 
choice" for locally advanced prostatic tumors. 
Limited diffusion of LDMwH claims for further (controlled, perspective, 

randomized and possibly multicentric) studies in order to assess its real 
validity in the field of prostatic diseases therapy. 
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Fig. I. Case I. On the left: pre-treatment TRUS. On the right: 3-months 
follow-up TRUS. See: reduction of the mass, marked improvement of the glan
dular echo-pattern and creation of hypo-echogenic areas (Oedema?, necro
sis?). 

Fig. 2. Case 2. On the left: pre-treatment TRUS. On the right: 6-months 
follow-up TRUS. See: remarkable reduction of the mass, with lowering of 
the clinical stage for T3 to T2 tumor in a pt who personally chose to 
simultaneously undergo both hormonal and hyperthermic treatments. 
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AN OVERVIEW OF THE ROLE OF RADIATION THERAPY 

HYPERTHERMIA IN TREATMENT OF MALIGNANT MELANOMA 
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AND 

From January, 1970 unti 1 December, 1987, a total of 188 
malignant melanoma lesions in 92 patients were treated at 
the Department of Radiation Oncology, Indiana University 
Medical Center, Indianapolis, Indiana. Response was 
evaluated in 181 evaluable lesions treated by radiation 
alone and radiation plus hyperthermia to assess differences 
in response to a total dose, dose per fraction and overall 
time of treatment, as well as effects of adjunctive 
hyperthermia treatment. 

Different fractions of radiation, ranging from 100 cGy 
to 1000 cGy, were used. Local hyperthermia was administered 
for one hour following radiation treatment using microwave 
with different frequencies. The tumor temperature was also 
monitored during treatment. 

With a radiation dose of less than 400 cGy per 
fraction, and complete response rate (CR) was 34% (16/47) 
and the objective response rate (OR) was 62% (29/47). When 
hyperthermia was added, the complete response rate rose from 
34% to 70%. With a dose of more than 400 cGy per fraction, 
the CR was 63% (48/77), and OR was 95% (73/77). When 
hyperthermia was added, the complete response rate rose from 
63% to 77%. 

INTRODUCTION 

Malignant melanoma is a neoplasm that is commonly 
regarded as poorly responsive to conventional fractionation 
of radiation therapy. For many years it has been considered 
to be a radioresistant tumor and despite some encouraging 
results with radiation therapy over the past 50 years, a 
pessimistic approach is often taken and conventional 
fractionation radiation therapy has often been given by 
default.(2, 3, 10, 14, 27) Recently, there has been a great 
deal of interest in the treatment of malignant melanoma with 
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large fractions of radiation. There are also many 
encouraging results in the response of malignant melanoma to 
hyperthermia in combination with radiation therapy. (5, 7) 
In vitro and in vivo studies have suggested that malignant 
melanoma should be treated with a large dose per fraction of 
radiation therapy. (1, 7, 29, 30) 
HISTORICAL PERSPECTIVE 

Wolfelder, 1929, (34) and Evans and Leucutia, 1931, (6) 
reported better results with radiation therapy than with 
surgery for patients with malignant melanoma. 

Hellriegel (15) reported the treatment results of 259 
melanoma patients treated from 1935 to 1960. The five year 
control rate was 62% for radiation alone and 38% for locally 
excised followed by radiation; however, one-third of the 
patients did not have histopathology proven malignancy. 

Weitzel, (35) 1970, reported on 47 primaries of 
malignant melanoma treated with electron beam therapy, 
utilizing fractionated doses of 300-1000 rad. Most of the 
patients received 500 rad per fraction for a total dose of 
10,000-12,000 rad. Forty-nine percent showed objective 
response, and 3% showed no response. Hilaris el al., (16) 
1963 in a study of 73 patients reported a 57% improved 
response to metastatic malignant melanoma with conventional 
fractionation of radiation therapy compared to 53% for other 
metastatic tumors treated. 

Hornsey, (17, 18) 1978, in a retrospective study, 
reviewed 52 melanoma patients treated in the United Kingdom. 
The author noted the response to a fraction of 400-800 rad 
was significantly better than the usual fractionation of 
200-299 rad. 

Overgaard reported on 49 cutaneous and lymph node 
metastases on 36 patients in a non-randomized study 
comparing 400 cGy fraction verses 800 cGy fraction. There 
was a correlation between the tumor response and dose per 
fraction independent of total dose; the response was 
significantly better with 800 cGy per fraction when compared 
with 400 cGy per fraction. In his review of literature in 
1986, he found 48% CR with no correlation between total 
dose, treatment time and modification of nominal single 
dose. However, there was a significant relationship.between 
dose per fraction and response 59% CR for dose 4 Gy, versus 
33% CR for doses per fraction 4 Gy. He also noted that the 
tumor response was further improved in 134 additional cases 
receiving adjuvant hyperthermia in which a thermal 
enhancement ratio (TER) of 2.0 was observed. (22-26) 

Strauss, 1981, reported the result of 83 sites on 43 
melanoma patients treated with fractionation of 600-800 cGy, 
which resulted in 80% overall response. (32) 

Kim, et al., showed a good correlation between tumor 
volume, tumor control, and dose of radiation per fraction. 
(19-21) 

Habernalz, (11, 12) comparing fractionation and total 
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RADIATION ALONE 72 NONCUT ANEOUS LESIONS 

o Complete response 

o Partial response 

• No response 

o 

Fig. 1. Radiation alone 72 Noncutaneous Lesions 
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RADIATION ALONE 52 CUTANEOUS LESIONS 

o Complete response 

[] Partial response 

• No response 

o 

Fig. 2. Radiation Alone 52 Cutaneous Lesion. 



tumor dose used at four different centers, reported a 
complete response rate of 50%. Doss, (8) 1982, found an 
overall response rate of 37% in 41 lesions in 25 patients 
treated with conventional fractionation. When the dose per 
fraction was increased to 400 cGy the overall response rate 
increased to 67%. Shen, et al., (30) demonstrated that the 
human melanoma cell line responds more favorably to a single 
large dose of 800 cGy once a week than to smaller fractions 
of 200 cGy 5 times per week. (Table 1). 

MATERIAL AND METHODS 

188 sites in 92 patients were treated using the 
following doses of radiation therapy: a) 200 cGy daily for 
a total of 30 fractions in 6 weeks, b) 600 cGy twice a week 
times 6 in 17 days, c) 730 cGy once a week times 5 in 28 
days and, d) 830 cGy times 4 in 20 days. 1 lesion was 
treated with 100 cGy times 2 fractions, 2 lesions were 
treated with 900 cGy times 3 fractions, and 5 lesions were 
treated with 100 cGy times 3 fractions. Several anatomical 
areas were treated and included lesions involving the eyes, 
nose, skin, subcutaneous area and lung. Equipment used 
included 180 kV x-ray machine with 0.5 mm copper filter, 
cobalt 60 teletherapy unit, and 4 MeV linear accelerator 
with electron beams ranging from 7 MeV to 28 MeV. 

Lesions larger than 2 cm were treated with a 
combination of radiation therapy followed by 60 minutes of 
local heat. Heat treatments were given with either a 433 
MHz unit, a 915 MHz unit, or a 2450 MHz unit. 

Intratumor temperatures were measured with a minimum of 
one probe per lesion; in some lesions up to four probes were 
used. Several thermometry systems were used such as Bailey 
instruments, Vitek, and lately, the fiberoptic system 
provided by Clini-therm. Hyperthermia was started no later 
than one-half hour after radiation therapy for one hour. 
The intratumor temperatures varied from 39.8 degrees C to 
43.2 degrees C. This temperature was reached normally 
within ten minutes. In some cases a skin cooling device was 
used. In two patients the treatments were interrupted, one 
due to a thermal lesion and another by the patient's 
request. 

RESULTS 

Two lesions in one patient received only two 
treatments; both lesions failed treatment. Five lesions in 
one patient were treated with heat alone, with five out of 
five having objective response. Both of the above patients 
were excluded from this study. 181 lesions in 90 patients 
were evaluated in this study. 

124 lesions, because of location or size being less 
than 2 cm, were treated \~ith radiation alone. 57 lesions 
were treated with radiation with doses greater than 400 cGy 
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RADIA TION ALONE 47 MEASURABLE LESIONS 

o Complete response 

[J Partial response 

• No response 

o 

Fig. 3. Radiation Alone 47 Measurable Lesions 
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Fig. 4. Radiatton Plus Hyperthermia 16 Noncutaneous Lesions 
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and one hour of hyperthermiajthe results being 70% CR and 
90% or 47 of the 57 lesions were treated with radiation with 
doses greater than 400 cGy and one hour of hyperthermia 
the results being 77% CR and 100% OR. Two lesions failed 
radiation therapy alone and were treated a second time with 
the same dose of radiation and hyperthermia. The lesions 
were controlled for six and eight months until the patients 
died of widesoread disease. There was no unusual skin 
reaction in those patients( Tables 1 and 2) 

, 

Table (1) 

RESPONSE'TO CUTANEOUS 
MALIGNANT MELANOMA TO X-RAY THERAPY 

<400 cGy Fractionation >400 cGy Fractionation 

Authors II of Lesions 

Hornsey 57 

Overgaard 17 

*Overgaard 

Lobo 21 

Haberma1z 110 

Doss 32 

Strauss 45 

Kim (R) 19 

Kim (R +~) 16 

Present 
Series(R +~) 10 

Present 
Series (R) 47 

CR = Complete Response 
OR = Objective Response 

CR% OR% II of Lesions 

39 
I 

65 37 

6 35 32 

33 

52 67 

32 54 111 

28 39 9 

38 36 

32 35 

56 29 

70 90 47 

34 62 77 

*Based on extrapolation of data on 618 patients. 
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54 81 

34 81 

59 

45 83 

67 67 

88 

54 

76 

77 100 

62 95 , 



Table 2 

RESULT OF TREATMENT OF MALIGNANT MELANOMA 
(RADIATION AND HYPERTHERMIA) 

(400 cGy > 400 cGy 

Response X X + X X + 

34% 70% 63% 77% 
CR 16/47 7/10 48/77 36/47 

OR (CR+PR) 62% 90% 95% 100% 
29/47 9/10 73/77 47/47 

R + ~ 41 CUTANEOUS LESIONS 

o Complete response 

o Partial response 

• No response 

o 

total 

59% 
107/181 

87% 
158/181 

Fig. 5. Radiation Plus Hyperthermia 41 Cutaneous Lesions 
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DISCUSSION 

Based on laboratory, animal and clinical studies, there 
has been support for the use of large fractionation in 
treatment of malignant melanomas. (5, 9, 29, 30, 32, 33) 
With the adjunctive use of hyperthermia, a dose less than 
400 cGy per fraction of radiation can be given and it is 
expected to produce a gain over radiation alone. This 
regimen may be used when large fractions of radiation cannot 
be given, such as to the spinal cord, central nervous 
system, or abdomen. It seems the thermal gain factor of 
hyperthermia is not so pronounced when using a dose greater 
than 400 cGy per fraction of radiation therapy, but the 
result is not inferior to the radiation therapy alone. 
Furthermore, hyperthermia appears to make it possible to 
give an additional course of radiation therapy. 

Table 3-4 Shows distribution of response in 124 lesions 
treated radiation alone notice high distribution response 
with higher fraction not related to total dose. 

Table 5 Shows there is no apparent relation between the 
tumor volume and response time. 

Table 6-7 Shows distribution of response in 57 lesions. 
All except one responded to treatment even though the 

response distribution is higher with high fraction, but 
there is no definite pattern in regard to 
fractionalation. 

Table 8 
the size 
treatment 
once a 
day. 

As in x-ray alone, there is no relation between 
of lesion and time to respond.Pictures Portal 
with same total dose (830 x 4 cGy) 1 & 2 (1) 
week and same dose in (2) two fractions a 

Due to use of different thermometry equipment, 
correlation between thermal dose and response to treatment 
was not made. The long term effect of this fractionation 
has not been studied in detail. We also have observed that 
patients treated with a split course of radiation therapy 
with a four hour interval in large fraction regimens 
tolerate radiation therapy better than those treated by a 
single fraction, without losing the effect of tumor control 
(Pictures 1 and 2). A randomized study on effects of 
radiation plus heat, and split courses versus single 
fractionation, is recommended. 

SUMMARY 

1. Malignant melanoma lesions can be treated effectively 
with larqe fractions of radiation. 
2. In -areas that large fractions of radiation cannot be 
given, small fractions plus hyperthermia offers equally good 
results. 
3. A large single fraction of radiation can be split into 
two fractions with a four hour interval with no adverse 
effect on control of the tumor and with better normal tissue 
tolerance. 
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R + A 41 MEASURABLE LESIONS 

o Complete response 

[;j Partial response 

• No response 

o 

Fig. 6. Radiation Plus Hyperthermia 41 Measurable Lesions 

541 



Pictures 1 and 2 
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CLINICAL RELEVANCE OF HEAT SHOCK PROTEINS 
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THE HEAT SHOCK RESPONSE AND THE HEAT SHOCK PROTEINS 

A sudden increase of the physiological temperature (heat 
shock) elicits in cells a specific sequence of biochemical 
events designated. on the whole, as "heat shock response" 1 • 
Since this response occurs whenever the cells are exposed to 
adverse, stressing. conditions this behaviour is also generi
cally referred to as stress response. 

A relevant phenomenon. characterizing the heat shock 
response, is a transient modification of the gene expression 
pattern. Such a changeover. which involves regulatory mecha
nisms. acting both at transcriptional and at translational 
level, leads to a selective increase in the synthesis of a 
restricted goup of proteins, called Heat Shock Proteins 
(HSPs) or Stress Proteins (SPs) . 

One of the main features of these proteins is their high 
degree of conservativity. as shown by the structural homology 
among each group of SPs synthesized in different cells. both 
of prokaryotic and eukaryotic type as well as of invertebrate 
and vertebrate origin. It is also notewhorthy that different, 
unrelated. stressing agents, such as ethanol. arsenite, metals, 
aminoacid analogues, induce the synthesis of identical SPs. 

The HSPs are classified into three groups, on the basis 
of their molecular weights: 

1) High molecular weight group. The major constituent of 
this group is the 90 KDa HSP: this protein is synthetized at 
rather high levels in normal unstressed cells. but its 
synthesis appreciably increases after exposure to stress. 

2) 70-72 KDa group. This set includes several structural
ly related proteins with slight differences in their isoelec
tric points. and with different regulation. The so-called 
heat shock cognate proteins are constitutively expressed and 
their relative rate of synthesis is only moderately increased. 
or even unaffected. by exposure to stress. Other proteins of 
this group. undetectable in unstressed cells. become a major 
product of synthesis following stress exposure. 

3) Low molecular weight group. It is a very hetero
geneous one among the various organisms. In Drosophila. there 
are four related species. ranging in size from approximately 
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22 to 30 KDa. In yeast. chicken and mammalian cells. however. 
only one protein species of 28 KDa can be observed. This 
28 KDa HSP may be resolved into several isoforms. some of 
which are phosphorylated. 

Fig. 1 shows the l-D/SDS-PAGE pattern of the proteins 
synthesized in a human melanoma cell line before and after a 
hyperthermic exposure at 42°C. for 1 hr. By comparing the two 
lanes. the first one corresponding to the unstressed cells 
(lane 1) and the other corresponding to the heated cells (lane 
2). the presence of the three above-mentioned HSPs is clearly 
apparent. 
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Fig. lOne dimension (SDS-PAGE) analysis of labelled 
proteins synthesized in M~10 human melanoma 
cells. 
LANE 1: Control cells. maintained and labelled 
at 37°C. 
LANE 2: Heat-shocked cells. incubated at 42 ·C 
for 1 hr. returned to 37 ·C for 1 hr and then 
labelled. 
Labelling was performed by replacing culture 
medium with 1 ml of leucin~-free MEM. sup
plemented with 100 pCi of 3H-Ieucine (142 
Ci/mMole). After 60 min of incorporation, mono
layers were washed with ice-cold Hanks' buffer 
and cells were scraped in a detergent-contai
ning buffer. Cell lysates were clarified by 
centrifugation and used for polyacrylamide gel 
electrophoresis in the presence of SDS. accor
ding to Laemmli 2 • The protein markers used to 
calibrate the relative mobilities in the gel are 
reported on the right side of the figure. The 
arrows indicate the three main groups of HSPs. 



In 2-D gel electrophoresis (Fig. 2) the 70 KDa HSP 
resolves into a cluster of radioactive spots with similar 
molecular weights but with different I.P. A magnified picture 
of this cluster of proteins is shown in the insert on the 
right side of the fluorographs: the different constitutive 
level of synthesis and the different heat inducibility of the 
HSPs belonging to the 70 KDa group can be easily appreciated. 
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Fig. 2 Two-dimension (IF/SDS-PAGE) analysis of pulse
labelled proteins synthesized in M-10 human 
melanoma cells. 
Upper panel: Control cell~. maintained and 
labelled at 37 ·C. 
Lower panel: Heat-shocked cells, incubated at 
42 °C for 1 hr. returned to 37·C for 1 hr 
and then labelled. 
Labelling was performed by replacing culture 
medium with 1 ml of methionine-free MEM 6upple
mented with 100 pCi of 35S-methionine (1220 
Ci/mMole). Cell lysates were analyzed by a 
two-dimension (IF/SDS-PAGE) separat1-on technique, 
carried out according to O' Farrel. The posi
tions of the protein markers used to calibrate 
the relative mobilities in the second dimension 
polyacrylamide gels are reported on the left 
side of the figure. The arrows point to the 70 
KDa HSPs group. Inserts (upper right corner) 
represent a magnification of the region indi
cated by the arrows. A.B.C.D.E and F refer to 
individual spots, corresponding to different 
proteins belonging to the 70 KDa HSP group. 
(From Ferrini and a1. 4 with permission) 
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The fact that the HSP are highly conserved in the whole 
animal kingdom indicates that these proteins play a key role 
in the cellular viability. However. in spite of the great 
amount of experimental works carried out on this matter. the 
biological functions of HSPs (both of those constitutively 
expressed and of the stress-induced ones) are still undefined. 
It has been found. however. that some HSPs specifically bind 
themselves with other proteins. This behaviour has been demon
strated for the 90 KDa HSP. which is able to bind with some 
retrovirus-coded transforming proteins and with estrogen 
receptors. As for the 70 KDa HSP. it has been observed an 
association with actin. fatty acids and with small molecules 
like ATP. The significance of these specific interactions. 
however. is still unclear. 

Studies performed both in vivo and in vitro demonstrated 
that the cells which survive a sub-lethal hyperthermic exposu
re acquire the capacity of withstanding a subsequent. other
wise lethal. heat challenge: this transient state of decreased 
thermosensitivity is defined as thermotolerance. On the basis 
of several experimental evidences. it has been suggested that 
the induction of HSFs synthesis is the crucial event trigge
ring the onset of thermotolerance. According to this hypothe
sis. the prominent biological function of HSPs is to protect 
intracellular target/Sf critical for cell survival. against 
heat-induced damages. thus increasing the cell resistance to 
heat Cytotoxicity. 

The thermotolerance represent a serious obstacle in the 
clinical applications of hyperthermia. either when this treat
ment is applied in fractionated doses or when the hyperthermia 
is administored for an extended period of time. The possible 
involvement of HSPs in the acquisition of thermotolerance. 
therefore. is both of biological and of clinical interest. 

The current literature data and the researches performed 
on this subject in our laboratory will be presented herein. 
with emphasis on the possible clinical use of the experimental 
results. 

COINCIDENCE BETWEEN 
THERMOTOLERANCE 

liSPs INDUCTION AND DEVELOPMENT OF 

The hypothesis of a correlation between HSPs synthesis 
and thermotolerance is supported by the finding that both the 
induction and the repression of HSPs synthesis are coinci
dent. respectively. with the development and the decay of 
thermotolerance 5,s • Parallel changes between the rate of HSPs 
synthesis and the resistance to heat cytotoxicity have been 
also documented during the embryonic development of XenQPous. 7 
Sea UrchinS· and Drosophila 9. 

It is notewhorthy that the thermotolerance can develop 
not only after the heat treatment but also after the exposure 
to other stressing agents able to induce an enhanced SPs 
synthesis. This positive correlation has been verified in a 
large number of different and completely unrelated agents. 
including ethanol. heavy metals and inhibitors of energetic 
metabolism10 • 

In some cases. however. the association between the in
duction of SPs and the onset of thermotolerance does not 
seem to occur. As demonstrated by Landry and Chretien11 , cultu
red Morris epatoma cells exposed to sodium arsenite do not 
develop any thermotolerance. even if this drug is an 
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efficient inducer of SPs. On the contrary, it was found that 
cells treated with 2,4-dinitrophenol becomp. thermotolerant, 
even if this compound does not induce SPs synthesis12 Moreo
ver, Li and Laszlo13 found that Chinese hamster fibroblasts 
treated with canavanine (an aminoacid analogue of arginine) 
actively synthetize HSPe: nevertheless these cells, instead 
of develolJing any thermotolerance, become very sensitive to a 
subsequent heat challenge. In this case the incorporation of 
the analogue into newly synthetized proteins ~s responsible 
for the synthesis of altered proteins, including the SPs, 
unable to perform their specific functions. 

To obtain more compelling evidences for a cause-effect 
~elationship between SPs synthesis and thermotolerance, a 
number of experiments has been performed to ascertain whether 
the thermotolerance could be expressed when the production of 
HSPs was impaired or fully suppressed. In procaryotes, it has 
been found that the expression of the thermotolerance re
quires the protein synthesis; in eukaryotic cells, instead, 
several data indicate that the inhibition of the protein 
synthesis by cycloeximide or by puromycin does not hamper 
cell's ability to develop thermotolerance 14 , 

INTRACELLULAR LEVEL OF HSPs AND THERMOTOLERANCE 

The aim of the above discussed researches was to verify 
the correlation, or the lack of correlation, between the 
stress-promoted increase in the rate of SPs synthesis and the 
development of thermotolerance. In other studies, however, 
attention has been focused on the intracellular concentration 
of HSPs. In fact, it is conceivable that the intrinsic heat
sensitivity of a given cell (that is its own thermoresistan
ce, in absence of any stress) may be correlated with the 
intracellular content of the constitutively expressed HSPs, 
while the increased transient resistance against heat (that is 
the acquired thermotolerance) develops when the intracellular 
concentration of these proteins suddendly increases, 

The available experimental data, however, are still 
contradictory, In some heat-resistant variants of hamster 
ovary cel13 the constitutive level of HSPs appears to be much 
higher than in the parental strain 15, By contrast, in other 
cell lines adapted to grow at supranormal temperatures the in
tracellular content of HSPs is not different from that measu
red in the respective original strains, growing at 37 GC 16 . 
In mouse embryo cells transformed by SV-40 the amount of the 
constitutively expressed HSPs is higher than that observed in 
untransformed cells; besides, their rate of synthesis can be 
further stimulated by exposure to heat. Nevertheless, these 
virus-transformed cells are more sensitive to heat and 
develops a reduced degree of thermotolerance in comparison 
with the untransformed ones 17 

The relationship between the cell survival after exposure 
to heat and the intracellular level of individual HSPs has 
been carefully studied by Li and Mak in Chinese hamster ovary 
cells 18 . It was found that the intracellular concentration 
of the 70 KDa HSP progressively increases during development 
of the thermotolerance, attains a plateau when the thermotole
rance reaches its maximum value, then slowly decreases to the 
basal level, along with a reduction of the thermotolerance. 
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CELLS UNABLE TO EXPRESS HSPs DO NOT DEVELOP ANY THERMOTOLERANCE 

In the course of a comparative study performed in our 
laboratory on several murine tumors, we found that an Ehrlich 
tumor and an MC sarcoma were unable to express HSPs both in 
response to heat and after treatment with a number of stres
aing agents. This finding prompted us to ascertain whether the 
two ascitic tumors were also unable to develop any thermoto
lerance. For this purpose, the cells collected from tumor
bearing mice were divided into four groups and treated as 
follows: 
1) Cells maintained at 37°C (controls) 
2) Cells exposed at 42 °C for 1 hr (conditioning treatment') 

challenge) 
37 °C for 2 

3) Cells exposed at 45°C for 30 min (hyperthermic 
4) Cells treated at 42 °C for 1 hr, returned to 
hrs and then further exposed at 45°C for 30 min. 

l00'r-----------~--~~ 

10 20 30 40 50 
Days 

Fig. 3 Death rate of mice inoculated i.p. with an 
IISPs-producing tumor (sarcoma 180) 

100 

~_--1 ___ 

10 20 30 40 50 3 MONTHS 

Days 

Fig. 4 Death rate of mice inoculated i.p. with an 
HSPs-unresponsive tumor (MC sarcoma). 
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Before beeing reinoculated into the 
animals, tumor cells were treated as 

• -- No treatment, cells maintained at 
0-- Incubation at 42°C for 1 hr. 

recipient 
follows: 
37°C . 

*-- Incubation at 45°C for 15 min. 
0-- Incubation at 42 °C for 1 hr and, 2 

later, at 45°C for 15 min. 
Ten animals were used for each experimental 
(From Mattei and a1. 19 with permission). 

hrs 

group. 



Following these treaments the cells weri re-inoculated 
into the abdomen of the recipient mice (lxl0 cells/animal), 
using 10 animals for each experimental group. Parallel experi
ments were carried out with other murine tumors in which the 
ability to synthetize SPs was preliminary ascertained. 

On the basis of the death rates, as reported in Figures 
3 and 4, it appears that the behavior of unresponsive tumor 
cells is very different from that observed in the HSPs-produ
cing ones. In the latter case, when the animals were re
inoculated with cells first conditioned by a mild hyperther
mic exposure and then subjected to a 45°C challenge, their 
death rate was significantly higher than that of the animals 
inoculated with cells treated at 45 °C only (Fig 3). There
fore, the exposure at 42°C, which promotes in these tumors 
an enhanced synthesis of HSps, induces °also a thermotolerant 
state, able to reduce the effect of the subsequent hyperther
mic challenge. On the contrary, it appears (Fig. 4) that 
about 30% of the MC sarcoma-bearing mice were still alive UP 
to three months after the inoculation with cells treated first 
at 42°C for 1 hr and then at 45°C for 30 min. Since these 
values exceed those found in mice inoculated with cells solely 
treated at 45 °C, it is evident that the damaging effects 
exerted by the two hyperthermic treatments were summing up in 
HSP-unresponsive cells. The MC sarcoma cells, therefore, ap
pear to be both unresponsive for lISPs induction and unable to 
elicit thermotolerance. 

In agreement with these data, other Authors demonstrated 
that, both in bacteria and in yeast, mutants unable to syn
thesize the 70 KDa HSP in res~onse to stress are also unable 
to develop any thermotolerance o. 

THERMOTOLERANCE, HSPs SYNTHESIS AND SOD ACTIVITY 

Experiments were also performed to study a possible re
lationshp among HSPs synthesis, induction of thermotolerance 
and activity of the enzyme superoxide dismutase (SOD). This 
research has been undertaken because it has been recently 
demonstrated that an exposure to stressing conditions gives 
rise to harmful Buperoxide radicals, responsible for lipids 
peroxidation, enzymes degradation, DNA damage and production 
of other reactive species 21 • In eukaryotic cells, these 
superoxide radicals are inactivated by a SOD-catalyzed reac
tion, which converts them into hydrogen peroxide. Some expe
rimental data suggest that the ability of a given cell to 
inactivate the stress-generated r~9icals may be crucial for 
its survival in adverse conditions . 

Experiments were carried out in our laboratory by submit
ting cultured human melanoma cells to three different well
known stressing conditions: 1) Exposure to a supranormal 
temperature 2) Treatment with oanavanine ( aminoacid analogue 
of arginine) 3) Treatment with disulfiram (an inhibitor of 
metal and disulphide-dependent enzymes, like SOD). Preliminar
ly, we demonstrated that all these treatments were able to 
induce in this cell line a full complement of HSPs. After
wards, the experimental conditions (dosage, exposure time 
and reincubation either at normal temperature or in drug-free 
medium) were carefully adjusted in order to obtain nearly 
equivalent intracellular amounts of HSPs in the cells treated 
with these three stressing agents. Following the stressing 
treatments, cells were both assayed for SOD activity and 
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subjected to an hyperthermic challenge. in order to check the 
onset of the thermotolerance. 

It was observed (see Fig. 5) that the heat-treated cells 
(1 hr at 42°C plua 2 hrs of reincubation at 37°C) became 
thermotolerant and increase their SOD activity up to 30% of 
the controls. In cells incubated with canavanine (0,3 mM. 18 
hrs of treatment without any further incubation in drug-free 
medium) the level of SOD activity was practically unmodified 
in respect to controls. but the cells were not only unable to 
express any thermotolerance but they also become extremely 
heat-sensitive. In disulphiram-treated cells ( 2.5 mM. 1 hr of 
treatment followed by 2 hra of reincubation in drug-free 
medium) the SOD activity was severely reduced (-40%) in 
comparison with contro13. while the thermosensitivity was 
unmodified. 

Therefore no correlation can be demonstrated among HSPs 
induction. SOD activity and development of thermotolerance. 

CONCLUSIONS 

At the present time it is difficult to d.raw any definite 
conclusions from these confusing and often contradictory expe
rimental data. Since the thermotolerance can be expressed 
either under conditions in which HSPs synt.hesis i8 substan
tially impaired or when HSP6 are overexpressed t.he con
clusion 16 that an enhanced HSPs synthesis is neither a suf
ficient nor a necessary condition for the induction of the 
thermo tolerance 23. 

A different approach to this problem has been recently 
proP06ed by Van Wijk' s group. According to these Authors 4 • 
the thermotolerance can be divided in two different states : 
A and B. A corresponds to a transient. fast response that 
develops without any de novo protein synthesis. B is referred 
to a long-term response developing in coincidence with an 
in..::reased rate of lISPs synthesis and. consequently. to a rise 
of HSPs intracellular level. A is mainly induced by mild 
hyperthermic treatments. while B occurs after a severe expo-
3ure to heat. These two different responses. however. do not 
exclude each other. On the contrary. in some instances the 
response occurring after a stressing treatment becomes a com
bination of both A and B states. If further experiments will 
support this model. all the data concerning the relationship 
between the HSP induction and the thermotolerance should be 
reconsidered and in some way reconciled. 

From a theoretical point of view the possibility of 
either developing the thermotolerance in absence of HSPs syn
thesis or of inducing HSPs synthesis without developing any 
thermotolerance is very interesting. However. it must be poin
ted out that in practise the thermo tolerance and the HSPs 
synthesis arc very frequently coincident and that this fact 
may be of clInical relevance. As a matter of fact a comparison 
of the relative rates of HSPs synthesis before and after a 
hyperthermic treatment may be useful for evaluating its 
effectiveness. Moreover. as it has been suggested by Li. the 
intracellular level of the 70 liSP might be assumed as a 
"pr~dlctor" of the thermal sensitivity. monitoring the onset 
and the subsequent decrease of the thermotolerance 18 . On this 
basis. reliable protocols for fractionated hyperthermic treat
ments might be drawn up. However the in vivo measurements 
both of the rate of HSPa synthesis and of the HSPs 
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SOD activity 

80 

Reslstsnce towards heat challenge 

80 

Fig. 5 Comparative evaluation of superoxide dismutase 
activity and of thermotolerance induction in 
M-14 human melanoma cells subjected to diffe
rent stressing treatments. 
Couples of culture flasks were treated as fol
lows: 

~- Exposure at 42°C for 1 hr. followed by a two 
hrs recovery at 37°C. 

m'il l!f!l- Exposure 
followed 
medium . 

to 2.5 mM disulfiram. for 1 hr, 
by 2 hrs of recovery in drug-free 

• - Expoi3ure to 0.3 mM canavanine. for 18 hrs. 

0- No treatment. control cells. 

After receiving the appropriate treatment. one 
flask of each experimental group was immediate
ly processed for determining the SOD activity . 
The assay was performed by the indirect inhi
bitory test based on the reduction of nitro
bluetetrazole. in the presence of a i3uperoxide
generator system (Loven and al.~). The other 
flask was further Bubjected to a hyperthermic 
challenge and the oncet of thermotolerance was 
a~sayed by the colony-forming assay. 
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intracellular levels have been carried out only in experimen
tal models with radioactive labelling, a procedure that is 
very dangerous and difficult in the clinical practice. A 
development of new methods allowing fast and harmless determi
nation of such parameters would be of relevant medical 
interest. 
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