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FOREWORD

Recently, as a result of the longer life-span expectancy of people and of environmental con-
tamination, cancer incidence throughout the world has been increasing also in developing countries.
Today, radiation is effectively used in cancer therapy. It has been applied to approximately 50%
of all cancer cases and has proven to be a method with a certain extent of cure rate yield in the
initial stage and even in the advanced stage. Especially the combination of radiation with surgery
or chemicals has the potential to become a very powerful tool.

Nevertheless, basic radiobiological research has led to the knowledge of the presence of
hypoxic cells in many malignant tumors, which may be a limitation to curability by conventional
radiations, such as X-rays or y-rays. In radiotherapy of cancer, it is very important to know how
to kill the hypoxic cells and how to increase the therapeutic gain between tumor control and
normal tissue damage. For example, in principle, high-LET radiations can most effectively destroy
the hypoxic cells deeply embedded in the tumor. However, the giant accelerators and generators
for producing high-LET radiation may prove too expensive and too sophisticated technically
mainly for the developing countries. Under these circumstances, radioprotective and hypoxic cell
sensitizers or other possible modalities should be considered. The objective of this Seminar was to
provide an opportunity for radiobiologists and radiotherapists, particularly from the developing
Member States, to acquaint themselves with the latest advances and to help stimulate research in
their application of radiotherapy in cancer.

The Seminar was convened by the IAEA and WHO, in co-operation with the Government of
Japan, in Kyoto, Japan, from 31 August to 4 September 1981. It was attended by approximately
125 participants from 32 countries (7 industrial and 25 developing countries). The Seminar
consisted of 23 invited lectures, 3 special lectures, 28 short oral presentations and 25 poster
presentations. Unfortunately, this document contains only the papers presented by the lecturers.
However, for those who have interest in the other papers, the titles of the oral and poster
presentations are also included.

The IAEA gratefully acknowledges the assistance and co-operation of the Local Committee,
and particularly the Kyoto University and the National Kyoto Hospital, headed by Professor
T. Sugahara, for acting as hosts and for providing financial support for some of the lecturers, as
well as for the excellent facilities that contributed so much to the successful outcome of the
meeting. It is hoped that this TECDOC will serve as a source of valuable information for scientific
and clinical personnel in radiation therapy.
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Session I

INTRODUCTION TO THE SEMINAR

PROSPECTIVE METHODS OF RADIATION THERAPY IN DEVELOPING COUNTRIES

E.J. HALL
Radiological Research Laboratory,
Department of Radiology,
Cancer Center/Institute of Cancer Research,
Columbia University,
New York, NY, United States of America

ABSTRACT

Physicists and engineers have made substantial contribu-tions to radiotherapy from the outset. The contribution of the
radiobiologist came later, and has only recently affected
clinical practice. The input of the chemist is the most re-
cent.

A variety of new approaches have been suggested and are
in various stages of implementation. High LET radiations were
based initially on the premise that a lower oxygen effect
would be advantageous. Charged particles offer the added
bonus of an improved dose distribution. This solution, if it
proves to be of value, must necessarily be expensive; for this
reason heavy particles are likely to be restricted to alimited number of centers in the so-called developed countries.
Also falling into the category of high technology solutions is
intraoperative radiotherapy, which promises dramatic results
in a limited number of cases, but at enormous cost.

The introduction of radiosensitizers and protectors re-
sults directly from the input of the radiation chemist. Fordifferent reasons, sensitizers and protectors seek to exploit
and exaggerate a differential sensitivity between normal
tissues and tumors. The introduction of one or another, or
possibly a combination of both, must surely be the biggest hope
for a significant immediate advance in the effectiveness of
beam therapy in the developing countries.

Localized hyperthermia offers the prospect of a big ad-vantage but poses unsolved technical problems. For reasons
not fully understood, hyperthermia appears to offer the longsought after differential effect between tumors and normaltissue; but the exploitation of this potential advantage ishamstrung by serious conceptual problems in producing
localized regions of heat at a depth in the human. The
potential is limitless, in combination with radiation and
chemotherapy agents, but the inspired input of the physicist
and engineer was never needed more.

Meanwhile, the teaching of the basic skills of radio-
therapy, including interstitial implants, is likely to pay
the biggest dividends in the developing countries. Implant
techniques have become a lost art, and many radiotherapists
could be trained for the cost of one heavy particle accelerator.

*This investigation was supported by Contract DE-AC02-
78EV04733 from the Department of Energy and by Grant No. CA-12536 to the Radiological Research Laboratory/Department of
Radiology, and by Grant No. CA-13696 to the Cancer Center/Institute of Cancer Research, awarded by the National Cancer
Institute, DHHS.



Lastly, the relative safety of agents and modalities used totreat cancer must be appreciated in terms of their potentialto produce second malignancies in patients that survive forsignificant periods of time. Radiation is a relative weak
carcinogen, and this is borne out in the low incidence of
second tumors in patients treated by x-rays. By contrast manychemotherapy agents are potent carcinogens. Misonidazole and
other hypoxic cell sensitizers are carcinogens too, but weaklyso, while hyperthermia appears to be completely safe in thisrespect.
NEW MODALITIES

In the field of radiation therapy physicists and engineers
have made contributions from the outset. The quantification ofdose, the development of higher energy machines with more ade-quate depth doses and sharper edges to the beam, have
directly paralleled the improvement in cure rates of cancer inthe human. The contribution of the radiobiologist came at a
later date, impacting first upon the thinking and philosophy
of the radiotherapist, and only recently affecting the clinicalpractice of radiotherapy. The contribution of the chemist is
the most recent and most specific.

Historically, the presumed shortcomings of currentpractices and modalities in radiation therapy have concernedprincipally the large oxygen effect associated with sparsely
ionizing radiations on the one hand, and the limitation of
dose distribution on the other hand. As major new modalities,
heavy charged particles compete directly with neutrons as wellas with hypoxic cell radiosensitizers to overcome these
limitations. The extent to which this competition is simple
and direct, or complex and indirect, is illustrated in Figure
1. The rationale for hypoxic cell sensitizers is based entire-ly on their ability to increase the radiosensitivity of hypoxiccells which otherwise may be intransigent to killing by x-rays.The original rationale for neutrons was also based on the
oxygen effect, inasmuch as the cell killing effect of neutronsis less dependent on the presence or absence of molecularoxygen than is the case for x-rays. However, neutrons differfrom x-rays in other ways too, including the amount of sub-lethal damage they produce; this may constitute an advantageor disadvantage for neutrons, depending on whether normal or
tumor cells are more efficient at repairing sublethal damage.In addition, the age response function, i.e., the variation ofcellular radiosensitivity for various phases of the cell cycle,is less for neutrons than for x-rays, but there is no generalagreement as to whether or not this constitutes a significantadvantage. The various charged particles address differentproblems too. Protons offer the possibility of a greatly im-proved dose distribution, while exhibiting biological proper-
ties that are indistinguishable from conventional x-rays
(helium ions are essentially similar to protons). By contrast,pions and heavy ions are characterized by a reduced oxygen
effect, reduced repair of sublethal damage and reduced age re-sponse function, as well as a possibility of improved dose
localization.

The introduction of radiosensitizers and protectors re-
sulted directly from the input of the radiation chemist. The
use of one or another, or possibly some combination of both,must be a major hope for a significant advance in the results
of conventional beam radiotherapy. Both sensitizers and pro-
tectors seek to exploit a differential between normal and tumor
tissue. Sensitizers seek to increase the radiation effect on asub-population of tumor cells while not affecting the response
of normal tissues; by contrast radioprotectors seek to reducethe impact of radiation damage to normal tissues while having
no significant effect on the response of tumor cells. Becauseof the way in which these various compounds act, and becausethe dose limiting normal tissues are different, a logical



argument can be made for combining sensitizers and protectors
to achieve the maximum benefit from both. This must surely bea major area for exploitation in the future in developingcountries. The use of the chemical modification of radiation
response has a particular significance and importance incircumstances where existing facilities are hard pressed to
cope with the patient load. The addition of radiosensitizers
tends to remove the differential sensitivity between aeratedand hypoxic cells, and makes it less critical for the thera-peutic regimen to consist of a large number of dose fractions.
Even if it turns out from the existing clinical trials that
sensitizers have little effect in improving the therapeutic
efficacy of multifraction regimens, they may still make it
possible to achieve comparable results with fewer fractions and
a shorter overall time period, and this would be a significant
advantage in the developing countries.
HYPERTHERMIA

The use of localized hyperthermia offers new and exciting
possibilities, but poses equally new and unsolved technical
problems. Hyperthermia appears to offer the long sought after
differential in response between tumors and normal tissues;
this is probably due to an increased sensitivity of tumor cells
due to reduced pH and nutritional deficiency. While the
reasons are not clearly understood, the effect is dramatic, atleast in some experimental system. The problem of localized
hyperthermia in the human involves temperature measurement and
methods of heat delivery. Ultrasound and radiofrequency
clearly have their limitations; never was a new idea needed
more!
INTERSTITIAL IMPLANTS

Meanwhile, the development and dissemination of the basic
skills of radiotherapy are likely to pay the highest dividends
in the developing countries. This must include the use of
interstitial implants.

Interstitial radiotherapy has been an neglected art for
many years, but has undergone a major renaissance in recent
times due to the development of afterloading techniques and
the availability of more suitable radioactive isotopes such as
Iridium-192 and Iodine-125. It has often been said that
interstitial implants represent the treatment of choice "par
excellence" in any situation where they are feasible. It is
difficult to account for the superiority of implants over a
multifraction beam therapy regimen on any known radiobiological
principles, except the concentration of dose involved which
leads to a greater cellular depopulation. Making a fewreasonable assumptions, it is possible to calculate the
fraction of cells surviving in the target volume treated by an
Iridium-192 implant, and compare it with fraction of cells
that would survive a multifraction regimen. The values for the
surviving fractions are 3.3 x 1Q-8 and 2.4 x 10-6 for the im-
plant and beam therapy regimen respectively, for the same
nominal prescribed dose of 6000 rad. The critical difference,
of course, is that the prescribed dose in the case of the im-
plant is in a plane of 0.5 cm from the radioactive sources,
while much of the target volume receives considerably more
radiation. Figure 2 shows the relation between cell surviving
fraction and nominal dose for an implant, or number of 200 rad
fractions for beam therapy. Small wonder then that implants
represent the treatment of choice "par excellence" in any
situation where they are feasible and practical; because of the
localized nature of the non-uniform dose distribution, much
higher absorbed doses can be delivered, and consequently alower cell survival achieved.

A major development in recent years has been the avail-
ability of Iodine-125 seeds for permanent implants. A typical
implant of Iodine-125 seeds is characterized by a dose rate of
only 7.67 rad/hr on the surface of the implant, and this decays



with a half-life of about 60 days. It can be calculated from
the physical and biological data, that the fraction of cells
surviving at the end of one half-life of the isotope, by which
time P. dose of 8000 rad will have been delivered, is of the
order of 10"11. This again illustrates the low levels of cell
depopulation characteristic of implants where very localized
irradiations are given. Since dose is delivered over a long
time period, the efficacy of a Iodine-125 implant is intimately
associated with the cell cycle of the tumor cells involved.
Estimates of the cell cycle time in human tumors indicate a
range between 1 and 5 days. Figure 3 shows the effect of cell
division on the fraction of cells surviving irradiation with
the iodine for one half-life (60 days), starting from an
initial dose rate of 7.67 rad/hr. It is evident that in cases
where the cell cycle time is relatively long, cell depopulation
by an Iodine-125 implant is lower than with a conventional beam
therapy treatment, but this is not the case where the cell
cycle time is short. It might be predicted, therefore, that
the efficacy of permanent Iodine-125 implants would vary
dramatically with different tumor types, being highly
effective in slow growing tumors and ineffective in rapidly
growing tumors.
THE RELATIVE SAFETY OF NEW FORMS OF TREATMENT.

As a multiplicity of new modalities and adjuncts are
added to the armamentarium of the radiotherapist, it is ex-
pedient to consider the relative safety of these various
methodologies.This is particularly appropriate and important
at the present time, as it becomes increasingly clear that the
price of success in the treatment of Hodgkin's Disease with a
combination of radiation and chemotherapy is an appreciable
incidence of leukemia induced by the initial treatment. To
this end, one of the interests in our laboratory has been to
use in vitro oncogenic transformation assay systems to compare
the potential carcinogenicity of radiation with hypoxic cell
radiosensitizers, hyperthermia, and chemotherapy agents. The
results are shown in Figure 4. Radiation is a known and
proven carcinogen, but weakly so. The hypoxic cell radio-
sensitizers are also relatively innocuous compared with many
commonly used chemotherapy agents. It should also be said in
this context that hyperthermia has never been shown to produce
any transformed clones whatsoever. Where there is a choice of
modalities that are equally effective in the treatment of the
initial tumor, it is obviously important to choose those that
minimize the risk of producing second malignancies.
CONCLUSION

If we liken the ultimate goal, an improvement in the
clinical management and cure-rate of human cancer, to digging
a tunnel through a mountain, we have a situation illustrated
in Figure 5. There are two teams of researchers working from
opposite ends of the tunnel. On the one hand there are the
laboratory researchers, able to measure precisely what they are
doing, but working with systems far removed from cancer in the
human - such as bacteria, bean roots, mammalian cells in the
petri dish or transplantable tumors in synergeneic animals.
On the other hand, working from the other end of the tunnel are
the clinical researchers, using the relevant material, namely
cancer in the human, but finding it very difficult to be
quantitative since patient populations are not homogeneous nor
numerically large enough. In Figure 5 I've been optimistic and
portrayed the two groups as working towards one another, so
that eventually they will meet - but we are not really sure
that this is the case.The key effort at the present time is in the area of pro-
spective randomized clinical trials. These are portrayed in
Figure 5 as workers who have sunk a shaft and are endeavouring
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to link the results of basic research with the practice of
clinical radiotherapy. Does oxygen, so dramatic a modifier of
radiation response in laboratory systems, have any relevance
to the limitations of the curability of human cancer? Will
the nitroimidazoles, shown to sensitize in bacteria, bean
roots, mammalian cells and dozens of different mouse tumors,
show a similar dramatic improvement in the clinic? What of
neutrons - developed clinically because with bean roots they
have a low OER - will their substantial cost be justified by
improved results? And the latest contender - hyperthermia,
which makes many encapsulated mouse tumors disappear like
magic; will it have a real impact in the clinic? These
questions can only be solved in well organized randomized
clinical trials. Time will tell which of the new modalities
will turn out to be the brightest prospect for use in the
developing countries, who must view with increasing interest
the progress of the current clinical trials.

PionsorHeavy Ions

Sensitizers

Reduced
Repair

&
Age-

Response

Protons

Neutrons

LEGENDS FOR FIGURES
Figure 1: Illustrating the potential problems addressed by the
various new modalities used or proposed for clinical radio-therapy. Electron affinic radiosensitizers are based on the
need to reduce the oxygen effect; protons improved the dose
distribution; the use of neutrons is based on a reduced
oxygen effect, but a reduction of sublethal damage repair anda reduced age response function are unavoidably involved too;
pions and heavy ions result in an improved dose distributionand a slightly reduced oxygen effect, while in addition the
repair and the age response function are inevitably reduced aswell.
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Figure 2: The solid line represents the relation between the
fraction of cells surviving and the number of 200 rad dose
fractions in conventional beam therapy. Full repair of sub-
lethal damage is assumed between dose fractions, and the
fraction of cells surviving a dose of 200 rad is assumed to be
0.65. The broken line shows the relation between cell sur-
viving fraction and the dose delivered at a dose rate of 36
rad/hr, corresponding to a nominal total dose of 6000 rad in
seven days resulting from an implant. At this dose rate the
fraction of cells surviving is assumed to be an exponential
function of a DQ of 375 rad.
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rate is 7.67 rad/hr; this assumes no cell division. Thisfigure shows the effect on tumor depopulation of various
assumed cell cycle times from 1 to 5 days.
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Figure 5: The ultimate goal is to improve the cure rate ofhuman cancer by radiotherapy. Working towards this end are
laboratory investigators who suggest new approaches based on
experimental systems, and physicians working in the clinic.
Prospective randomized clinical trials represent the means to
join these efforts.
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A RADIOBIOLOGICAL APPROACH TO CANCER TREATMENT
Possible chemical and physical agents modifying radiosensitivity
in comparison with high LET radiations

T. SUGAHARA
Kyoto National Hospital,
Kyoto, Japan

A B S T R A C T

Biological characteristics of high LET radiations are summa-
rized to be low oxygen enhancemnt ratio, high RBE, low repair and
low cell cycle dependency of radiosensitivity. Various chemical
modifiers of radiosensitivity and radiological effect of hyper-
thermia are classified into these four properties. It is evident
that we have now various means to mimic high LET radiations as
far as biological response is concerned though some of them are
still in experimental stage. Among them, the means to cope with
hypoxia and repair which are assumed to be the most important
causes of radioresistance of human tumors are discussed in some
detail. It is expected that through the present seminar we would
have consensus to concentrate our effort of development for new
modifying means available and useful in developing countries.

I. Introduction

Chemotherapy has failed to find a magic bullet against cancer
after a long and expensive research effort. Though the effort
was stimulated by the success of antibiotics against microbial
infection, the reason of the failure is clear now because we have
no knowledge on the difference in metabolism between normal and
malignant cells on which chemotherapy should depend and the screen-
ings of chemotherapeutic agents have been carried out in experi-
mental tumors with rather high growth rate compared with human
tumors. On the contrary, radiobiologists could not find any
difference in cellular radiosensitivity irrespective of wellknown
Bergonie-Tribondeau1s law but found some differences in micro-
environmental conditions, which have been known to affect the
radiosensitivity of tumors such as oxygen tension, repair capacity
and cell kinetics between normal and malignant cell populations.

Recently the improvement of tumor radiotherapy by applying
high LET radiations has attracted much attention of radiotherapists
in the world since by these new modalities we can cope with the
hypoxia which makes cancer cells radioresistant. But the number
of facilities available is very much limited even in developed
countries because of very high expenditures for apparates and their
maintenance. Recent studies revealed that the biological charac-
teristics of high LET radiations which would contribute to the
improvement are not only low oxygen enhancement ratio and high
RBE but also low repair and low cell cycle dependency of radiosen-
sitivity. Recent development of radiation biology will make it
possible to mimic these characteristics by other means; i.e., by
chemical modifiers and hyperthermia.

In the present seminar, we have picked up most of these
modifiers as session topics, i.e., radioprotective agents, hypoxic
cell sensitizers, other radiosensitizers, hyperthermia and high
LET radiations. In general the comparative evaluation of these
new modalities remains to be determined, because we have not yet
developed quantitative criteria of modifying effects in view of
therapeutic gain. But through the discussions in the present
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seminar, I hope, a prospective evaluation of these various means
would be achieved in order to concentrate our effort of development
for new modifying means available and useful in developing coun-
tries.

From the apparent success of radiotherapy with high LET radia-
tion, it has been generally assumed that hypoxia, high repair, and
variation of radiosensitivity during cell cycle are the causes
of radioresistance and recurrence of radio-incurable tumors. But
we have no definite evidence which is the most important among
them or whether there is any other reason of the radioresistance.
Hypoxic cell sensitizers available now gave a significant enhance-
ment in cure rate in experimental tumors but the role of hypoxia
in radioresistance in human tumors remains to be determined because
of the limited doses available in human being due to their neuro-
toxicity. We have developed a new type of radiosensitizers, PLDR
inhibitors which give a significant enhancement in cure rate in
experimental tumors. The enhancement ratio obtained is comparable
to the hypoxic cell sensitizer, Misonidazole. The role of repair
in tumor curability in human cancer will be checked if they could
be applied in human being. If both hypoxia and high repair are
responsible to radioresistance, we could combine these two agents
to cope with the resistance.

I. An overview

The biological properties of high LET radiations may be
characterized as low oxygen enhancement ratio (OER), high relative
biological effectiveness (RBE), low repair of induced damage and
low cell cycle dependency of cellular radiosensitivity though there
have been some inconsistencies among reports on the repair [ 1 ] .
Characteristics of various chemical modifiers and hyperthermia
corresponding to these four properties are summarized in Table 1 .
Among these various agents some are in clinical use, some in
clinical trial, and some still in experimental stage. Misoni-
dazole, cordycepin, 3'-deoxyguanosine, WR-2721 and hyperthermia
will be reviewed and discussed in detail by appropriate authors
in the present seminar. BUdR is a wellknown radiosensitizer which
has a rather long history. It sensitizes all cells which incor-
porate it into DNA irrespective of normal or malignant cells.
Selectivity depends only on DNA synthetic rate.

Recently the radiosensitization in hypoxic cells by some
membrane-binding drugs has been reported. Shenoy an Singh [2] re-
ported that chlorpromazine hydrochloride radiosensitized Sarcoma
180A in Swiss mice. Yau and Kirn [ 3 ] demonstrated that local
anaesthetics such as procaine and lidocaine were hypoxic radiosen-
sitizers, oxic radioprotectors and potentiators of hyperthermic
killing in murine L-5178Y cells. In the author's laboratory,
Mitsutani and Niwa found by comparing three different cell lines
that lidocaine was radiosensitizing in hypoxic and radioprotective
in oxic L-5178Y cells as observed by Yau and Kirn, but had no
effect at all in HeLa cells and intermediate effects in L-1210
cells. The radiosensitivity and OER of these three cell lines
under their experimental conditions are shown in Table 2. The
relationship between the lidocaine effect and these properties
is not clear. The reason of the differential effect remains to
be elucidated. But there may be a possibility to elucidate the
mechanism of oxygen effects in mammalian cells and to develop a
new type of sensitizers for radiotherapy.

Sugahara with his collaborators [ 4 ] found the an adrenochrome
derivative, adrenochrome monoguanylhydrazone methansulfonate (AMM)
and a new SH compound, 2-marcaptopropionylglycine (MPG) protect
mice and man against ionizing radiation at a rather low doses
without any toxicity and suggested their clinical application.
A slight but significant radioprotection of superoxide dismutase
(SOD) were reported by Petkau et al. [5 ] and Nishidai et al. [6 ] .
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A clinical trial of SOD is now under way in Japan. Razoxan (ICRF-
159) which inhibits sublethal damage repair (SLDR) but not poten-
tially lethal damage repair (PLDR) [ 7 ] and results in G2-blockin cultured cells [ 8 ] has been reported to potentiate radiation
effects in experimental [ 9> 10 ] and human tumors [11]. In the
analysis of SLDR Elkind et al. [ 12 ] found that Actinomysin D
inhibited SLDR in Chinese hamster cells in culture. But no further
work on experimental tumors has been published yet.

Very extensive changes in radiosensitivity during cells cycle
first discovered by Terasima and Tolmach [ 13 ] may be one of the
reason of radioincurability of the tumor because radioresistant
G ! and S phase cells might survive lethal doses of radiation to
radiosensitive GtM and G2 S boundary phase cells. In vivo cell
synchronization to accumulate radiosensitive G2M phase cells has
been tried by using vincristine or vinblastine [ 14 ] • Sinclear
[15 ] reported that a radioprotective agent, cysteamine, protected
radiosensitive GI and G2M phase cells more than radiosensitive
S phase cells in Chinese hamster V79 cells in culture resulting
in a reduced variation of radiosensitivity during a cell cycle.
But, again, no further study on the application of chemical pro-
tectors to cell cycle dependency of radiosensitivity has been
reported.

At present, hyperthermia especially local hyperthermia and
hypoxic cell radiosensitizers have attracted many radiobiologists
and clinical oncologists. But as can been seen from this table,
we have now the agents which can mimic any of the biological pro-
perties of high LET radiations. Clinical success in the improve-
ment of tumor therapy by high LET radiation, if any, would be
followed by other means, more general and less expensive, with
an equivalent improvement. Before this, the agents at experimental
stage should be developed to become available in clinic. As well-
known, the agents with asterisk in the table have been applied
to human cancer treatment mostly as clinical trials.

II, Hypoxia and/or high repair
The radioresistance of hypoxic cells in a tumor has been

assumed for a long time as a main reason of radioresistance and
recurrence of irradiated tumors. So hyperbaric oxygen treatment
and high LET radiations have been introduced to combat with it.
Recently hypoxic cell sensitizers such as Misonidazole have been
introduced expecting better sensitization of hypoxic cells than
by hyperbaric oxygen treatment. In spite of the successful radio-
sensitization of experimental tumors by Misonidazole, the enhance-
ment of radiation effects in clinical tumors has not yet been
confirmed because of the limitation of clinically available doses
of the drug due to its neurotoxicity. Furthermore, the shoulder
of the dose-survival curve in oxic mammalian cells and the re-
oxygenation expected after fractionated irradiation may diminish
the radiosensitizing effect on hypoxic cells by Misonidazole.
The role of hypoxia in the radioresistance in human tumors could
not be fully accepted unless more efficient and less toxic hypoxic
cell sensitizers would be developed.

Recently the role of quiescent cells (Q cells) in a tumor
for the resistance against radiation and anti-tumor drugs has been
emphasized [ 16, 17] • It is generally accepted that the repair
of potentially lethal damage after irradiation or drug-treatment
is high in stationary or Q cells than in expotentially growing
cells or proliferating cells (P cells). It is assumed that the
proportion of Q cells is generally higher in human tumors that
in normal cell renewal systems, though normal bone marrow may have
some Q-components in it. These Q cells have higher reparability
than P cells. The high reparability of Q cells in a tumor may
be one of the reason of radioresistance of the tumor. In order
to verify this assumption we must have a specific repair inhibitor.
Such a inhibitor, if any, may also contribute to the improvement
of radiotherapy, alone or in combination with hypoxic cell sen-
sitizers depending on the role of repair and hypoxia in the radio-
resistance of the tumor.
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Table 1

BIOLOGICAL CHARACTERISTICS OF HIGH LET RADIATIONS AND CORRESPONDING CHEMICAL AND PHYSICAL AGENTS SO FAR AVAILABLE

BIOLOGICAL CHARACTERISTICS OF
HIGH LET RADIATIONS

CHEMICAL MODIFIERS
TYPE EXAMPLE

HYPERTHERMIA*

LOW OER

HIGH RBE

HYPOXIC CELL SENSITIZER

SENSITIZER

PROTECTOR

MISONIDAZOLE*
CHLORPROMAZINE
LIDOCAINE
BRDU*
ICRF - 159 *
CORDYCEPIN
AMM*
MPG*
WR - 2721«
(FOSTEAMINE)
SOD*

SENSITIVE IN AEROBIC AS WELL AS HYPOXIC CELLS

RAMOSENSITIZATION

LOW REPAIR
SLDR

PLDR

LOW CELL CYCLE DEPENDENCY

INHIBITOR OF REPAIR

SYNCHRONIZER

ICRF - 159*
ACTINOMYCIN D*

CORDYCEPIN

3' -DEOXYGUANOSINE

ICRF - 159*
VINBLASTINE*
VINCHISTINE*

INHIBITION

INHIBITION

DEPENDENCY DIFFERENT FROM RADIATION

SH - PROTECTOR

* clinically available or in clinical trial



Table 2
Dose Modification by Lidocaine in three cell lines in culture

Dose-survival In air
Cell line Parameters Control LH 30mM

HeLa D0
n
DID
DMF

L1210 Do
n
DID
DMF

L5178Y DO
n
DID
DMF

(R)

(R)#*

(R)

(R)

(R)

(R)

100.6
9-1

470

100
3-65

330

94
4.46

310

105
9-5

470
1

200
1.5

550
1.67

125
3

440
1.41

In
Control

295
2.7

1000

435
1.5

1086

340
2.4

923

N2

LH 30mM

295
2.7

1000
1

270
1.6

700
0.64

140
2.1

443
0.48

* Lidocaine hydrochloride
„„ .. .. , . _ . „ ,** Dose Modifying Factor =J to

Din (Lidocaine)=^ — )„ , —— =-r — —DI o (Control)

(Mitsutani, Y. , Niwa, 0. unpublished)

After the screening for several years, we found some 3'-
deoxypurine nucleosides to be PLDR inhibitors as will be -reported
in the presnet seminar by Nakatsugawa et al. [ 18 ]. By applying
these drugs it was demonstrated that the repair plays an important
role in the radiosensitivity in experimental tumors. Recently,
Weichselbaum et al. [ 19 ] have shown that the clinical radiocur-
ability of human tumors is not predicted by the acute X-ray
survival curves of cultured cells derived from them but is mani-
fested by the repair of potentially lethal X-ray damage. Our PLDR
inhibitors, if available in clinic, would contribute to the in-
crease of the radiocurability of human tumors.

IV. An application to chemotherapy
Several attempts have been reported concerning possible appli

cation of Misonidazole (a hypoxic cell sensitizer) to the enhance-
ment of chemotherapy in experimental tumors. Differential enhance-
ment between tumor and normal tissue has been reported in some
anti-tumor drugs such as CCNU [ 20 ] . The repair of potentially
lethal damage induced by anti-tumor drugs has been reported [ 21 ] .
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One of PLDR inhibitors, 3'-deoxyguanosine was given to mice with
a tumor treated with various anti-tumor drugs such as Bleomycin,
Futraful and so on. As will reported later by Nakatsugawa, a
significant enhancement of anti-tumor effect of these drugs has
been observed. But since we have no data yet concerning the
relationship between the extent of PLDR and that of enhancement
for each drug, it is too early to conclude that the effects
observed are due solely to repair inhibition. Some metabolic or
biological effects of 3'-deoxynucleoside remain to be studied.

Practically a new improvement of cancer treatment can be
expected if the inhibitors could be applied to human patients with-
out serious side effects. Studies searching for safe and effici-
ent repair inhibitors are now under way stimulated by the success
of experimental tumor therapy by the inhibitors so far obtained.
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Session II

CHEMICAL RADIOPROTECTIVE AGENTS

NATURAL RADIOPROTECTION OF CELLS
Radiochemical, biochemical and clinical aspects

L. RfiVfiSZ
Department of Tumor Biology II,
Karolinska Institute, Medical School,
Stockholm, Sweden

ABSTRACT.

Recent investigations on natural radioprotection are reviewed,carried out with human fibroblast strains and lymphoblastoid celllines derived from individuals heterozygous or homozygous with re-
gard to an inborn error in glutathione synthetase activity. The
cells have a decreased content of non-protein bound sulphydrylsand lack specifically glutathione either almost totally, or havea glutathione level about fifty per cent of the normal. Usingsingle-strand DNA breaks as the end-point of the radiation effect,oxygen and misonidazole fail to enhance the radiosensitivity ofcells deficient in glutathione, and OER and DMF close to unityare calculated. Substitution of glutathione deficiency by treat-
ment with different radioprotective aminothiols decreases the sen-sitivity of the cells, and makes them susceptible to the oxygen
effect. In glutathione deficient cells, rejoining of the single
strand breaks proceeds at a normal rate after anoxic radiation ex-
posure, but is inhibited after oxic exposure. Using clonogenic sur-vival as the end-point for the radiation effect, sensitization ofglutathione deficient cells is again greatly decreased, but OER
and DMF differ significantly from unity.

The data were interpreted to indicate that endogenous gluta-thione or some exogenous aminothiols repair radiation inducedradicals in key target molecules by hydrogen transfer in a competi-
tion with oxygen and/or misonidazole which permanent the damage.
The outcome of the radical reactions will be modified by furtherpost-irradiation enzymatic repair processes of which at least one
that concerns repair of oxically suffered radiation damage, is
glutathione dependent.

For the appropriate clinical application of hypoxic cell sen-sitizers, the use of a "vascularization index", possibly determined
by morphometric analysis of histological preparations, is suggestedas a diagnostic parameter to characterize neoplasms besides current
routine staging and grading of differentiation.
1. INTRODUCTION.

Reports appear in the clinical literature in an increasing num-ber which describe radiotherapeutic trials testing the effect ofdifferent radiosensitizing and/or protecting agents. These trialsclearly reflect expectations that a modification of the inherentradiosensitivity of normal and/or neoplastic cells will improvethe therapeutic effectiveness of radiation. In view of the improvedresults, demonstrated recently in trials with hyperbaric oxygen(1), and the many positive preliminary observations with miso-nidazole (2), the expectations are certainly motivated. Linked
to the efforts to modify inherent radiosensitivity, increasingattention is being turned to a clarification of the role of thenatural radioprotective substances which are present in the cells,and which may have a particular importance in determining the in-trinsic radiation response. The radioprotective effect of some
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aminothiols in general, and that of glutathione (GSH) in particular,
as well as the correlation found between radiosensitivity variationsand cellular GSH content, were put forward (3) as arguments forthe concept that GSH is an intrinsic cellular protector of a spe-
cial interest. Observations have been reported (4, 5) which wereinterpreted as indicating that even some artificial radioprotect-
ors operate by enhancing the action of endogenous GSH. A closer un-derstanding of the protective mechanism of this compound can be con-sidered helpful to further the attempts to develop a control of in-
herent cellular radiosensitivity with the purpose to increase, or
decrease, artificially the radiation response of the cells.

The role of GSH as an intrinsic protector has earlier been
studied in experimental systems in which the cells were depleted
of aminothiols by treatment with diamide (6) or N-ethylmaleimide(7). Since these substances have many side-effects besides react-
ing with aminothiols, the results in some cases cannot be interpre-
ted unequivocally. Recently, access to bacteria (8) and human cellstrains (9) with a genetically defined deficiency in GSH synthetase
activity and consequently, with a greatly decreased GSH level,
opened new experimental approaches without the drawback of treat-
ments with different side-effects. The GSH-deficient cell material
offers also the possibility to test hypotheses which have been put
forward to explain the mechanism of GSH action.

In this report, the investigations will be reviewed which haverecently been carried out with GSH-deficient human cell strainswith the purpose to throw further light on the mechanism of in-
trinsic radioprotection, and its interaction with artificial sen-sitizing or protecting agents.

2. EXPERIMENTAL.
The cell material used in the investigations was derived fromblood samples and subcutaneous biopsies obtained from patients in

two different families who suffered from 5-oxoprolinuria; from the
parents of the patients; from a clinically healthy brother of one
patient; and from a few unrelated, healthy individuals. The disease
of 5-oxoprolinuria is attributed to a genetical deficiency in GSH
synthetase activity (9, 10). Fibroblast cultures from the biopsies,
and lymphoblastoid cells derived from the blood samples and sub-
sequently transformed by infection with EBV, were preserved frozen
and, for the time of the experiments, maintained in tissue culture
in their early passages. The GSH level of the cells from the indi-
viduals homozygous with regard to the GSH synthetase defect was,on the average, less than 10 per cent of the normal; the cells de-rived from individuals heterozygous with regard to the enzyme de-
fect had a GSH content about 50 per cent of the normal (10). Non-protein bound aminothiols consisting probably of cysteinyl-gly-
ceine and glutamyl cysteine, were found in the GSH-deficient cellsin a concentration amounting between about 20-40 per cent of the
total aminothiol concentration (mainly GSH) in the control cells
(10).

Two different end-points were used for the quantitative evalu-
ation of the radiation effect: the yield of single-strand DNA breaks
(ssb), and clonogenic survival. The former was determined by the un-
winding technique in weak alkali (11), while the survival was esti-
mated by counting colonies which developed in vitro 10-14 days after
the exposure of the cells to radiation in the presence of radiation-
killed feeder cells of the same strain (12). The plating efficiency
of the cells varied between 20-40 per cent.

X-rays generated at 220 kV with a dose rate 0.8 Gy/minute were
used for irradiations. Exposures were made under aerobic conditions,or in an atmosphere of oxygen or argon (<3 ppm oxygen contamina-tion) to which carbon dioxide was added to maintain appropriate ph
during irradiations in a way as described earlier (13).
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3. IMMEDIATE RADIATION REACTIONS.
In a large series of experiments, the yield of ssb was de-

termined immediately after irradiation of the cells kept in an ice-
bath during exposure. It can be assumed that ssb will, therefore,
reflect largely the effect of the immediate physico-chemical ra-diation reactions, without any major interference by enzymatic
processes.
3. 7. Effect of oxygen.

Experiments performed with different cell strains which almost
totally lack GSH (GSH~ cells) are concordant in indicating that
the dose-effect relationship in regard to the yield of ssb is in-
dependent whether oxic or anoxic conditions prevail during ra-
diation exposure (14, 15). The oxygen enhancement ratio (OER) was,
in these cases, 1.1 - 1.2 on the average. The dose-effect relation-ship for GSH proficient (GSH ) cells was similar to that seen in
the case of GSH" cells when exposures were made aerobically. In
contrast, when exposures were made in the absence of oxygen, the
yield of ssb in GSH cells was considerably decreased, and indi-
cated OER about 2.9 - 3.1. When cells with a partial GSH de-
ficiency were tested, OER were calculated which were intermediate
between those found for GSH" and GSH cells.

The observations that anoxic conditions fail to protect GSH~
cells from radiation damage, i.e. in the absence of GSH no "oxygen
effect" occurs, and in its partial presence the oxygen effect is
decreased, find an explanation in the "competition hypothesis"
put forward in 1954 (16). According to it, oxygen and aminothiols
compete for radiation induced radicals in key target molecules:
aminothiols will repair the damage by hydrogen donation, while
oxygen will fix it irreversibly.
3. 2. Electron affinia sensitize?.

Misonidazole was chosen as a known, potent electron affinic
hypoxic cell sensitizer in a series of tests with GSH" cells
(15, 17). Independently whether oxic or anoxic conditions were
used during irradiation, treatment of the cells with the substance
at 10 mM concentration 30 minutes before and during irradiationhad no appreciable effect on the yield of ssb. In contrast, similar
misonidazole treatment resulted in a considerable increase of the
induction of ssb in hypoxically irradiated GSH cells indicating
a dose-modifying factor (DMF) about 1.7. The DMF was lower, butstill significantly above unity, when the effect of misonidazolewas tested on partially GSH-deficient cells.

The dependence of the radiosensitizing effect of misonidazoleon GSH, indicated by these results, is analogous to the dependenceof the oxygen enhancement of radiosensitivity of this aminothiol.
The similarity suggeststhat oxygen and misonidazole have a similarmechanism of sensitization, and both participate in a similar com-petition process with the GSH. Most recently, this conclusion re-
ceived support by results obtained in a different experimental
system (18) demonstrating an "equivalent" sensitization of miso-nidazole with oxygen.
3. 3. Radiation protectors.

A number of aminothiols with known radioprotective effect wereselected in an experimental series in which the_effect of a sub-stitution of the missing sulfhydryls in the GSH" cells was studied(14, 19). Besides GSH, cysteamine (MEA), mercaptopropionylglycine(MPG) and dithiothreitol (DTT) were chosen, each added to the cells
in a separate test at 10 or 20 mM concentration 30 minutes beforeradiation exposure. The yield of ssb decreased in all cases, DTTshowing the greatest efficiency on a molar basis. In comparisonto exposures made under aerobic conditions, the protection was about
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twice as large when exposures were made anoxically. As a conse-
quence, the OER which is close to unity for thio]-untreated GSH"
cells (see 3.1.) was raised, and had values between 2.3 - 2.7.

The results obtained with GSH+ cells, treated with the sameprotectors at similar concentrations as GSH" cells, were analogous,
but differed quantitatively (14, 19j. While DMF after aerobic ir-
radiation of aminothiol-treated GSH cells was similar to thosefound with GSH~ cells, lower DMF values were calculated when GSH
cells were exposed to radiation anoxically. Still, the protection
by aminothiols was consistently greater when anoxic instead of
oxic radiation exposures were made, as was also the case with
GSH" cells. As a consequence OER which was around 3 for GSH cells,
was also raised and reached values as large as about 6.

The decreased induction of ssb in GSH+ and GSH" cells irradi-
ated anoxically after treatment with the different aminothiolscan be attributed to scavenging of radicals as well as to repair
of radiation damaged key molecules by hydrogen transfer from the
substances, possibly in a competition with some naturally occurring
molecule, capable of fixing the damage (20). The+consistently largerDMF calculated for GSH" cells as compared to GSH cells indicates,
furthermore, that inherent GSH itself can afford a considerable pro-
tection in the absence of oxygen. The decreased DMF when irradiations
were made aerobically in contrast to anoxic conditions, is in agree-
ment with the competition hypothesis referred to above (see 3.1).The results clearly indicate that some artificial aminothiols can,if present in a sufficient concentration, be at least as effectivein the competition process, as endogenous GSH. On the other hand,
some naturally occurring aminothiols like cysteine and dipeptidesappear to be ineffective in view of the fact that GSH" cells con-
tain these substances in a considerable amount (10).

4. POST-IRRADIATION REPAIR AND SURVIVAL.
4. 7. Repair of single-strand breaks and oxygen.

Radiation induced ssb in mammalian cells were found to be re-
paired error-prone or error-free within about 1 hour after irradia-tion almost entirely (21, 32). Our observations with oxically oranoxically irradiated GSH cells are in agreement with thesefindings (23). The anoxically irradiated GSH" cells were also
found to have a similar repair capacity. In contrast, when GSH"cells were irradiated aerobically, their capacity to rejoin ssbwas found to be considerably reduced. In view of the observationswhich suggest that radiation-induced DNA damage leading to ssb
is different qualitatively when anoxic, as contrasted to aerobic,radiation exposures are made (24, 25), it is likely that the me-chanism of the repair will be different also in the two cases.The observations on a deficient rejoining of ssb in oxicallyirradiated GSH" cells can be interpreted to indicate that somepart of the enzymatic repair processes for the oxically in-duced damage requires GSH, perhaps as a co-factor. This consid-eration is supported also by experiments (26) in which it was
shown that GSH has an important role in DNA synthesis under cer-
tain conditions.

The GSH requirement of the post-irradiation ssb repair is,
however, not wholly specific. In experiments performed with DTTor MPG we found that these compounds greatly promote the re-joining of oxically induced ssb in GSH~ cells and, to some ex-tent, also in GSH cells, indicating that the compounds caneffectively substitute for GSH or, if GSH is present, contributeto its action.
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4. 2. Misonidazole and ssb repair.

In a particular study (17), answer was sought to the questionwhat is the influence of misonidazole treatment, if any, on thepost-irradiation rejoining of radiation induced ssb. The resultsshow that the repair rate of ssb in anoxically irradiated GSHcells was not affected appreciably by misonidazole present in10 mM concentration during irradiation and a post-irradiationperiod of 1 hour. In contrast, the repair was considerably in-hibited in GSH" cells: while about 80 per cent of the inducedssb were rejoined in GSH cells within one hour, less than 50
per cent were repaired in GSH" cells. The finding indicates thatthe repair of a large part of ssb, induced by radiation in thepresence of misonidazole under anoxic conditions, is GSH de-pendent demonstrating the oxygen-mimic propery of this sensi-tizer yet in another situation. It has to be noted that miso-nidazole was found to induce ssb in GSH" cells also due to someparticular toxicity, independently of radiation. Since GSH cellsdid not show any similar toxic reaction, it can be concluded that
GSH may be involved in the induction, as well as in the repair ofssb in misonidazole treated cells. This interpretation finds support
in the observations that addition, immediately after irradiation,
of DTT, a compound capable of substituting for GSH (see 3.3), re-sults in a nearly total repair of ssb in the misonidazole-treated
GSH" cells (23).
4. 3. Survival curves.

In repeated experiments, many data have accumulated on the
radiation survival of GSH-deficient, and genetically related GSH-
proficient cells. The survival curve of GSH~ cells after aerobicirradiation indicated a slightly increased sensitivity in com-parison to GSH cells (27). The difference practically disappeared
when exposures were made in nearly pure oxygen (28). This suggeststhat endogenous GSH may have a certain radioprotective action atan oxygen tension corresponding to aerobic irradiation, but it iscertainly insufficient at an increased oxygen tension. When ir-
radiations were made under anoxic conditions (29), the protective
effect of the inherent GSH was found to increase considerably, as
indicated by the greatly reduced?sensitivity of GSH cells with
OER of about 2.9 at 10_ and 10 survival levels. In contrast,
the sensitivity of GSH" cells was reduced only slightly by ex-
posure in anoxia, and a comparison of the anoxic survival curves ofthese cells with oxic survival curves indicates OER varying between1.2 - 1.5. These observations were subsequently confirmed in another
laboratory (30). The greatly reduced OER for GSH~ cells as compared
to GSH cells again supports the concept of a competition processbetween oxygen which fixes radiation damage and GSH which repairs
it. It is interesting to note that when ssb, instead of survival,is the end-point of the radiation effect, still smaller OER 1.1 -1.2 was calculated for GSH" cells (see 3.1). This difference canfind an explanation in considering that ssb indicates mainly the
outcome of the immediate radical reactions, while survival de-termined several days after exposure will reflect, in addition, also
the effect of different enzymatic post-irradiation processes which
may modify the result of the immediate reactions.

As indicated above (4.1,), GSH is required in some post-irra-
diation repair processes, at least in those concerned with the re-
joining of ssb after oxic irradiation. The relationship of rejoin-ing with cellular survival is still not clear. If there existssome correlation, it could explain the paradoxical observation that,in contrast to what is seen with ssb as the end-point,when survivalis the criterion, the effect of different radioprotective aminothiols(MEA, MPG, GSH and DTT) is greater if oxic, instead of anoxic con-ditions prevail during irradiation.The possible radiotherapeutic
advantage of a more efficient protection of oxic cells as opposedtohypoxic cells, has been pointed out earlier (31).
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The effect of misonidazole on survival, as also its effect onthe yield of ssb, is related to the cellular GSH content, sinceradiosensitfzation is clearly larger for GSH (DMF about 2 at
10" and 10" survival levels after treatment at lOmM concentra-
tion) than for GSH" cells (DMF about 1.5 at the same survival
levels and at a similar molar concentration) (28). The results
can be given a similar interpretation, as the observations made with
oxygen, i.e. misonidazole will also compete with inherent GSH. Thefinding (28) can be of a particular interest that OER and DMF bymisonidazole_have a similar value about 1.5 when the radiation sur-vival of GSH" cells is tested. This value differs significantly fromunity which is the value for both factors when ssb is the end-point(see 3.Land 3.2.). The difference can again be attributed as dis-cussed above in this section, to the post-irradiation repair pro-cesses, the effect of which is reflected in the survival data. If
this interpretation is correct, the finding that DMF for misonida-zole and OER are similar in regard to the survival of GSH" cells
suggests that oxygen and misonidazole have a similar effect on thepost-irradiation repair which controls final survival.

5. CLINICAL ASPECTS.
Access to radiosensitizing and radioprotecting compounds withincreasing effectivity, radiations of different qualities and agreat number of chemotherapeutic agents, alone or in combination,

permit today the design of a wide spectrum of treatment modali-
ties which could be profitably adapted to the individual charact-
eristics of different neoplasms. Histopathologic grading of
differentiation, and staging according to the TNM system, usedroutinely as clinical parameters to characterize tumors are, how-ever, insufficient for the planning of a more individualized
therapy. Clearly, the determination of a greater number ofdiagnostic parameters is needed to take full advantage of thetherapeutic possibilities afforded today. The effective use of
hypoxic cell sensitizers would e.g. require a closer knowledge
of the proportion of hypoxic cells in the neoplastic tissue thanis available from current, routine histopathologic examination of
biopsies. In the absence of such information, even the effectivity
of radiosensitizers can hardly be evaluated and, indeed, in the
case when radiosensitization fails, one cannot distinguish between
the alternative possibilities whether the sensitizer was ineffect-
ive or the particular tumor lacked hypoxic cells of any importance.

While a number of methods have been worked out and are avail-
able for the determination of different tumor parameters, in-
cluding the proportion of hypoxic cells, under experimental con-
ditions, their routine clinical use is connected with considerable
difficulties. On the other hand, it has been reported (32) that
a relatively simple characterization of the tumor vasculaturecould provide some clinically useful information. Thus, it has beenshown (32) that the intercapillary distance in cervical carcinomas
determined by colposcopy is directly related to the oxygenation of
the tissues and the radiocurability of the disease. Recent morpho-
metric studies (33) in which the proportion of vascular, stromal
and parenchyma! elements were determined in histologic prepara-
tions made from cervical carcinomas, indicated a similar correla-tion. It is likely that a "vascularization index" which could
be determined by relatively simple morphometric analysis of the
vascular density in histopathologic preparations, could be a
diagnostic parameter of a prognostic, as well as of a therapeuticvalue. Together with the grading of differentiation and staging of
the disease, such an index would permit an improved characteriza-
tion of tumors,and a more individualized therapy, especially withregard to the control of hypoxic cells, than is practiced today.
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PRESENT STATUS AND FUTURE DIRECTIONS FOR RADIOPROTECTIVE DRUGS IN
RADIOTHERAPY

J.M. YUHAS
Department of Radiation Therapy,
University of Pennsylvania and Childrens Hospital of Philadelphia,
Philadelphia, Pennsylvania, United States of America

ABSTRACT

Two agents have been identified which are able to selec-
tively protect normal tissues against radiation injury while
leaving the resistance of solid tumors unaltered: MPG and WR-
2721. The present report summarizes what is known and what is
not known about the latter of these agents, WR-2721 or amino-
propylaminoethylphosphorothioate. This analysis is intended
to not only identify those clinical situations in which WR-
2721 might improve the effectiveness of radiotherapy, but also
to point the way toward the development of even more effect-
ive agents.

Pre-clinical studies in the laboratory had suggested that
WR-2721 would be relatively well-tolerated by man and clinical
experience has borne out these predictions. Although the
drug dose which is maximally tolerated has yet to be reached
in the clinic, it is already apparent that moderate to high
levels of protection should be expected. Two problems, rela-
tive to drug toxicity, need to be taken into account: in ap-
propriate handling of the drug can produce toxic breakdown
products and certain of the drugs used in the symptomatic
treatment of cancer patients can enhance the toxicity of WR-
2721.

This drug has been shown to protect all normal tissues
studied, with the exception of the brain and spinal cord, and
the therapeutic modalities which this drug can protect against
include conventional and non-conventional radiations, and al-
ky lating agents, whether they are given alone or in combination
with radiation. Protection of tumors, on the other hand, is
a rare observation, and can , in many cases, be traced to ar-
tefacts of the design or to factors which would not be encount-
ered in the clinic.

The basis of this selectivity has now been traced to a
simple interaction of the drug with the tumor cell membrane
and appropriate methods are now available which should allow
us to not only optimize the clinical testing of WR-2721 but
also to identify those agents which might be superior to
WR-2721.

INTRODUCTION

The search for chemical agents which would selectively pro-
tect normal tissues from radiation injury, while leaving tumors
to suffer the full effects of the exposure, is as old as radio-
protective drugs themselves. Unfortunately, most drugs in this
class are impractical because they are either too toxic or offer
as much protection to the tumor as they do to the normal tis-
sues. More recently, Professor Sugahara and his colleagues
have reported that mercaptoproprionylglycine (MPG) appeared
to be a potential candidate for this application (1) and we re-
ported a similar conclusion (2) for WR-2721 or S-2-3-amino-
propylaminoethylphosphorothioic acid. These drugs represent al-
ternate approaches to the same problem, with MPG being the bet-
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ter tolerated of the two, and WR-2721 being the more protec-
tive. Clinical trials on both of these drugs have been in
progress in Japan for a number of years, and more recently,
initial clinical trials on WR-2721 have been initiated in the
U.S.A. (3).

While these trials are too preliminary to provide defin-
itive answers, we know already that even better agents have to
be developed. The present report reviews the status of WR-2721
in the hope of identifying those situations in which its use
would be most appropriate, and, perhaps more importantly, in
the hope of pointing the way to the development of even more
effective drugs for this application.
TGKICITY

The key step which led to the development of WR-2721 was
the use of a phosphate covering function on the sulfhydryl
group, as proposed by Akerfeldt (4). Table I compares the phos-
phorylated and non-phosphorylated forms of WR-2721 and shows
quite clearly that the addition of the phosphate group reduced
the toxicity of the drug, thereby allowing administration of
larger drug doses and the attainment of higher levels of pro-
tection. Pre-clinical studies suggested than man should toler-
ate drug levels which would be highly effective, and our ex-
perience thusfar has confirmed these suggestions. In the single
dose, phase I toxicity studies, doses of 740 mg per m have been
administered without encountering dose limiting toxicity.
What little gastrointestinal or cardiovascular toxicity we
have observed is largely unrelated to drug dose and transient
in nature. This has led us to investigate the possibility that

TABLE I

Drug Formula Maximum Tolerated Maximum Increase
Dose in Resistance

WR-2721 R-SPO H2

WR-1065 R-SH

600 mg/kg

150 mg/kg

2.7-fold

1.5-fold

the supportive medications these patients are receiving are
increasing their sensitivity to WR-2721. As an example of
these studies, Dr. D. Glover, of our institution, has ob-
served that certain tranquilizers, such as Librium, can pro-
duce a pronounced and prolonged hypersensitivity to WR-2721
in the rat, and she is presently attempting to determine
whether similar drug interactions can account for our rare,
and unexplained, episodes of- toxicity in the clinic.
To summarize, WR-2721 is well tolerated when given as single
doses to patients, and a new study has been initiated at
5 institutions to determine patient tolerance to repeated ad-
ministrations of the drug.
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NORMAL TISSUE PROTECTION

Table II lists those tissues which are responsive to the
radioprotective effects of WR-2721, and the two which are not.

Table II

Tissue Factor Increase

Bone Marrow 2.4-3.0
Immune System 2.4-3.5
Skin 2.0-2.4
G.I. Tract 1.8-2.0
Liver 2.7
Lung, Esophagus, Kidney 1.2-1.5
Fibrosis & Sclerosis 1.3-1.8
Brain & Spinal Cord 1.0

a- representative tissues; see ref. (5) for review.

In this partial listing of those tissues which have been studied,
are included examples of the most responsive tissues, those of
the immunohematopoietic tissues and the totally non-responsive
tissues, the brain and spinal cord. While direct translation of
these data into clinical reccomendations would not appear ap-
propriate, certain generalities would seem warranted. First,
WR-2721 would not benefit those instances in which the central
nervous system was the radiation dose limiting tissue. Second,
this drug protects not only against acute effects of radiation,
but also against the more critical late effects. Last, it is
apparent that the protection this drug affords the lung and
kidney could be markedly improved upon.

The protection listed above refers to that observed with
conventional radiations, but WR-2721 is also effective against
fast neutrons and negative pi mesons. While we would expect
that it would be similarly selective, as described below, this
point has not been established directly. Of perhaps more gener-
al import, WR-2721 has been shown to protect the host against
a variety of alkylating agents (Table III), whether they are
administered alone or in combination with radiation.

Table III

Alkylating Agent Assay Factor Increase in
Resistance

Nitrogen Mustard

Cyc lophosphamide
BCNU
Cis-platinum

Lethality
CFU
Lethality
CFU
CFU
Nephrotoxicity

2.0
2.5
1.4
2.6
2.3
1.7-4.6

a - CFU = bone marrow colony forming units
b - factor varies with drug doses and number of treatments.
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In order to determine whether similar protection might be
observed in the clinic, a phase I study of WR-2721 in combina-
tion with nitrogen mustard, cyclophosphamide or cis-platinum has
been initiated at the University of Pennsylvania under the direc-
tion of Dr. John H. Click. While these studies are too prelim-
inary for definitive conclusions, it would not appear that these
chemotherapeutic agents enhance the toxic effects of WR-2721.

RESPONSE OF SOLID TUMORS

Our original observation (2), that WR-2721 selectively pro-
tected normal tissues has been confirmed and expanded by oursel-
ves and others. The majority of these studies have failed to de-
tect any protection, but in a few instances factor increases in
tumor resistance as high as 1.3 have been reported (6). These
results were initially dismissed as being the product of normal
variation (i.e., expectation ranges from 0.8 to 1.2), but more
recently we have identified at least three factors which can pro-
duce "apparent" tumor protection. The first involves the use of
near toxic doses of WR-2721 (7) which produces a profound vaso-
dilation and the consequent hypoxia in normal tissues and tumors
alike. The second involves the injection of WR-2721 which has
inadvertently been dephosphorylated (we show below that this form
of the drug is non-selective in its action). Last, protective
metabolites of WR-2721 persist in the circulation for 15 to 30
minutes, and these can inactivate an injected alkylating agent
before it reaches the tumor (8). These results do not deny the
possibility that some tumorg will be protected by WR-2721, but
rather indicate that such a characteristic is not a common one.

MECHANISM OF SELECTIVE PROTECTION

At the time of our original report (2), we proposed that
the failure of WR-2721 to protect solid tumors resulted from
deficient drug absorption by the tumor secondary to deficient
vascularity and/or blood flow. The fact that the tumors ab-
sorbed very little of the drug was clearly established (9),
with one exception, and the proposal was generally accepted.
More recently, we have shown that normal cells can concen-
trate WR-2721 against a gradient, while solid tumors absorb
the drug passively (10). Since this observation apparently
underlied the mechanism of selective protection, we have pur-
sued it further in terms of the nature of the cellular reg-
ulation and in terms of the drug characteristics. Our present
understanding of the underlying mechanism is summarized in
Table IV. Both tumor cells and red blood cells restrict the
passage of WR-2721 across their membranes, while normal tis-
sues, like the liver, allow it free passage and effect con-
centration of the drug intracellularly via binding of the drug
to endogenous macromolecules. The reason why WR-2721 is re-
stricted would appear to be a product of the fact that this
drug is highly hydrophilic. When the drug is dephosphorylated,
it becomes less hydrophilic and then readily enters all three
cell types. We conclude from these studies that restricted
passage of WR-2721 is not confined to malignant cells but that
this restriction is more pronounced in solid tumors than in
most normal cells (except the red blood cell).
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Table IV

Normalized Rate of Absorption
Drug

NB-100 Tumor Red Blood Cell Liver

Intact WR-2721
Dephos. WR-2721

0.31

1.06

0.23

1.26

1.0

1.0

FUTURE DIRECTIONS

It would appear that two major areas of investigation are
not only critical to the success of this approach, but are now
amenable to simple and informative analysis. The first concerns
identification of the optimal conditions for use of radiopro-
tective drugs in general, and WR-2721 in particular. Included
in this general topic would be: identification of individual
tumors or tumor types which might absorb WR-2721 readily; iden-
tification of supportive therapy which might compromise this
approach by increasing toxicity, reducing normal tissue absorp-
tion or by enhancing tumor absorption; and optimization of the
time and rate of administration of drug to avoid circulatory in-
activation of alkylating agents yet preserve high levels of
protection.

The second area is related to our longer term goals of de-
veloping agents even more effective than WR-2721. From simple
analysis of toxicity versus absorption data, it should be pos-
sible to identify agents which are less toxic than WR-2721 but
which preserve the ability to selectively protect normal tissues.
Similarly, identification of agents which might 'permeate the
lung and kidney more readily yet still not be absorbed by tumors
will require a high priority if we are to target these drugs
for specific organs.

This list could be expanded to include a number of other
interesting possibilities, but the critical point is that we
now have the assays available for simple analysis and, at least,
a preliminary understanding of the drug characteristics we
must locate. This combination should ultimately allow us to
develop drugs which are far superior to WR-2721.
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RADIOPROTECTIVE EFFECTS OF WR-2721 AND ITS CLINICAL APPLICATIONS

Y. TANAKA
Department of Radiology,
Kansai Medical School,
Moriguchi, Osaka, Japan

ABSTRACT:

1) The doee-codifying factor (D.M.P.) values obtained for
normal mouse tissue ranged from 1.1 for kidney to 2.1 for tone
marrow. The D.M.F. value for growth delay in transplanted tumor
(S-180) was 1.2.

2) Distribution pattern of 14C-WR-272l(=YM-08310) in the
normal and tumor tissue was examined. The drug was found in the
majority of tissues such as the salivary glands, kidney etc. at
higher levels, while it was transferred into cancer tissue and
central nervous system only at very low levels.

3) In Japan, this drug was named "Posteamine" and its Phase
II study was finished with the collaboration of 8 hospitals.

a) Side effects of this drug were for the most part
9negative up to 2.0 mg/kg/day (=60mg/m ). Chemical laboratory

findings such as liver function tests were within normal values.
b) Protective effects to the oral mucositis by radiotherapy

in carcinoma of oral cavity were examined and D.M.P. (WR-2721 +
X/X-alone) were 1.7 in Grade I and 1.3 in Grade II, respectively.
In these groups the occurrence of xerostomia (52.9$) was decreased
markedly compared with X-alone (73.3$).

c) The incidence of lung fibrosis in lung cancer treated
with radiation was slightly protected by this drug.

Since Yuhas et al.1'2' showed that WR-2721 (=YM-08310) protected
only the normal tissue in mice but not the tumor tissue, it has been
paid a great attention as a drug applicable for increasing the
therapeutic ratio of cancer radiotherapy. We have obtained a high
protective value of D.M.F. over 2.0 in whole body lethality using
this compound and also found that the drug selectively protects the
normal tissue, namely it has a differential protection between normal
tumor tissue. Many other investigators have also studied this drug
and its protective effects on the normal and tumor tissues have been
gradually elucidated. In Japan this drug was named "Posteamine"
offered by Yamanouchi Medical Co., and its Phase II study was finished ,
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I) Radioprotection of normal and tumor tissues by WR-2721.

The radioprotective effect was determined for a wide range
of normal and tumor tissues. The D.M.P. values obtained in normal
tissues were 1.1 for kidney (renal death LDc- AO) , 1.2 for lung
(pulmonary death LD,-,. /.,-,.), 1.5 for esophagus (esophageal death in air
LDj-Q/,-) and 2.1 for bone marrow lethality LI)-... /,_). D.M.F. value of
growth delay in the S-180 was 1.2.

II) Distribution of HR-2721 in the tissue.

The distribution pattern of this drug into the normal and
tumor tissue (MM-2 mouse mammary tumor) following its i.v. administration
only once or its repeated administration at 100 mg/kg to mice was
studied using Ĉ-WR-2721 .

The drug was found in the salivary glands, kidneys, etc. at
higher levels than in the blood and plasma within 30 min after the
administration. When it was transferred into the cancer tissue and
testicles only at very low levels, it was not found in the central
nervous system. These facts mean that WR-2721 is a promising agent
for increasing the efficiency of solid tumor radiotherapy . After
the repeated administration 21 times, the tissue level of the drug
increased to 4 "to 8 times compared with that of a single administration
and then reached a plateau. The half time of disappearance after the
end of the repeated administration was about 1 week as shown in Fig. 1.

Ill) Results of the Phase II study.

We planned to apply WR-2721 to the patients during radiotherapy
and finished Phase II study in Japan with the collaboration of 8
hospitals. This drug was dissolved with a saline solution immediately
before use and injected intravenously slowly 30 min before irradiation.

a) Side effects
Side effects resulting from the administration ofo2.0 mg/kg/day (=60 mg/m ) of this drug is shown in Table 1. A slight

fever was noticed in 10.5$ (8 cases), nausea observed in 5«2$ (4 cases),
but it was difficult to distinguish these from radiation sickness in
some cases. These side effects were not so serious and disappeared
soon if the injection was interrupted. Liver function tests were mostly
within normal limits during and after radiotherapy and elevation of
serum GOT and GPT observed in a few patients was slight and transient.

b) Estimation of WR-2721 (Table 2)
The Phase II study of this drug was made in 76 cases,

in which 17 cases of head and neck tumors, 10 of lung cancer and 6 of
breast cancer. This treatment was remarkably effective in 5, moderately
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effective in 15, poorly effective in 7, and ineffective in 7 (unknown;
39), with an effective rate of 58-9$ as shown in Table 2.

IV) Radioprotection of oral cavity structures by WR-2721.

a) Radioprotection of oral radiation death ' '
The findings of a high concentration of Ĉ-WR-2721 in

mouse salivary glands led to studies of possible radioprotection of
these glands from radiation. Cj-JSl mice were injected with WR-2721,
450 mg/kg i.p. 30 min before being irradiated in the head with doses
ranging from 1,500 to 3,000 rads. The LDc0/20 was 2,100 rads in
non-treated groups and 3,000 rads in treated groups with WR-2721,
D.M.P. being 1.4. These facts would indicate that WR-2721 shows the
possibility of significant protection against normal epithelial
structures of the head and neck.

b) Protective effects to the oral mucositis by radiotherapy
The most serious problem as side effects was mucositis

of the oral cavity which is eventually included in the field of
irradiation. The intense mucosal reaction frequently compelled
discontinuing the planned radiotherapy for the patients with carcinoma
of the maxillary antrum or oral cancer.

Stomatitis usually begins with reddening of the oral mucosa
(Grade I), followed by gradual development of furry patches (Grade II:
patchy mucosa) , which become confluent to cover the entire area affected
(Grade III: Confluent mucosa). In Table 3, the mean radiation doses,
at which oral mucositis of Grade I, II and III occurred are shown.
More pronounced reactions of the oral mucosa occurred in cases receiving
combined radiosensitizer-radiation regimens (BUdR + 5FU) compared to
those receiving X-irradiation alone. In 17 patients with carcinoma
of the maxillary antrum, WR-2721 (2.0 mg/kg/day) was injected intravenously
30 min before irradiation.

Onset of Grade I and Grade II expressed as the mean radiation
dose, were 2,950 rad and 4|869 rad respectively. Then, D.M.P.
(WR-2721 + X/X-alone) were 1.7 in Grade I, 1.3 in Grade II. If the
full dose of 6,000 rad can be given using these protector without
severe radiation mucositis, WR-2721 seems to be a promising drug for
the purpose of enhancing the therapeutic ratio.

c) Protective effects to radiation induced xerostomia (Table 4)
It is well known that radiation treatment decreased

salivation and caused eating difficulties. Radiation induced xerostomia
in patients treated for head and neck malignancy has been widely described
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clinically and decreased in salivary flow rate due to irradiation
have teen recorded if most salivary glands are included in the radiation
fields.

The degree of xerostomia was determined by the following
4 criteria at 3-4 months after irradiation:

Severe: severe sensation of dry mouth (+++) and eating
difficulties (++)

Moderate: dry mouth (++), eating difficulties (+)
Slight: dry mouth (+), eating difficulties (-)
In the treated groups with WR-2721, the occurrence of

xerostomia (52.9$, 9/17) was decreased markedly compared with X-alone
(73.3$, H/15) as shown in Table 4.

<l) Protective effects to lung fibrosis
This drug was also administered to the patients irradiated

to the lungs. Following 4 criteria were used for the grade of lung
fibrosis in X-ray pictures:

Grade 0: no change
Grade I: more faint intensity than rib
Grade II: same intensity with the rib
Grade III: same intensity with the liver
The intensity in X-ray picture of lung fibrosis reached

at almost constant level three or four months after X-ray therapy
treatment alone and also combined treatment of X-ray and WR-2721.

The incidence of pulmonary fibrosis was intimately related
to many factors such as NSD, field size and age. Relation between
NSD and field size was examined in each case. Pibrotic change of X-ray
pictures was almost the same in Grade II in the case of X-irradiation
alone and Grade I of X-irradiation combined with WR-2721.
The occurrence of the lung fibrosis by radiation was slightly protected
by this drug.
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TABLE 1. FREQUENCY OF SIDE EFFECTS

Total No. of cases 16

No. of Cases with 12 (15-7$)
side effect

Slight fever 8 (10.5 )
Exanthema 7 ( 9-2 )
Nausea 4 ( 5-2 )
Diarrhea 1 ( 1.3 )
Vomiting 1 ( 1.3 )

TABLE 2. GENERAL ESTIMATION OF YK-0831C

Remarkable Moderate Poor None Unknown Total Effective

Head & neck
tumor

Lung cancer

1

0

6

4

1

0

2

2

7

4

17

10

70.0 %

66.6

Breast cancer 1 1 1 1 2 6 30.0

Uterine cancer 2 2 4 0 24 32 50.0

Others 1 2 2 1 2 8 50.0

Total 5 15 7 7 39 73 58.9
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Session IIIA

FUNDAMENTAL STUDIES ON
HYPOXIC CELL SENSITIZERS

PROSPECTS FOR IMPROVED HYPOXIC CELL RADIATION SENSITIZERS

G.E. ADAMS, P.W. SHELDON, I.J. STRATFORD
Institute of Cancer Research,
Sutton, Surrey, United Kingdom

ABSTRACT

The neurotoxic properties of misonidazole will sub-
stantially limit its clinical applicability: sensitizers
with higher therapeutic ratio are therefore required.
This paper describes some of the steps that are being taken
to achieve this. Therapeutic ratio can be increased by
protection against the neurotoxic properties of misonidazole,
increase of the sensitizing efficiency of this drug by
different scheduling or by replacement of misonidazole by
less neurotoxic and/or more efficient sensitizers. A split-
dose scheme for the administration of misonidazole is
proposed that could, in principle, exploit the fast component
of radiosensitization and the additional sensitization that
would be achieved by suppression of intracellular SH compounds.

Properties of some sensitizers of current experimental
or clinical interest are discussed. These include desmethyl-
misonidazole, less neurotoxic analogues of misonidazole, an
unusually active series of nitroimidazoles and electron-
affinic sensitizers containing alkylating functions.

1. INTRODUCTION

The radiation resistance of hypoxic cells is one of the major
factors affecting the radiation response of experimental tumours,
although it is not known to what extent this is an important reason
for local failure in the treatment of some human cancers by radio-
therapy. Nevertheless, the amount of information available from
the laboratory strongly indicates that, despite the beneficial
effects of re-oxygenat±on, elimination of hypoxic-cell resistance
should result in substantial benefit in some clinical situations.
Of the various approaches to the hypoxia problem, hypoxic-cell
chemical sensitizers which increase tumour response to radiation
without increasing radiation morbidity of normal tissues, are the
most promising on several grounds.

Many types of chemical compounds, including the nitroimidazoles,
act as hypoxic cell sensitizers in experimental systems. One com-
pound, misonidazole, is currently undergoing extensive clinical
trial. Although there is hope that some of these trials might
reveal benefit in some clinical situations, it is now clear that
the neurotoxic properties of this drug will limit its application.
This is because maximum clinical dosages fall well below those
required theoretically for maximum sensitizing effectiveness.
Sensitizers with higher therapeutic ratio are required and this
paper describes some of the approaches being made to achieve this.
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2. IMPROVEMENT OF THERAPEUTIC RATIO

Therapeutic ratio can be increased either by protecting against
the neurotoxic properties of misonidazole itself, the development
of new sensitizers with lower neurotoxic potential or by the
development of compounds with higher sensitizing efficiencies.
This paper discusses some of the work in progress in all three
areas.
2.1. Protection against the neurotoxicity of misonidazole

The incidence of peripheral neuropathy in patients receiving
misonidazole is lower if the patients also receive phenytoin [1,2],
It has been proposed that this is due to the enzyme-inducing
properties of these drugs. It is known, for example, that the
half-life of misonidazole is reduced in patients [1,2,3] and in
dogs /4J if phenytoin is also administered. Clinical brain
tumour studies have also provided evidence that neuropathies
have a much lower incidence in patients receiving the anti-
inflammatory agent, dexamethasone [1]. The mechanism in this
case does not involve changes in the pharmacokinetics of miso-
nidazole .

Recent in vitro studies [5] have shown that this steroid
protects against the cytotoxic action of the sensitizer and also
demonstrated that dexamethasone reduces the radiosensitivity of
the particular cell line used. The sensitizing efficiency of
misonidazole was unaffected, however. If this radioprotective
effect were to prove a more general phenomenon, it could have
serious implications in regard to the administration of steroids
during radiotherapy. However, other membrane-active substances
protect against the in vitro toxicity of misonidazole without
affecting its sensitizing ability. Flurbiprofen, for example,
while not affecting either cellular radiation sensitivity or the
sensitization efficiency of misonidazole, significantly reduces
the misonidazole toxicity in vitro [6]. Whether or not this agent
or other membrane-active agents will be able to protect against
the neurotoxic properties of sensitizers remains to be seen.
However, this is an original and interesting approach.

2.2. Increase of the sensitizing efficiency of misonidazole

There is abundant evidence that radiation sensitization of
hypoxic cells by misonidazole and many other electron-affinic
agents involves fast radiation-induced free-radical processes and
that little contact time is necessary for this sensitization to
become manifest. However, some in vitro studies have shown that
when hypoxic cells are pre-treated with some sensitizers, e.g.
misonidazole, for much longer periods (i.e. several hours,
depending on the concentration), an additional component of sensi-
tization is observed. Depending on the conditions, this
additional sensitization can appear as a reduction, or removal,
of the shoulder on the survival curve, an increase in the slope
of the survival curve (Do change) or both [1,8,9],

There is good evidence that this additional component of
sensitization by electron-affinic agents is due to reduction of
intra-cellular sulphydryl levels by chemical reaction with the
sensitizer. The rates of these reactions may be quite slow at
low sensitizer concentrations.

Clinically misonidazole is usually administered 3-4 hours
before radiotherapy to allow adequate access to hypoxic cells in
poortly-vascularised regions of the tumour. At clinical dose-
levels, this period would be too short to permit any additional
sensitization caused by reduction of intracellular SH levels. It
would be worthwhile, therefore, to explore the value of clinical
protocols in which misonidazole is administered much earlier -
about 1O-12 hours before radiotherapy. There is one dis-
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advantage in this. Because of the 12-hour half-life of miso-
nidazole, this would inevitably mean that the concentration in
hypoxic cells at the time of irradiation would be lower and this
would reduce somewhat the enhancement ratio for the 'fast' com-
ponent of sensitization. However, this could be more than
compensated by administering say three-quarters of the drug-dose
1O-12 hours before followed by the remainder about 2-3 hours
before radiotherapy. The maximum cellular concentration would not
be very much lower and the much greater period of exposure should
lower SH levels in the hypoxic cells. Overall, therefore, there
would be a greater net amount of radiation sensitization. This
is shown schematically in Fig. 1. We believe this approach would
be a profitable way of exploring clinical uses of electron-affinic
sensitizers generally.

SPLIT-DOSE MISONIDAZOLE-SCHEMATIC
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FIG. 1. Split-dose misonidazole: Scheme for increasing
sensitization efficiency aimed at decreasing
intra-cellular SH levels by prolonged contact.

Top panel
Normal scheme of administration of misonidazole
3-4 hours before radiotherapy.
Bottom panel
Additional hypoxic cells exposure (indicated by
shaded area) when 75% of the dose is given, say,
12 hours before and 25% 3 hours before radio-
therapy .
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2.3. Development of less-neurotoxic drugs
The proposal that the neurotoxic effects of sensitizers may be

related to their lipophilic properties was supported by experi-
mental evidence on the uptake of sensitizers in brain and tumour
tissue and by direct measurement of neurotoxicity in experimental
animals. Brown and Workman [1O] found that drug-uptake in brain
decreased with decreasing values of octanol-water partition co-
efficient where uptake in tumour was much less affected. Several
compounds with lipophilicities lower than misonidazole are at
various stages of development. Some of these are shown in Fig. 2.

/=\
1-CB2CH CH2

OB OCH3 T OH OH
N°2 N02

Misonidazole Desmethylmisoniflazole

N-CH2CONHCH2CH2OH N^ N -CH2CH-CH2CH;

™2

SS 2508

PhOSO2 NO

'CONH.2
NO.'2

CB 1954

PIG. 2. Structures of some current radiosensitizers.

2.3.1. Desmethylmisonidazole

The O-demethylated product of misonidazole, desmethyl-
misonidazole, is the major metabolite of misonidazole in man and
other species. Its sensitizing efficiency in vivo is approximately
the same as that of misonidazole and this, together with the fact
that it is less lipophilic, prompted its clinical investigation.
Two phase I studies are in progress, one using an oral preparation
/I1], the other a parenteral formulation (Radiation Therapy and
Oncology Group - NCI, USA). In the first study, Dische et al.
report generally good tumour penetration but find, like miso-
nidazole, the drug is neurotoxic. In 21 patients who received
either 6 drug fractions (8 patients) or 2O-3O fractions (13
patients) to a total dose of 12 g/m^, eight developed peripheral
neuropathy. Despite its much reduced half-life C\> 5 hours) this
drug does not appear to be less neurotoxic than misonidazole.
However, more data are required before definite conclusions can
be drawn on relative therapeutic ratios.
2.3.2. The compound SR 2508

The Stanford 2-nitroimidazole SR 25O8 J12J is of current
interest. Although its sensitizing efficiency is somewhat less
than that of misonidazole, it is less toxic. Its low lipo-
philicity (P=O.O46) explains the relatively low uptake in mouse
brain tissue. Based on experimental animal data, this drug
should be substantially le~»s neurotoxic than misonidazole.
Although at an advanced stage of pre-clinical development, SR 25O8
has not yet been administered to patients.
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FIG. 3. Radiation sensitization of Lewis lung and B16
melanomas by RSU 1047 and misonidazole.

2.3.3. Alkanolamine derivatives of misonidazole

Although electron affinity is a major property influencing
sensitization efficiency, other factors are involved. This,
together with the possibility that the lipophilicity hypothesis
may not apply in man, has widened the search for new sensitizers.
In vitro studies [13] of a series of general formula

/=\
—(CH2)nX where X is the morpholine group, showed

NO-
that both the sensitizing and cytotoxic properties change with
the length of the side chain (value of n) even though the one-
electron reduction potentials are constant. The n=4 compound is
more efficient than misonidazole in vitro but inactive in vivo.

Activity in vivo was achieved by insertion of an OH group
into the 3 position of the side chain. This compound RSU 1O47
has been studied in detail and has proved to be as efficient a
sensitizer as misonidazole in vivo, and in mice at least, appreci-
ably less neurotoxic. Some of the in vivo data from this study
are reproduced in Fig. 3 [14]. Tumour response was evaluated by
lung colony assay of the surviving colony-forming units following
irradiation after administration of either RSU 1O47 or misonida-
zole. For the Lewis lung carcinoma (upper panel), 1O47 and
misonidazole were given intraperitoneally 3O and 60 minutes
respectively before an X-ray dose of 12 Gy. For the Big melanoma
(lower panel), the respective intervals were 45 and 60 minutes,
and the X-ray dose, 15 Gy. The dotted lines in the Figure show
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the levels of cell survival in the sensitizer-free controls. The
right-hand ordinate shows the values of the enhancement ratios for
the different drug doses. Like misonidazole, the sensitization
enhancement ratios for RSU 1O47 are in excess of 2 for both
tumours. Since this drug is less neurotoxic than misonidazole
in mice, it warrants further development.

A closely-related sensitizer is the Roche compound Ro O3-8799,
a (3-hydroxypropanolamine derivative [15]. Like 1O47, its sensi-
tizing efficiency in vivo is comparable to that of misonidazole.
A significant feature of this drug is that it appears to be less
neurotoxic than misonidazole in experimental primates (Smithen -
private communication) in spite of the fact that at biological pH,
its lipophilicity is not lower than misonidazole. Preliminary
clinical studies with this drug have just been initiated (Dische -
private communication).
2.4. Development of more efficient sensitizers

Substantial progress has been made in developing drugs which
are more efficient than misonidazole on the basis of administered
dose. Increased therapeutic gain will be achievable if this can
be realised in the clinical situation without increasing neuro-
toxicity. Some of our current experimental studies in this field
include the following:

2.4.1. Super-active 4-nitroimidazoles

Some 4-nitroimidazoles substituted in the 5-position by sulphone
or sulphonate groups, e.g.
are most unusual in that their
sensitizing efficiencies in vitro
are considerably greater than could jj N — CH3
be predicted from their electron "NX^"
affinities [13]. Many compounds |
have been identified in this series, some H

of which are up to one hundred times more
efficient than misonidazole. So far only one compound in this
series has been evaluated in vivo (X=SO2-O.phenyl). It is fairly
toxic but shows some radiosensitization at non-toxic doses. A
large amount of chemosensitization, i.e. potentiation of the
cytotoxic action of melphalan, has also been observed in mice
bearing the MT tumour [16,17], Investigations are in progress
in this laboratory on both the radiation- and chemo-sensitization
properties of this unusual series of compounds.

2.4.2. Combination of sensitization and alkylating properties

The general phenomenon of chemosensitization, i.e. the
enhanced anti-tumour activity of various alkylating agents
observed when the agent is administered to tumour-bearing mice in
conjunction with misonidazole or some other sensitizers, is an
area of considerably current interest. Discussion of this recent
development is outside the scope of this paper. However, the
phenomenon of chemosensitization has prompted the study of the
radiation sensitizing properties of nitro-compounds in which an
alkylating function is attached to the molecule.

In 1979, Chapman and colleagues [18] showed that the Chester
Beatty compound CB1954 was an efficient radiation sensitizer in
vitro. We have confirmed this and shown that the compound is
considerably more efficient than misonidazole despite the
similarity in electron affinity 119]. This enhanced activity is
due to the alkylating activity of the aziridine group. This can
be demonstrated by the effect of the agent phenyl AIC which is
known to protect against the cytotoxic (presumably alkylating)
activity of CB1954 [20].
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FIG. 4. Radiation sensitization of hypoxic V79 by CB1954
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Fig. 4 shows the results of some in vitro sensitization
experiments with irradiated V79 cells. The enhancement ratios
are plotted as a function of drug concentration and compare the
sensitizing efficiencies of misonidazole, CB1954, and a related
aziridinyl derivative. Both aziridinyl compounds are consider-
ably more efficient than misonidazole. However, when the cells
are irradiated in the presence of CB1954 and phenyl AIC, the
enhancement ratio curve superimposes on that for misonidazole.

Some of our current synthetic work involves inserting
various alkylating functions into the 2-nitroimidazole nucleus
and other non-nitro containing sensitizers of high electron-
affinity. Since 1954 is known to sensitize in vivo, this
approach holds promise for the development of better radio-
sensitizers.
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THE CLINICAL POTENTIAL OF HYPOXIC CELL RADIOSENSITIZERS

J.M. BROWN
Department of Radiology,
Stanford University School of Medicine,
Stanford, California, United States of America

ABSTRACT

Experience with high pressure oxygen in combination with
radiotherapy has shown that, for some tumors at laast, the pre-
sence of hypoxic cells in a limiting factor in the ability to
cure these tumors even with conventional daily fractionation.
This suggests that hypoxic cell radiosensitizers, of which miso-
nidazole (MIS) is the prototype drug, may pJay a role in impro-
ving the cure-rate of some tumors when combined with daily frac-
tionation. Evon for those tumors for which no ^improvement is
seen when combined with daily fractionation, it is likely that
there will be an important role for these sensitizers by using
them in combination with regimens of only a few dose fractions.

Because of the limiting side effects of neuropathy, a less
toxic radiosensitizer than MIS is required to gain the full
clinical benefit of these drugs. A possible way of achieving
this is to reduce the lipid solubility (lipophilicity) of the
compounds whilst still retaining their electron-affinity. This
reduces the concentration of drug in the neural tissues (brain,
peripheral nerves) without affecting the tumor concentration.
However, if the lipophilicity is too low, the drugs are unable
to enter the hypoxic cells and hence lose their radiosensiti-
zing efficiency. It would appear that a lipophilicity given by
an octanol.-water partition coefficient of approximately 0.04 is
optimum, (cf. MIS = 0.43) with the 2-nitroimidazole amide
SR-2508 the best in this series. Tutaor levels of this drug of
7-8 times those obtained with MIS should be attainable clini-
cally for no increase in neurotoxicity.

Two other properties of electron-affinic sensitizers show
clinical promise. The first is their ability to bind irrever-
sably to hypoxic cells in the tumor, thus giving them the
potential of tumor detection in nuclear medicine. The second
is their ability to preferentially sensitize tumors compared to
normal tissues to the cytotoxic action of several chemothera-
peutic agents.

It is widely appreciated that hypoxic cells are resistant
to the cytotoxic effect of radiation. It is also known that
virtually all animal tumors so far studied contain these radio-
resistant hypoxic cells, and that these hypoxic cells determine
the dose of radiation that must be used to control these tumors.
We also know that at least for some human tumors the presence
of hypoxic cells limits their curability even in conventional
daily fractionated radiotherapy.

This has been shown by data obtained from clinical trials
of radiotherapy with hyperbaric oxygen. Table 1 shows the re-
sults of one such trial, a cooperative study by the British
Medical Research Council, in which carcinoma of the cervix
stage III was treated using conventional fractionated radio-
therapy with or without hyperbaric oxygen (HBO). Two points
are worthy of note from this study. First, with treatments in
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air, 6 fractions is clearly inferior to conventional daily
treatment of 25-30 fractions. Second, treatment of tumors with
hyperbaric oxygen increases the local control rate and 5 year
survival of the patients, dramatically so for the 6 fraction
treatments, but also for the conventional daily treatments. It
should be noted, however, that there was an increased morbidity
rate for the hyperbaric oxygen treatments so that we cannot con-
clude that the use of hyperbaric oxygen increased the thera-
peutic ratio. However, two important conclusions can be drawn.
First, that hypoxic cells are present and limit the control rate
of these tumors even in conventional daily fractionation.
Second, that the use of the hypoxic cell sensitizer, oxygen,
dramatically increases 5 year survival when less than an opti-
mum regimen (6 fractions) are given. This could be extremely
important for the use of chemical hypoxic cells sensitizers in
situations where resources are limited such as those in develop-
ing countries.

However, high pressure oxygen is expensive and difficult to
use. What is needed is a chenical sensitizer which acts in the
same way as oxygen, but which can reach the hypoxic tumor cells
and sensitize them to radiation. In 1974 such a group of
chemicals - the nitroimidazoles - was discovered by Adams and
his coworkers [1 ]. Misonidazole (MIS) is the best kno^m of
these radiosensitizers and it has been shown to be a highly
effective radiosensitizer of a wide spectrum of airmal tumors
[2]. It also appears to be active against human malignancies
[3,4]. It is clear, however, that the neurological s^de ef-
fects of MIS are a severe limitation to the drug levels, and
hence t^e degree of raHiosensitization, that c^in be achieved
[5-7]. Ideally, we would like a radiosensitizer approximately
5-10 times less neurotoxic than MIS with a same radiosensi-
tizing efficiency, so that approximately 5-10 times more drug
dose would be given so as to achieve maximum radiosensiti—
zation.

How can this be achieved? Since MIS is but one of a range
of actual, and potential chemicals which, because of their electron
affinity, will radiosensitize hypoxic but not oxygenated cells,
we have synthesized and tested compounds which might be super-
ior to MIS for clinical application. In this study we have
focused on obtaining a compound which is equal to MIS in :ts
radiosensitizing ability but which is less toxic.

Figure 1 explains the rationale for this work. We know
from the work of Adams and colleagues that the extent of radio-
sensitization is dependent on the electron-affinity of the
molecule [8]. For nitroimidazoles the electron-affinity is
determined by the ring structure as shown. It is also known
that the penetration of drugs into neural tissues (that is
across the blood-brain and blood nerve barriers) depends on
their lipid solubility or lipophilicity [9, 10] . This lipo-
philic'ty is largely governed by the aliphatic side chain at
the 1-position of the ring. In addition to affecting the
penetration of drugs into neural tissues, however, lipophil-
icity also governs other aspects of the pharmacokinetics, in
particular the plasma half-life of the drugs. This suggest a
second way in which toxicity could be reduced without affecting
the degree of radiosensitization. Since the extent of radio-
sensitization depends only on the concentration of drug in the
hypoxic cells at the time of radiation, whereas the toxicity is
likely to be a function of the area under the curve of drug
concentration versus time [11], it follows that a drug with a
shorter plasms half-life could be less toxic than one with a
longer half-life without being a less efficient radiosensitizer.
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We have tested this hypothesis by synthesizing a range of
2-nitroimidazoles of similar electron-affinity but differing in
lipophilicity - measured by the octanol:water partition coef-
ficient, P, by a factor of 100. For each of these compounds we
measured plasma, tumor, and brain levels in mice and in dogs
after a single injection. Figure 2 shows the results of this
study in mice. Similar results have been obtained in the dog
[12].

It can be seen from Figure 2 that the tumor/plasma ratio is
largely independent of partition coefficient over almost the
entire range studied from P values of 0.026 to 1.5. On the
other hand, the brain/plasma ratio shows a marked dependency
on lipophilicity at partition coefficients below approximately
0.4. These results suggest that compounds of low lipophilicity
might be less neurotoxic than MIS.

How about the ability of these 2-nitroimidazoles to sensi-
tize hypoxic cells? We have tested this both with tumors in
vivo and with hypoxic cells In vitro. For the EMT6 tumor trans-
planted intradermally in BALB/c mice we have found that all of
the compounds with a partition coefficient of 0.04 and higher
give equivalent levels of radiosensitization. However, below
partition coefficients of 0.04 there is clearly less radiosensi-
tization for equimolar injected doses. This is shown, for ex-
ample, by the comparison between the 2-nitroimidazole amide
SR-2508 (side chain = CH2CONHCH2CH20H; P = 0.046) and the
similar 2-nitroimidazole SR-2555 (side chain =
CH2CON(CH2CH20H)2; P = 0.026). Figure 3 shows the re-
sults of this comparison for equimolar injected doses. Despite
the fact that both drugs injected I.V. show similar peak tumor
levels and similar half-lives, the extent of radiosensitization
produced by SR-2555 is less than that produced by SR-2508. In
other experiments we have found that the extent of radio-
sensitization produced by MIS and SR-2508 are the same.
Results obtained with hypoxic CHO cells in vitro are similar.
All compounds with partition coefficients of 0.04 and above
show the same extent of radiosensitization, whereas as the
partition coefficient falls below this the compounds become
increasingly inactive as radiosensitizers in vitro [13].
This shows that the loss of radiosensitization i'n vivo for the
compounds of low lipophilicity is not due to their inability to
diffuse through the tumor to the hypoxic cells, but rather to
their inability to penetrate into these hypoxic cells. We have
recently confirmed this by measuring the intracellular concent-
rations of 2-nitroimidazoles as a function of their lipophil-
icity (Brown et al., in preparation).

Ue have also measured the neurotoxicity of a selected
number of these compounds using performance on an accelerating
rotarod as a measure of neurotoxicity. Table II shows the
results of drug toxicity testing for the four 2-nitroimidazoles
MIS, desmethyImisonidazole, SR-2508 and SR-2555. It can be
seen that as the partition coefficient is reduced, the toxicity
of the compounds is also reduced both in their acute toxicity
to a single dose of drug and in their neurotoxicity following
repeated daily injections as judged by the rotarod technique.
From these data, the relative toxicities Con a molar basis) of
MIS, DESMIS, SR-2508 and SR-2555 are 1:2.3: > 3.1: > 3.9 for
the neurotoxicity assay.

These data on the radiosensitizing effectiveness and on the
neurotoxicity (as judged both by peripheral nerve concentration
in the dog and on the rotarod assay in the mouse) have been
combined to produce an overall "therapeutic index". This is
shown in Figure 4. It can be seen from this data that SR-2508
*s close to the optimum compound for 2-nitroiinidazoles of sJmi-
lar electron-affinity to MIS and phase I clinical testing of
this compound is soon to begin in U.S. We would predict from
these mouse and dog experiments that tumor concentrations of
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SR-2508 of approximately 7-8 times those for MIS will be
achievable clinically for the same degree of neurotoxicity.
This should enable essentially maximum ra.-.Uosensitization of
the hypoxic cells to be achieved even in conventional daily
fractionation. With a compound such as this, we should finally
be able to answer the question of to what extent do hypoxic
cells in human tumors limit the curability of these tumors in
daily fractionation.

There are two other properties of these electron-affinic
compounds which make them exciting clinically. The first of
these arises from their ability to bind irreversibly to hypoxic
cells. This makes it possible to "see" these hypoxic cells in
tumors. This was first demonstrated by Chapman and colleagues
[14]. Figure 5 shows a typical result. This is an autoradio-
graph of an EMT6 tumor taken from a mouse which was injected
with l^C labeled MIS 2 hours before removal of the tumor. It
can be seen that there is an accumulation of radioactivity ad-
jacent to the necrotic areas of this tumor. Since the auto-
radiographic procedures removes all unbound MIS , this radio-
activity shows the presence of bound MIS. Since this binding
can only occur under hypoxic conditions, this demonstrates the
presence of hypoxic cells close to these necrotic areas. The
clinical potential of this effect arises from the fact that
even tumors of diameter of 1 mm can contain hypoxic cells.
Consequently if a radioactive label which can be detected
externally is attached to the MIS the prospect of being able to
detect even small tumor deposits becomes a possibility.

Finally, a third property of these 2-nitroimidazole sensi-
tizers which has clinical potential is the recent finding that
they are capable of preferentially sensitizing tumors compared
to normal tissues to the cytotoxic action of several chemothera—
peutic agents, in particularly the alkylating agents cyclophos-
phamide and melphalan and the nitrosourea CCNU [15-19].
Although these studies have been performed with doses of misoni-
dazole which are 5 to 10 times higher than those which can be
achieved clinically, we have recently found that significant
chemosensitization occurs for tumors under conditions in which
the pharmacokinetics of MIS in humans has been simulated in the
mouse [20]. Figures 6 and 7 show data for cyclophosphamide (CY)
and for melphalan (L-PAM). In each figure the upper curve shows
the data for the response for the RIF-1 sarcoma to increasing
doses of the alkylating agents given either with or without MIS.
The lower of each figure shows the plasma concentrations of mi-
sonidazole achieved in the same animals as used for the tumor
response. These plasma levels were obtained by giving multiple
small injections of HIS every half hour in the mice. It can be
seen that the plasma concentrations obtained closely simulate
those reported for humans [21] following a single oral adnr'nis-
tration of 7 grams of MIS. In each case, the dose of alkyla-
ting agents uas given at 4 hour? after the start of this pro-
longed exposure to MIS. As can be seen the tumor is rendered
more sensitive to the alkylating agent by a dose modification
factor of approximately 2.0. In parallel experiments we also
measured the response of the bone marrow stem cells (CFU-S) and
white blood cells to these alkylating agents with or without the
prolonged MIS exposure. For each of these two dose limiting
normal tissue endpoints, no sensitization to the chemothera-
peutic agent was produced by MIS. Thus the enhancement ratios
for the tumors (measured either as surviving fraction or as re-
growth delay) represent therapeutic gains. Thus, the use of MIS
in combination with several chemotherapeutic agents suggests
that a tumor response essentially equivalent to doubling the
dose of the chemotherapeutic agents may be obtained for no
additional increase in a normal tissue toxicity.

In summary, we have reached a point in radiosensitizer
development where we may soon have a compound which can be
given in combination with daily fractionated radiotherapy at
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doses which produce maximum radiosensitization of the hypoxic
tumor cells. Clinical results already obtained with treatment
of carcinoma of the cervix in combination with hyperbaric oxy-
gen already indicate that, for this tumor at least, hypoxic
cell sens "ft* zers may improve their cure rate. Even for those
tumors which show no improvement with radiosensitizers given
with conventional daily fractional on, the use of hypoxic cell
sensitizers could nevertheless be extremely useful when comb-
ined with a limited number of radiation fractions. Under these
conditions we would expect comparable results with sensitizers
with a few fractions as are now achieved with conventional
daily fractionation. We will also finally be able to answer
the question of whether hypoxic cells in human tumors really
matter in radiotherapy.

In addition to their ability to radiosensitize hypoxic
tumor cells, the electron-affinic radiosensitizers have two
other properties which may render them of clinical importance.
The first of these is their ability to bind irreversibly to
hypoxic cells in the tumor, thus suggesting the possibility
that they may provide an affective means of detecting even
small tumor deposits in the body. The second property which
may make these compounds clinically useful is their ability to
preferentially sensitize tumors to the cytotoxic action of a
variety of chemotherapeutic agents. The precise mechanism for
this effect is as yet unknown, and is an active area of invest-
igation at the present time.
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TABLE J; MRC Hyperbaric Oxygen Trial,
Carcinoma of the Cervix Uteri, Stage III. [ 2 1 ]

5-yr Survival
6 Fr. Portsmouth (37 pts)
6 Fr. Oxford (23 pts)
25 Fr. Glasgow (127 pts)
30 Fr. Mt Vernon (56 pts)

Local Control 5 yr
Glasgow
Mt. Vernon

Severe Morbidity
Bowel

HBO

42%
46%
50%
39%

87%
76%

12%

Air

17%
8%
37%
28%

60%
50%

4%

Comments

In air results
were poor

Combined
P < 0.05

Highly signifi-
cant differences

TABLE II; COMPARATIVE TOXICITIES OF FOUR 2-
NITROIMIDAZOLES TO BALB/c MICE.

Com-
pound

MIS

DESMIS

SR-2508

SR-2555

P1

0.43

0.13

0.046

0.026

Acute LD50/2d with (95% C.I.)
mg/g

1.7(1.5-1.9)

3.4(3.2-3.6)

4.9(4.3-5.6)

8. 9(7. 9-30.0)

mmole/kg

8.5(7.5-9.5)
18.2O6.9-1Q.3)
22.9(20.1-26.2)

34.5(30.6-38.8)

Daily dose 2
to give neuro-
pathy

rag/g
0.6

1.3

>2.0

>3.0

mmole/kg
3.0

7.0

>9.3

>11.6

The octanol:water partition coefficient

2 Defined as 50% reduction in rotarod retention tine 4-5 weeks
after the start of daily (5 x/wk) drug injections.

2-NITROIMIDAZOLE DESIGN CONSIDERATIONS

ELECTRON-AFFINITY

RADIOSENSITIZATION

LIPOPHILICITY

PHARMACOKINETICS
& TOXICITY

Fig. 1: The structural formula of MIS showing that the
nitroimidazole ring largely determines the
electron-affinity of the molecule, while the aliphatic
side-chain at the 1-position primarily governs its
lipophilicty.
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O SALINE
A A SR—2555, 2 mmole/kg i.v.
a m SR-2508, 2 mmole/kg i.v.

30 60 90 120 150 180
TIME AFTER DRUG ADMINISTRATION (min)

210

Fig. 3: Upper panel: The concentration of SR-2508 and SR-2555
in EMT6 tumors at various times after an i.v.
injection of 2 mmole/kg of each drug.

Lower panel: The surviving fraction of the cells of
the same EMT6 tumors as in the upper panel after a
dose of 20 Gy given to the tumors at different times
after an i.v. injection of 2 mmole/kg of either
SR-2508 or SR-2555. [From Brown et al., Int. J.
Radiat. Oncol. Biol. Phys. (in press)].
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(DOE P N. CONCJ
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0
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Fig. 4: The derivation of a "therapeutic index" for three
2-nitroimidazoles which are less lipophilic than MIS
(cf. MIS = 1). This index is based on two estimates
of drug toxicity: the rotarod assay in mice (Table 2)
and the peripheral nerve concentrations in the dog
[12]. It is also based on the peak tumor concen-
tration of each drug after an equimolar i.v. injection
in the dog [12], and on the radiosensitizing
efficiency of each drug for hypoxic cells in vitro
[13]. These are multiplied together in the appro-
priate way to give the "therapeutic index", which is
essentially the equivalent concentration of MIS, for
each of the drugs, to give the same level of neuro-
toxicity as does MIS.
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Fig. 5: An autoradiograph of a portion of an EMT6 tumor from a
BALB/c mouse injected 3 x with 1.5 yCi/g body weight
of 14C-MIS. The injections were spaced at 30 min
intervals and the tumor was removed from tjie mouse 3
hr after the first injection.
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O SALINE * CY
0 MIS (multiple) * CY

A MIS (750mg/kg) * CY

0 25 5O 75 100
DOSE OF CYCLOPHOSPHAMIDE (mg/kg)

ioo

50

I--1

• MOUSE
. _ HUMAN AFTER 7g ORAL

MIS (URTASUN)

2 4
TIME (hr)

8

Fig- 6: Upper panel: The surviving fraction of RIF-1 tumor
cells from mice injected 24 hour previously with
varying doses of cyclophosphamide (CY). The "multiple
MIS" group were injected with CY 4 hr after the start
of the multiple MIS injections which gave the plasma
profile shown in the lower curve. The other MIS group
received CY 30' after a single MIS injection of 750
mg/kg.

Lower panel; The concentration of MIS in the blood of
the mice injected with MIS every 30* (1st injection
0.6 mmole/kg, subsequent injections 0.15 mmole/kg).
The dashed curve shows human data for blood concentra-
tion of MIS obtained by Urtasun et al., [21].
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16

12-

OSALINE* L-PAM

• MIS* L-PAM

2 4 6 8
DOSE OF L-PAM (mg/kg)

8
^50

X*

• MOUSE
_ _ HUMAN AFTER 7g ORAL

MIS (URTASUN)

8

TIME (hr.)

Fig- 7: Upper panel; The growth delay of leg implanted RIF-1
tumors given various doses of melphalan (L-PAM) either
to saline injected mice or to mice given multiple
injections of MIS designed to simulate the human
pharmacokinetics of this drug. The L-PAM was injected
4 hr after the start of the multiple dose regimen.

Lower panel; The concentration of MIS in the blood of
the same mice as above. MIS was injected every 30'
(1st injection 0.3 mmole/kg, subsequent injections
0.15 mmole/kg). The dashed curve shows the human data
for blood concentration of MIS after an oral dose of 7
8 [21].
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ABSTRACT

I'xtcr.sivt1 J rive -;t itiatior.j; to <;oart:h nor'.! h- 'Cacti vo and loss
t o x i c rat": ioser:!-..'! t iz fcr to hv:,oxic ce l l s tl.an nisor.idazolo Vrpro
carried out. It h&K boon co-i<; idrrod Lhc. t i.v.- neurotox ic I ty of.
mii-o:iida/.olo was n.-iin!y due: to -i:tro subct Ituprit which if.;
bour.diid to imidazoli- riuu. L'i.-;tt ad of tl.o nit'-o group, tnariv
typc-s of sulfur group wore introaucod to L:IC ii"if:axole r i ng .
Usua l ly trie- radio;;e:iyi rix.d r.t* a b i l i t y of f"p con-soun.t; is supposed
to be rolatpa to tho elc't-troii uTinitv. Tiiorc '"ore, a<~ a:.
Lnci iua^or o.C tSe electron a f f ' - i i t 1 . ' , tl.f. now(^r>t unocr;ir. Led
mojocular o rb i ta l (LU"0) Icvc1! of t'.icso comr.oundr were, aetor-
mincci by Uit- MO calculation us ing TNDO/^ mothon. T:io LUMO Jovol
oj? r":u-so <:om:!Oiind:j woro alraont; <-am< a<~> tl-.at oC nlr.oRidaao]^.
Fxr< :c j r . i r . g good radiopcinsitdz i nq i j f foc 4 : oC r.hst:r. compounds, t't'.ti
rad ia l ion onnai'.corir.n',- rat.io t-o -:ic r-.vooxic < ; i > l l ' : woro tested in
v i L r o . To gc'L •. i:o i iy roxic collo .'n vi t ro, ilol.a S!! c:t-l Is wort1

fl usi.p.c: hy 9-i" ^j f- '.>.' C..'0? yns in minimum OK.->ont iai modiu in .
Oxygrtii cnhcnoeaif.-nl: ra t io (orR) was mca'.i-.ir.xi at/out 3 ir. ti-.is
:>vf.:ten. IJr .Corts jr .a teLy, tho sul '";:r com::ou::ti.-.i liavr no radioson-
siiiizaLion to K-io hvpoxic cells. Sir.cc- the; rad iosen-jH'i/ . i;:g
abJ 1 i I •• otii-rnod nor diroctly to >)« rolatod to tho electron
aff ir i t" and the; ran ioso^oiLi x,in(j c'T^ocL of iri son idaxoli.- m u f t
be ir.ainlv (iuo to tho ndtro aubd t i tuenL, cortai!1. diniLroinidazolx:
d< r.i vat Lvc-^r: (e.q. 2,'l-dinitrodnidazolc--]-f tiiar.ol) wore fiirch.tr
.;! r.e. i -v : ~*>r I ":)( : crc i.'vi-! ntj lo.si . It w t i ' > foMrul l l i i i t ti'.i:.; ro:n-L-o.i,<"i
'lAd t:i« radiofionsi-i.izing o f focL to Lho .lyrjoxic colly about tftn
time.1; arnat(-r ti-.aii ni . ' jonidazolh. Tl.p cvcotoxici ty of this
compound v.a.<. dlso investicjativl in our hy i /ox i< ; nyntem and was
fount; to have Lv:ico atj much, than n i son itiazo Le. rurLhor invo.-.;-
t i u u L i o n of rl..i.-; t;ompou:id i?; noc^s&arv to ap:: i y animal cx:;ori-
met-ta and clinical. as«.

The prftsenco of hypoxic colls in mail i .jriar.t sol id tumor is
an important nroblem in canc<>r radiotherapy, bocausw those
hyooxic cells arc about "i t imes radiorosistanL for the usual X
and/or gamma r a y u . [ 1 , 2 , T l At. fd r s t , to change the environmental
cor.d.ition OL hypoxic cells to aerobic, tho 'n'per-baric oxygon
chambers (I!3O) wore Introduced in radiotliorapy. There are some
reports pavinq tht; radiotherapy wl.th liBO could tjct better treat-
ment results than usual radiotherapy, but the application of
TII3O in radiotherapy subsided gradually because1 it required
groat oTfor ts for tho daily clinical prac t ices . [4 ,5] Another
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method to overcome the radioresistant hypoxic cells in tumor is
the use of high linear energy transfer (LET) particles in radio-
therapy. From many fundamental experiments the high LET radio-
therapy is thought to be quite effective to kill the tumor cells
even at the hypoxic condition. Indeed, many clinical studies
have been reported about the effectiveness of the high LET
radiotherapy. However, the superiority of the high LET radio-
therapy over the usual X-or gamma-ray has not been proven enough
in clinical practice.[6,7] Furthermore, for developing country,
it is not advisable to build the high LET radiotherapy machine
because it requires enormous amount of money, time, staff,
space, electricity, water, etc.. And because of its poor
performances, the high LET machine will be able to treat a few
patients a day. Even in the industrialized countries such as
England, United States, Canada and Japan, very small number of
high LET machines are available for clinical use, though there
are a large number of cancer patients who are candidate for the
high LET radiotherapy. Therefore, there are urgent necessities
of some substitution of the high LET radiotherapy.

Since Adams and Dewey suggested that the substances with
high electron affinity could sensitize the hypoxic cells to
radiation, many compounds have been studied such as TAN, PNDP,
Flagyl etc..[8,9] Among them, the most successful one is the
use of 2-nitroimidazole derivative (misonidazole) in conjunction
with the usual X-or gamma-ray radiotherapy (FIG.l). Already
phase HI clinical trials have been started in England and
United States and phase n trials have been on the way in Japan
expecting good radiosensitizing effects of misonidazole.[10,11]
However, many phase I clinical trials revealed that misonidazole
has not only radiosensitizing effect to hypoxic cells but also
has the neurotoxicity especially to the peripheral nerve.
Because of the neurotoxicity a total dose not exceeding 10-12 g/m2
is now recommended. When 10 g/m2 of misonidazole are given to
the patient with conventional fractionated radiotherapy (i.e.
60 Gy/ 30 fraction/ 6 weeks), daily dose of the drug will be
about 330 mg/m2.[12] In this case, Japanese phase I clinical
trial revealed that the maximum serum concentration will be
about 15 yg/ml and from our experiment in vitro using HeLa S3
cells, there was almost no obvious radiosensitization in such
a thin concentration of the drug (FIG.2). Efforts have therefore
been made to develope less toxic and more effective alternatives
which possess similar or greater sensitizing effect than misoni-
dazole. On the other hand, the hypoxic cell sensitizing ability
of the compounds is supposed to be directly relate to the ele-
ctron affinity of the molecule and this is regarded as one of
the criteria for choosing particular hypoxic cell sensitizer.
[13,14,15] The electron affinities are measured by reduction
potential, Hamett constants, polaro graphic half-wave potentials,
etc.. Therefore, as an indicator of the electron affinity, the
lowest unoccupied molecular orbital (LUMO) level of many com-
pounds were determined by the molecular orbital calculation
CNDO/2 method.[16] If there is another electron with-drawing
substituent at a suitable position on the imidazole ring of
misonidazole, higher electron affinity can be expected.

The neurotoxicity of misonidazole is seemed to be due to the
nitro substituent which is bounded to imidazole ring. At first,
it was attempted to design and synthesize a series of imidazole
molecules containing oxidized sulfur groups in place of the
nitro group in the hope of obtaining improved radiosensitizing
drugs. Molecular structure, electron affinity in terms of LUMO
level, and sensitizing effect for hypoxic HeLa S3 cells are
shown in TABLE I. FIG.3 illustrates our method to get hypoxia.
In brief, 2.0 x 10 cells were suspended in 0.5 ml Eagle's
minimum essential medium in a plastic tube. The tubes were
stoppered with tightly fitting rubber diaphragms; these were
punctured with two injection needles connected via a 3-way
stopcock to a hypoxia system. Hypoxia wa« produced by flushing
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the medium for 60 min with 95% nitrogen and 5% carbon dioxide
gas through one injection needle under gentle shaking. Hypoxia
less than 5 mmHg was obtained within 30 min. To calculate the
radiosensitizing effects of the compounds, the surviving
fraction of the cells were measured using colony formation
method. The detail of the procedure was already reported
elsewhere.[17]

Unfortunately, newly synthesized imidazole derivatives
which contain many oxidized sulfur group did not show any
radiosensitizing effect to hypoxic HeLa cells. From these
results, it seemed that the nitro group in molecular structure
is essential to get the radiosensitizing effect to hypoxic
cells.[18] Prom this point of view, we synthesized and studied
another imidazole molecule which contains two nitro group in
the ring (e.g. 2,4-dinitroimidazole-l-ethanol) as shown in
FIG.4. Calculated LUMO value of this drug is 0.04 eV and it
is considered to have higher radiosensitizing effect than
misonidazole. FIG.5 shows the survival curves for 2,4-dinitro-
imidazole-l-ethanol treated or untreated HeLa S3 cells
irradiated in the presence and absence of oxygen. At up to 5 mM
of 2,4-dinitroimidazole-l-ethanol, increased sensitization was
observed. In our system, the Do value for hypoxic cells was 6.7
Gy; it was 1.96 Gy for aerobic cells; the calculated oxygen
enhancement ratio was 3.42. The Do value for hypoxic cells in
the presence of 0.1, 0.5, 1.0 and 5.0 mM 2,4-dinitroimidazole-
l-ethanol was 4.74, 3.3, 2.91 and 2.22 Gy, respectively. And
the enhancement ratio of 2,4-dinitroimidazole-l-ethanol to
hypoxic cells was 1.44, 2.07, 2.30 and 3.02 at the tested drug
concentration. FIG.2 shows the radiation dose survival curve
of HeLa S3 cells with and without misonidazole. From this
figure, the enhancement ratio of misonidazole was 1.32 and 1.95
at 1 and 5 mM, respectively. The enhancement ratio obtained
with 1 mM misonidazole (1.32) was similar to that noted with
0.1 mM 2,4-dinitroimidazole-l-ethanol (1.44). The enhancement
ratio obtained with 5 mM misonidazole (1.95) could be achieved
with only one-tenth of the concentration (0.5 mM) of 2,4-
dinitroimidazole-1-ethanol. However, 2,4-dinitroimidazole-l-
ethanol also has the cytotoxicity. Many experiments revealed
that misonidazole has selective cytotoxicity to hypoxic cells.
We tested the cytotoxicity of 2,4-dinitroimidazole-l-ethanol to
HeLa S3 cells in comparison with misonidazole (FIG.6).
In aerobic condition, 10 mM misonidazole did not show any cyto-
toxicity to HeLa S3 cells but 2,4-dinitroimidazole-l-ethanol had
cytotoxic effect. After 5 h exposure, the surviving cell frac-
tion was reduced to 0.5 and 0.02 in the presence of 0.5 and 5 mM
2,4-dinitroimidazole-l-ethanol, respectively. In hypoxic
condition both drugs showed marked cytotoxicity. After 5 h
exposure to 5 mM misonidazole under hypoxia, the surviving cell
fraction decreased to 0.1 and in case 5 mM of 2,4-dinitroimida-
zole-1-ethanol, the surviving cell fraction reduced to 0.05.
It means, as compared with misonidazole, the cytotoxicity of
2,4-dinitroimidazole-l-ethanol, in terms of concentration,
doubled after 5 h exposure to 5 mM. Right now, we do not have
any evidence that the neurotoxicity of nitroimidazole derivatives
is due to the cytotoxicity. However, even if these two toxicity
are parallel, it will be able to say that 2,4-dinitroimidazole-
l-ethanol has about 5 times effective radiosensitizer to hypoxic
cell than misonidazole in vitro. Neurotoxicity is a main
difficulty of wide use of misonidazole in the usual radiotherapy.
Further in vivo experiment will clarify whether 2,4-dinitro-
imidazole-l-ethanol is an effective radiosensitizer to the
hypoxic cells or not.
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CLINICAL STUDIES ON
HYPOXIC CELL SENSITIZERS

CLINICAL TRIALS OF HYPOXIC CELL SENSITZER MISONIDAZOLE IN JAPAN

Y. ONOYAMA
Department of Radiology,
School of Medicine,
Osaka University,
Osaka, Japan

Abstract

Radioresistance of hypoxic tumor cells is thought to be one
of the limiting factors in the local tumor control by ionizing
radiation. One of the promising method to overcome this problem
is the use of chemicals which can selectively sensitize hypoxic
cells. Misonidazole is shown to be an efficient radiosensitizer
of this group in animal tumors,and is now in clinical evaluation
in several countries.

To assess the safety and pharmacology of the drug in Japan-
ese, a total of 106 patients with advanced malignancies were
evaluated on the dose regimens of once,twice and 5 times a week,
with fractional doses ranging from 0.3 to 2.0 g/m body surface.
Mean plasma levels at the time of irradiation,4-5 hours after
oral administration,were 24.3 yg/ml at the doseage of 0.5 g/m2,
43.6 yg/ml at 1.0 g/m2,and 81.4 yg/ml at 2.0 g/m respectively.
Various kinds of adverse reactions were observed during the rad-
iotherapy combined with misonidazole,however principal ones were
gastrointestinal disorders and neurotoxities. Excluding trans-
ient and equivocal neurotoxity,peripheral neuropathy was noted
in 4 patients,ototoxity in 2 and central nervous symptoms in the
remaining one. Incidence of neurotoxity was related to total
dose,fractional dose and interval. Maximum total dose of 10.0 g
/m2,provided that fractional dose does not exceed 1.5 g/m2 for
once a week schdule,1.0 g/m2 for twice a week,and 0.5 g/m2 for
5 times a week,seems to be the limit of tolerance to misonidaz-
ole in Japanese.

Although our study was not designed to evaluate the efficacy
,some observations on the response of tumors have been obtained.
Our clinical impression suggest that the drug is effective about
two thirds of the patients who were evaluable for primary effect
as compared with historical controls. Double blind control study
for lung cancer,esophageal cancer,brain tumors,head and neck
cancer and cervical cancer is now ongoing under collaboration of
about 40 institutions in Japan. The result of this study will be
analysed at late 1982.

1.Introduction
Hypoxic cells are known to be more resistant to the effect

of ionizing radiation than oxic cells by factor 2.5-3.0 [1].
Radioresistance of hypoxic tumor cells in solid neoplasms is re-
garded as one of the limitimg factors in the local control of
the tumor by radiation. Attempts to improve this situation in-
volve the use of hyperbaric oxygen,high LET radiation and radio-
sensitizers,however one of the most promising and convenient
method is the use of chemicals which can selectively sensitize
the hypoxic tumor cells without any effect to normal oxic cells.
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Among this group of chemicals,nitroimidazole derivates,especial-
ly misonidazole has . proven to be an efficient hypoxic cell sen-
sitizer in cultured mammalian cells and in certain animal tumor
models [2,3]. Several problems,such as tolerance dose in man and
efficacy in fractionated irradiation used in clinic,remain to be
solved before its therapeutic use,however misonidazole is now
in clinical evaluation in several countries [4,5,6,]. In Japan,
experimental studies of the drug were initiated in 1976,and the
clinical trial,to determine its safety and efficacy,started in
1979. The purpose of this paper is to describe the early results
of our clinical trial of misonidazole which is still ongoing in
Japan.
2.Phase I study of misonidazole in Japan.

Clinical trial to assess the pharmacokinesis and safety of
misonidazole in Japanese was initiated in March 1979 under co-
llaboration of 7 institutions,Departments of Radiology,Gumma
University,Tokai University,Kyoto University,Kyoto Prefectural
University,Osaka City University,Kawasaki Medical School and
Yamaguchi University,and was closed in June 1980.

Based on data available from Phase I studies in the United
Kingdam,Canada and the United States,dose regimens of misonida-
zole were determined by discrimination analysis,which allowed
the occurence of neuropathy in less than 15% of the patients.
Seven dose regimens were adopted in our Phase I study,1.0,1.5,
and 2.0 g/m2 once a week with the maximum total dose upto 10.0
g/m2,1.0 and 1.5 g/m2 twice a week upto 10.0 g/mz,0.3 and 0.5 g/
m2 5 times a week upto 8.5 and 6.5 g/m2 respectively. Misonidaz-
ole was given orally 4-5 hours before radiation therapy.

A total of 106 patients,irradiated for various malignancies
,were entered to the clinical trial. They were all adults with
advanced solid tumors of mixed primary and histology,brain tumor
in 25 patients,head and neck tumor in 24,lung and mediastinal
tumor in 41,esophageal cancer in 9,cervical cancer in 3,and
other miscellaneous in the remaining 4. Twenty-two patients re-
ceived single weekly doses,29 two weekly doses,44 five weekly
doses and 11 received doses other than the planned dose schemes,
with mean total dose of 7.09 g/m2 for all patients(Table I).

Plasma concentration of misonidazole and its desmethyl de-
rivate was measured by HPLC method in 68 patients. Plasma levels
reached to the peak value at 2 hours after oral administration
and exponentially decreased with a mean half life of 12 hours.
Concentration at the time of irradiation,4-5 hours,was in good
corelation with the fractional dose. Mean values for the sum of
misonidazole and its derivate were 23.6 yg/ml at a dose of 0.5
g/m2,43.6 pg/ml at 1.0 g/m2 and 81.4 JJg/ml at 2.0 g/m2 in total
of 251 determinations(Table II). Meal ingestion before drug ad-
ministration seemed to have some effects on the plasma level.
Among the patients, who received five weekly doses, a certain
accumulation of the drug,upto 40% at the weekend,was observed,
however the concentration usually returned to the'original level
after 3 days interval of weekend. Urinary excretion of the drug
was measured in 10 patients. The total percent excretion over 24
hours of both misonidazole and its desmethyl derivate ranged from
6 to 122 of the oral dose.

Adverse reactions during and after the radiotherapy combined
with misonidazole ammounted cummulatively to 60 reactions in 33
patients,22 gastrointestinal disorders,19 neurological symptoms,
4 skin rashes,2 elevation of serum transaminase,and 13 other
kinds of reactions(Table HI). About two thirds of these,or 38
symptoms,were regarded as side effects of misonidazole treat-
ment by the experimenters. Gastrointestinal toxity,such as nausea
and vomiting,often occurred at the time or after the radiation,
and seemed to be fractional dose related. Patients at higher dose
levels had higher incidence of symptoms. Hypersensitive skin
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rashes,considered as the result of misonidazole treatment,were
recorded in 2 of our patients. Maculopapular rashes appeared on
the legs and trunk after a total dose of 2.0 and 4.0 g/m2 of the
drug,however they disappeared spontaneously after the cessation
of misonidazole administration. Elevation of serum GOT and GPT
level was encountered in 2 patients after a dose of 4.0 and 8.5
g/m2 respectively,but fortunately it returned to the normal level
without special treatment.

Neurological symptoms were noted in 12 patients during or
after the combined therapy,however they were very transient or
equivocal in 5. The remaining 7 patients were recorded as having
an unequivocal neuropathy caused by misonidazole. The incidence
of neurotoxity was 4 of 33 female patients and 3 of 73 males re-
spectively. Four of them had peripheral sensory neuropathy,2 had
ototoxity,and one patient exhibited central nervous symptom,such
as vertigo,excitation and hallucination. All but one were the
patients with bronchogenic carcinoma,and had received a rather
higher dose of the drug by once or twice a week regimens.Neuro-
pathy was fortunately reversble in all cases. Incidence of neuro-
toxity was clearly related to the total ammount of the drug.
Patients receiving a total dose of less than or equal to 10.0 g/
m2 had an incidence of 4 if 83 patients(4.8%).compared to patients
receiving more than 10.0 g/m who had an incidence of 3 of 18(16.
7%) (Table IV). Among the patients receiving a total dose under
10.0 g/m ,neuropathy occured solely in those received single
weekly dose over 2.0 g/m or two weekly doses over 1.5 g/m2 of
misonidazole(Table V). Therefore,the incidence of neuropathy was
mainly related to total dose,but also related to fractional dose
and number of fractions per week in our patients.
3-Radiosensitizing effect of misonidazole

Although Phase I study was designed to evaluate toxity and
pharmacology of the drug, some observations have been obtained
on the response of the tumor irradiated with misonidazole. It
was the clinical impression of experimenters that the drug was
effective in about two thirds,or 31 of 48 patients evaluable for
primary effect,especially in those with squamous cell carcinoma
of head and neck,lung anf esophagus(Table VI). According to my
own experience on 27 patients in Osaka City University,the same
trends were noted. Beneficial effect was remarkable in the maj-
ority of the patients with squamous cell carcinoma (9/16) and
undifferentiated large cell carcinoma (2/2),but less marked in
the case of adenocarcinoma (2/5) and glioma (1/4).Preliminary
study at Kyoto University on the effect of misonidazole to reg-
ression of esophageal carcinoma revealed that the dose of radia-
tion required to reduce the length of filling defect to 50% of
the initial value decreased by factor about 2 as compared with
the historical control.

As far as the clinical impressions in these preliminary
studies concerned, misonidazole seems to be an useful radiosens-
itizer at tolerable dose level, however a randomized control
study is necessary to determine the efficacy of the drug in
human cancer therapy. Double blind Phase III study for lung cancer
,brain tumors,head and neck cancer,esophageal cancer and cervix
cancer has been organized under collaboration of about 40 insti-
tutions,and is ongoing now (Table VII). The result of this study
,including primary tumor effect,quality and quantity of the surv-
ival etc,will be analysed late 1982,therefore we cannot afford
any definitive conclusion on the clinical efficacy of misonida-
zole at present.
4.Conclusion

Misonidazole is the first hypoxic cell sensitizer showing
considerable promise of possible benefit in clinical radiotherapy
.Unfortunately,toxity limits the applicable dose,however it can
be employed with minimal side effects upto the total dose of 10.0
g/m ,provided that fractional dose does not exceed 1.5 g/m once
a week,1.0 g/m2 twice a week and 0.5 g/m2 5 times a week in Jap-
anese. We have seen several patients who have had encouraging
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clinical response even at these dose levels, therefore we cont-
inue to pursue its clinical usefulness by a randomized control
trial.

Misonidazole is not the ideal radiosensitizer mainly because
of its neurotoxity, but rather regarded as the first generation
drug for hypoxic tumor cells. Cooperative study of pharmacologist
,radiobiologist and radiation oncologist is urgently needed to
develop new chemicals which may have more favorable ratio of
sensitizing effect to morbidity.
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Table I.Distribution of Patients According
to Drug Schedules and Total Dose

«^Drug Schedule
"̂̂ "̂^̂""""•̂.̂^
Total Dose^>«>^

< 5.0 g/m2
< 7.5 g/m2

< 10.0 g/m2
< 12.5 g/m2
< 15.0 g/m2
< 17.5 g/m2
Body Surface
Exactly Unknown

Total

A

1.0
g/m2

8
5
2

15

B
1/W
1.5
g/m2

2
2

4

C

2.0
g/m2

1
1
1

3

D
2/W

1.0
g/m2

2
5
9
7
1

24

E
1.5
g/m2

3
1
1

5

F
5/W

0.3
g/m2

6
12
4
3
1
1
2

29

G Others
0.5
g/m2

2 6
6 2
4
1
2

3

15 11

Total

24
33
25
13
5
1
5

106

Mean Total Dose =7.09+0.32 g/m2

Table II.Dosage of Misonidazole and Mean Plasma Level
4 Hours After Oral Administration(0582+9963)

Dosage
(g/m2)
0.3
0.5
0.7
1.0
1.0*
1.5
1.5*
2.0
2.0*

No. of Doses

129
34
42
23
2
5
3
12
1

Mean Plasma Level
( ug/ml)

15.51 +
23.41 +
29.58 +
43.60 +
46.14 +
81.38 +
52.73 +
81.40 +
90.30

+_ S.E.

0.37
0.78
1.67
2.56
0.43
5.02
1.80
3.45

* After Breakfast
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Table HE.Adverse Reactions Among 106 Patients
(Cummulative Incidence in 33 Cases)

Symptom Number of Patients

Numbness
Paresthesia
Dizziness
Hallucination
Excitation
Lacrimation
Convulsion
Depression
Deaf ness STinnitus
General Malaise
Fever
Skin Rash
Anorexia
Naus ea
Vomiting
Epigastrial Discomfort
Constipation
Stomatitis
Leukopenia
GOT.GPT Elevation
Blood Pressure Elevation
Total

8
2
2
1
1
1
1
1
2
4
6
4
8
8
3
1
1
1
2
2
1
60

( 5)
( 2)
( 1)
( 1)
( 1)
( 1)

( 2)
( 4)
( 3)
( 2)
( 5)
( 7)
( 1)
( 1)
( 1)
( 1)

( 38)

( ) seems due to Misonidazole

Table IV.Cummulative Dose and Manifestation
of Neuropathy(Unequivocal Cases)

Cummulative Dose

< 5.0 g/m2

< 7.5 g/m2
< 10.0 g/m2

< 12.5 g/m2
< 15.0 g/m2

Body Surface
Exactly Unknown

Incidence of

I/
I/
2/
21
I/

o/

27 -I
32 ]
24 J
13 1
5 J

5

Neuropathy

k 4 / 83 ( 4.8%)

„ 3/ 18 (16.7%)

Total 7/106 ( (,.(.

75



Table V.Incidence of Neuropathy According to
Fractional Dosage(Unequivocal Cases)

Total Dose

< 10.0 g/m2
1/W
2/W
5/W

> 10.0 g/m2
1/W
2/W
5/W

Fractional Dose (g/m2)
< 0.5 < 1.0 < 1.5 < 2.0 > 2.0

0/11 O/ 5
0/12 I/ 6

0/32 O/ 2

0/32 0/25 1/11
% ^^y

1/68(1.5%)

0/2 2/7
1/6 0/2
1/6 0/4 2/7

3/17(17.6%)

1/4 0/1
21 2

3/6 0/1
V _[ m***^

3/7(42.9%)

0/1

O/ 1
' —— v —— •
0/1

Table VI.Sensitizing Effect of Misonidazole
(Impression of Experimenters)

Tumor

Brain
Head & Neck
Lung & Mediastinum
Esophagus
Uterus
Others
Total

Cases

25
24
41
9
3

__ 4_
106

Positive
1
6
15
5
1
3.._
31

Enhancement
Negative Non

6
4
6
0
0

_J-
17

Evaluable
18
14
20
4
2

_D_

58

Table VII.Control Clinical Trials of Misonidazole in Japan

Site of Tumor
Lung

Esophagus

Brain
Glioblastoma
Metastasis

Date Opened
Oct.

Jan.

Feb.
Feb.

'80

'81

'81
'81

0.
1.
0.
1.

0.
0.

Drug
5
0
5
0

5
5

g/m
g/m
g/m
g/m

g/m
g/m

Schedule
2
2

2
2

2
2

5/W
2/W
5/W
2/W

5/W
5/W

X
X

X
X

X
X

20
10
20
10

20
20

No. of Patients
200
100
200
100

100
100

Head & Neck T2< or N3 Feb. '81
(Meso-,Hypo-pharynx,
Oral and Larynx)

Uterine Cervix Feb. '81
Stage IE & IVa

0.5 g/m2 5/W x 20
or

0.6 g/m2 4/W x 16
0.5 g/m2 5/W x 20

or
0.6 g/m2 4/W x 16

200

200
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RADIOSENSITIZERS BY
PHYSIOLOGICAL MODIFICATION

INCREASED TUMOR CURABILITY BY RADIOTHERAPY COMBINED WITH PLDR
INHIBITORS IN MURINE CANCERS
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Kyoto, Japan
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Department of Bio-sciences,
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Faculty of Medicine,
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Kyoto, Japan
T. SUGAHARA
Kyoto National Hospital,
Kyoto, Japan

Abstract
The present research strategy for the improvement of

radiotherapy of radioresistant tumors includes high LET radiations
combined use of chemotherapy, hypoxic cell sensitizers and the
use of hyperthermia with radiations. A new approach utilizing PLD
repair inhibition following radiotherapy is shown to be another
possibility of the improvement with an exciting new prospect.

Screening of PLD repair inhibitors Ln vitro was done using
stationary phase of Chinese hamster HA-1 cells. Among the
nuclooside analogues tested, four chemicals, that is, 3'-deoxy-
adenosine (3'-dA), 3'-deoxyguanosinc (3'-dG), f$-D-arabinofuranosyl
adenine (ara-A) were found to be more effective than 3'-deoxy-
;>yrimidiiio riucleosidtts. Evori amontj tl-.o neloct.od PLD repair
inhibitors, 3'-dA and ara-A were more cytotoxic than the others.

Encouraged with the above results, experimental radiotherapy
was done using intradermally transplanted EMT-6 tumors in BALB/c
female mice (8 weeks). When the tumor reached 5.5-8.0 mm diameter
in size, they were locally irradiated with 32 MeV electron beam.
TCD50/120 assay was adopted to evaluate the drug effects. The
druys (100 my/kg) were intrapcritoneally injected immediately
after irradiation. E.R. (enhancement ratio) were ].5 for 3'-dA,
1.9 for 3'-dG and 2.2 for 7904 respectively. Enhancement of
anti-tumor drug effects was also abserved with treatment bleomy-
cin, FT-207 (a derivative of 5-FU) and ara-C by 3'-dC in KMT-6
tumors.

Thus, PLD repair inhibitor might be useful for tumor
eradication not only by radiotherapy but also by chemotherapy.

INTRODUCTION

Thore have been numerous reports dealing with the role of
potentially lethal damage (PLD) repair on radioresistance of
cancer cells, since its first discovery by Phillips and Tolmach
(1967) [1-5]. PLD was defined as the radiation damage which is
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originally lethal but can be modified to non-lethal by proper
post-irradiation conditioning. They observed enhanced X-ray cell
survival after cycloheximide treatment using cycling HeLa 83 cells.
Since then the research on PLD and its repair has been partly done
with inappropriate conditionings of dividing cells, such as drug
treatment, low temperature or exhausted medium [6-8]. However,
Little and Hahn used density-inhibited or plateau phase culture
of cells as a model of tumor in vitro to investigate PLD repair
(1973) [9]. We have reported previously [10] that the relative
magnitude of PLD repair between the different cell growth phases,
and have observed that the apparent increase of PLD repair was
proportional with the increase of non-cycling or quiescent (Q)
cells (Fig. 1), which is in agreement with the findings of others.
Hahn et al. reported that in EMT-6 tumors in mice PLD repair
functions not only on radiation- but also on anticancerous drug-,
that is, bleomycin and 5-fluorouracil, induced damage [11,12].
Weichselbaum et al. reported that tumor cells which are relatively
non-radiocurable as a group may do more PLD repair than radio-
curable tumors [13]. These data indicate that at least in some
tumors, PLD repair is one of the most important factors influen-
cing the sensitivity of tumors against radiation or chemotherapy.
Two questions will come to this point; in what kind of tumors PLD
repair is important in comparison with other determinants, and if
hypoxic cell population has large overlapping parts with the Q
cell population, how much part in radioresistance of cancer cells
is played by the Q population alone, that is, excluding hypoxic
population. However, there has been no tool to measure or
estimate exactly the role of PLD repair in vivo on radiotherapy,
because no specific inhibitor of PLD repair has been available.
As a possibility, low repair is one of the advantages of high LET
radiation in radiation cancer treatment over low LET radiation.
But the application of high LET radiation therapy requires great
expense, large facilities and many experts for operation. In
this report, it is shown that the research on PLD repair enters
a new epoch as a tool, specific inhibitors of PLD repair can be
used and such approaches may be applied as radiosensitizers of
human cancers.

In 1980, Nakatsugawa and Sugahara reported that cordycepin,
an analogue of adenosine, inhibits PLD repair in cultured cells
[10]. As an extended study on the possible application of PLD
repair inhibitors as radiosensitizers in radiotherapy, we screened
purine nucleoside analogues as PLD repair inhibitors in vitro and
in vivo. Four nucleoside analogues were found to be effective in
inhibiting PLD repair in vitro [14]. A similar result was obtained
in animal experimental radiotherapy using the above nucleoside
analogues [15].
Screening in vitro

Chinese hamster HA-1 cells in the stationary phase were used
for the in vitro screening of PLD repair inhibitors. As shown in
Fig.2, 3'-deoxyadenosine (3'-dA), 3'-deoxyguanosine (3'-dG) and
B-D-arabinofuranosyladenine (ara-A) were found to be more effective
than other pyrimidine nucleoside analogues. Other than the three
compounds mentioned above, a derivative of 3'-dA, designated as
7904, was also effective in in vitro system. On the other hand,
Weichselbaum reported that among cancers tested, osteosarcoma cells
in plateau phase show an unusually high capacity to repair PLD,
which do not reach a plateau level of increased survival even after
24 hours following irradiation inspite of their relative high
labeling indices of culture cells [12,16]. This suggests that at
least some of non-radiocurable human tumor cells have intrinsically
higher capacity to repair PLD and that such a capacity cannot be
elucidated by cell kinetics alone. The osteosarcoma cells
mentioned above have shown an increase of DQ from 121 rad of
immediate explant to 201 rad of 4 hour delayed explant. Weichsel-
baum et al. did not show the D0 value of 24 hour or more delayed
explanted cells but the DQ value of long delayed subculturing must
be much higher than 201 rad of 4 hour delayed explant. The E.R.
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calculated from DQ ratio between immediate and 10 hour delayed
subculture in density-inhibited culture of Chinese hamster cells
was about 2.1 in our experiments ( see Fig.3 ). Thus, more than
2.0 E.R. is expected, if complete inhibition of PLD repair could
be imposed on PLD repair proficient tumor cells. On the other
hand, most cells of human cancers may be assumed to be quiescent
and those of normal tissues may divide more rapidly than the former.
If so, the above calculated E.R. value can be applied as a thera-
peutic gain. Therefore, the inhibition of PLD repair seems to
have an important role in radiotherapy which is comparable to
hypoxic cell radiosensitizers. However, so far no evidence proving
such a high therapeutic gain by PLD repair inhibition has been
available. Though, 3'-dA was the most effective agent in inhibi-
ting PLD repair in vitro, it was toxic even at low concentration
( LDso = about 300 mg/kg ) while 3'-dG was much less toxic ( LD5Q >
1000 mg/kg ) than 3'-dA.

Screening in vivo in radiotherapy
Next, the effects of PLD repair inhibitors on tumor curability

or regrowth after experimental radiotherapy or chmotherapy were
tested using EMT-6 tumor in vivo system [17]. Tumors with sizes
ranging 5.5 - 8.0 mm diameters were locally irradiated with 32 MeV
electron beams from a betatron ( Shimazu ) without anesthesia.
The drugs were intraperitoneally injected immediately after irradi-
ation. The tumor curability was calculated after 120 days of
follow-up. The TCD5Q/120 f°r radiation alone was 2400 rad, that
for 3'-dG (100 mg/kg) was 1250 rad, while 3'-dA (100 mg/kg) was
1600 rad, as shown in Pig.4. The most effective one was 7904 which
have shown 1080 rad of TCD50. The calculated E.R.s were 1.5 for
3'-dA, 1.9 for 3'-dG and 2.2 for 7904 respectively. We observed
high E.R. value such as 2.2, suggesting a possible promise as radi-
osensitizers. However, the effects of PLD repair inhibitors on
normal tissue damage induced by radiation such as bone marrow death
or skin ulceration may be insignificant based on our preliminary
findings as shown in Table 1. In view of such differential sensi-
tizations, the therapeutic gain by PLD repair inhibitor might be
about 2.0 at the dose of 100 mg/kg,suggesting the similar radiosen-
sitization to that of misonidazole at l.Og/kg administration.

In order to confirm the radiosensitization fo tumors in vivo
by PLD repair inhibitors, another tumor system was introduced to
our investigation, that is RIF-1 tumors in C3H/He female mice [18] .
Tumors with sizes ranging 5.0 - 8.0 mm diameters were locally ir-
radiated under the same condition as that of EMT-6 tumors. Tumor
sizes were measured using a caliber everyday or every other day
for 5 weeks after irradiation. The Tumor Regrowth Delay Time (TRT)
assays were used to estimate the effects of the drugs. As shown
in Fig. 5., TRT was increased in mice receiving 80 nig/kg of
7904 immediately after radiation. But E.R. calculated from TRT in
this system was about 1.4. Recently Rasey et al. reported that in
RIF-1 tumors in vivo no conclusive PLD repair function could be
seen, while there is a definite evidence of such PLD repair function
in RIF-1 cells in vitro [19]. The lesser E.R. by PLD repair inhibi-
tor in RIF-1 tumors might be due to this small PLD repair in vivo.

Application of PLD repair inhibitors to chemotherapy
Enhancement of anticancer drug effect by 3'-dG administration

was observed in the same EMT-6 tumor system as the experimental
radiotherapy. Bleomycin (25 mg/kg) injections (x4) followed by
50 mg/kg of 3'-dG resulted in marked elongation of tumor regrowth
delay, as shown in Fig.6. Ft-207 injections (100 mg/kg) plus 50
mg/kg of 3'-dG (x6) cause tumor cure in 4 mice among 11 ( 36% ),
tumor growth curve shown in Fig.7. The above experimental evidence
suggest that the presence of a common PLD repair process which
can be inhibited by selected chemical inhibitors. The similar
enhancing effect was observed in the treatment with ara-C by 3'-dG
as shown in Fig.8, although there has been no report available on
PLD repair after ara-C treatment. Thus, PLD repair inhibitor might
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be useful for tumor eradication not only by radiotherapy but also
by chemotherapy, although the mechanisms of action for enhancing
antitumor drug effect remain to be elucidated.
Molecular Mechanism

As for the molecular events involved in potentially lethal
radiation damage repair, Little suggested that PLD repair is
analogous to liquid holding recovery in bacteria (1969) [5]. In
1978, Weichselbaum et al. suggested that PLD repair may be exci-
sion repair using repair deficient human cells, that is, Ataxia
telangiectasia and Xeroderma pigmentosum. [20]. However, in 1975,
Terzaghi and Little proposed the relevance of error prone fast
repair to PLD repair [21]. In 1978, Nakatsugawa et al. suggested
that there might be error free fast repair and slow repair on PLD
induced by radiation [22]. In 1979, Suzuki et al. indicated that
error free repair functions on mutational damage by radiation
when cells are treated with Hanks' solution after irradiation [23].
Thus, the exact molecular events remain unresolved at present.

As for the mechanisms of the inhibition of PLD repair, we do
not have any clear explanation. However, even in purine necleoside
analogues, formycin B which does not suppress chain growth but is
incorporated into RNA or DNA produces non-functional chains but
does not inhibit PLD repair. Accordingly, it might be possible
that misincorporated chain growth inhibitors cause inefficient
repair of radiation damage during the PLD repair and recovery
processes.
Conclusion

Greater than 2.0 of E.R. was achieved using the PLD repair
inhibitors in murine tumor system in vivo. At this point, an
interesting aspect is which factor is playing the most significant
role between hypoxic cell sensitizers and PLD repair inhibitors.
Using labeled misonidazole, a representative hypoxic cell sensiti-
zer, the distribution of hypoxic cell popolation in a tumor has
been analysed [24]. And significance of hypoxic cell sensitizers
or of OER in tumor radiotherapy will be tested with the results
of clinical trials. Similarly, the significance of PLD repair
inhibitors has been tested in experimental radiotherapy model
systems using specific PLD repair inhibitors such as 3'-dG as a
tool. Subsequently clinical trials should be conducted to
determine whether PLD repair inhibitors are promising or not in
human tumors. Now we are in a new epoch where we can investigate
another possibility beyond the oxygen effect in cancer treatment
by radiotherapy.
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Table 1
MORTALITY ASSAY OF MICE

Treatment % Mortality
900 rad alone 63 (43/68)
32 mg/kg 3'-dA + 900 rad 62 (36/58)
128 mg/kg 3'-dA + 900 rad 60 (34/57)
900 rad + 32 mg/kg 3'-dA 62 (40/65)
900 rad + 128 mg/kg 3'-dA 68 (40/59)

dd/YF male mice (8 weeks old) were irradiated
with Co-Y-rays. The drugs were administered
intraperitoneally 30 min before or immediately
after irradiation.
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EFFECT OF CONCOMITANT USE OF IMMUNOMODULATOR (OK-432 AND/OR PSK) ON
PRIMARY LUNG CANCER (STAGES III, IV) TREATED WITH RADIATION COMBINED
WITH CHEMOTHERAPY

S. KIMURA, Y. OGAWA, Y. IMAJO
Department of Radiology,
School of Medicine,
Kobe University,
Kobe, Japan

Summary

OK-432 (a lyophilized preparation of a low virulent strain,
Su, of Streptococcus hemolytics (Group A) treated with penicillinG) and/or PSK (a protein-bound polysaccharide prepared from
Coriolus versicolor) as an immunomodulator was administered to
209 patients of advanced lung cancer treated with radiation with
combined chemotherapy. Their effects on immunological parameters
and patients' survival periods were examined. Suppression of
both PHA (phytohemagglutinin) skin test activities and lymphocyte
blastoid transformation with PHA were reduced in the immunomod-
ulator administered group compared with the non-administered
group. Survival curves were evaluated between the patients with
K-432 and/or PSK and those without immunomodulator. It was

suggested that OK-432 and/or PSK combined with radiation with com-bined chemotherapy was effective for the elongation of the sur-
vival period. These results indicated that the long-term ad-
ministration of OK-432 and/or PSK was recommended for patients
with advanced lung cancer.

Radiation with combined chemotherapy is a major modality
approach in the treatment of advanced lung cancer. But thismethod of treatment is highly immunosuppressive as shown in many
laboratories and clinical studies [l]-[5]. As immunomodulators
can restore such a depressed immunocompetence of the tumor-bearinghost, the concomitant use of immunomodulators is hopeful.

Materials and Methods
PatientsBetween 1975 and 1979, 209 cases of primary lung cancer
admitted to the department of radiology were treated with radi-
ation with combined chemotherapy (Table I). The patients were
treated with radiation (Cobalt-60, THERATRON 80, Atomic Energy of
Canada) with combined chemotherapy as shown in Table II. They
were irradiated with 4000 - 6000 rad to the lung lesion for 4 to 6
weeks. All the cases were staged according to the TNM classifi-cation of UICC (1978) [6].
Immunotherapy with OK-432 and/or PSK

Immunotherapy with intramuscular injection of 2.0 KE of OK-432 (3 times/week) and/or oral administration of 3.0g of PSK was
started just before radiotherapy and continuted as long as possi-
ble.
Immunological EvaluationIttmunologKal responses were studied by absolute lymphocyte
counts, PHA skin test and lymphocyte falastoid transformation withPHA. These examinations were performed just before, and duringradiation at 2000 arid 4000 rad.
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Patients were skin tested intradermally with PHA
Wellcome) according to the method of Blaise et al [7]. The PHAskin test was applied intradermally to the volar aspect of theforearm in a total volume of 0.1 cc, and read at 24 hours. Theaverage of the largest and smallest diameter of erythema wasrecorded. A positive skin test was considered to be at least 20mm erythema.

H-thymidine uptake of three day cultures of lymphocytesincubated in the presence of PHA was studied using whole blood
(0.05 cc) and 10/i PHA in 1 ml of culture medium as described byPaty et al [8]. These in vitro studies were performed in 31 of
the patients with advanced lung cancer.
Clinical Evaluation

Prognosis of patients was evaluated by the survival periodsince the beginning of the treatment.
Results

1. Effect of immunomodulator (OK-432 and/or PSK) on immuno-logical parameters during radiation with combined chemotherapy ofadvanced lung cancer patients.
The influence of immunomodulator on immunological parameterswas investigated.
Changes of absolute lymphocyte counts are shown in FIG. 1.

There was no significant difference between the OK-432 and/or PSK
administered group and the non-administered group. However,
reduction of PHA skin test activities and lymphocyte blastoid
transformation during radiation with combined chemotherapy were
significantly (P<0.05) decreased in the OK-432 and/or PSK ad-
ministered group compared with the non-administered group (FIG. 2,
3) [9] [10].2. Effect of immunomodulators (OK-432 and/or PSK) on crude
survival rate or 50% survival period of advanced lung cancerpatients treated with radiation with combined chemotherapy.

The clinical effect of concomitant use of immunomodulator OK-
432 and/or PSK was studied about stage III and stage IV. Survival
curves were evaluated between the patients with OK-432 and/or PSK
and those without immunotherapy.In 96 cases in stage III, fifty percent survival period was
found to be 12.2 months for 27 cases with OK-432, 14.4 months for13 cases with combined use of OK-432 and PSK, 9.0 months for 24
cases with PSK, and 7.5 months for 32 cases without immunotherapy,
respectively (FIG. 4). Noticeable prolongation of fifty percent
survival period was observed in the cases with combined use of OK-
432 and PSK, those with OK-432, and those with PSK, in this order
in comparison with those without immunotherapy. One-year survival
rate was 51.9% for cases with OK-432, 66.7% for cases with com-
bined use of OK-432 and PSK, 34.2% for cases with PSK, and 25.0%
for cases without immunotherapy, respectively (FIG. 5). The sur-
vival rate in cases with OK-432 and PSK, those with OK-432, and
those with PSK had been considerably higher than that withoutimmunotherapy for the first 15 months since the beginning of the
treatment, however, no such definite difference between them wasnoted after that time period [11] [12].

In 11 cases in stage IV, fifty percent survival period was
found to be 7.0 months for 24 cases with OK-432, 5.0 months for
8 cases with combined use of OK-432 and PSK, 7.6 months for 13
cases with PSK, and 3.3 months for 36 cases without immunotherapy,
respectively (FIG. 6). One-year survival rate was 16.7% for cases
with OK-432, 25.0% for cases with combined use of OK-432 and PSK,
15.4% for cases with PSK, and 5.6% for cases without immunotherapy,
respectively (FIG. 7). So here again, considerable prolongationof fifty percent survival period was observed in cases with OK-432
and/or PSK. While the survival rate in cases with OK-432 and/orPSK had been higher than that without immunotherapy for the first
12 months since the beginning of the treatment, the difference
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between them had decreased after then. It was impossible to
conclude the definite effectiveness of combined use of OK-432 and/or PSK in the stage IV cases, due to the fact that the stage IV
cases without immunotherapy included many incompletely irradiated
cases.

DiscussionRecently, immunomodulators have come to be widely used for
malignant diseases. Trials of OK-432, PSK and BCG cell-wallskeleton (BCG-CWS) as immunomodulators in human lung cancer were
supported by recent reports. We have used OK-432 and/or PSK inadvanced lung cancer patients to recover the decreased immuno-
logical response caused by radiotherapy with combined chemotherapy.

OK-432 is a lyophilized preparation of a low virulent strain,Su, of Streptococcus hemolytics (Group A) treated with penicillin
G isolated by Okamoto and his co-workers [13]. OK-432 has been
evaluated extensively in clinical trials in Japan, and it wassuggested that OK-432 may be an effective adjunct to no-surgicaltherapy in patients with advanced lung cancer. In our trials,suppressions of some immunological parameters were reduced in the
OK-432 administered group compared with the non-administered group,and the elongation of the survival period in the OK-432 administered
group was observed.The protein bound polysaccharide preparation, PSK, isolatedfrom Coriolus versicolor, a mushroom belonging to Basidiomycetes
can be administered per os without toxic side effects [14]. Though
PSK was not so effective as OK-432 on the elongation of the sur-
vival period, it was suggested that PSK was also capable of stimu-
lating the suppressed immune response in lung cancer patients
during radiotherapy with combined chemotherapy.By these immunomodulators, suppression of both PHA skin testactivities and lymphocyte blastoid transformation during radiation
with combined chemotherapy were reduced, and the elongation ofpatients' survival period was observed. Therefore, the concepts
of indication of immunomodulators and optimal combining modalitywith the other anti-cancer treatments must be established as soon
as possible [15],
Acknowledgement. Authors are grateful to Miss Hiroko Todo for herskillful secretarial asistance.
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8
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209

209
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Table 1. 209 cases of primary lung cancer

1. Cobalt-60 irradiation
200 rad/dayx5/week, total 4000~6000 rad

2. Combined chemotherapy
Squamous cell ca. :

BM (BLM 5mgx3/week, MMC 4mgx
I/week, for 4 weeks)

Adenocarcinoma :
FMC (5-Fu 250mg, MMC 2mg, Cylocide
20mg X 2/week, for 3 weeks)

Small cell ca. :
MMC+Urokinase (MMC 4mg, Urokina-
se 1200UX 2/week, for 4~6 weeks)

Large cell ca. : FMC or BM
BAI _(MMC lOmg)

3. Immunotherapy
OK-432(2.0 KEx3/week)or PSK (3g/day)

Table II. Method of treatment (from April, 1977)
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FIG. 5 50% survival period and survival rate of primary lungcancer (stage III) by variety of immunotherapy
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Session V

COMBINATION OF
RADIATION AND CHEMOTHERAPY

PRESENT STATE OF THE COMBINED TREATMENT WITH RADIATION AND CHEMICALS

Y. SHIGEMATSU, N. MASAKI, H. IKEDA
Department of Radiology,
Osaka University Hospital,
Osaka, Japan

ABSTRACT

Of malignancies in which the results have been markedly im-
proved by combined treatment with radiation and chemicals for the
past decade, non-Hodgkin's lymphoma localized in head and nack
and intra-oral carcinoma are presented.

In the management of non-Hodgkin's lymphoma, the authers
stressed the followings : 1) Rappaport's classification has been
a help to evaluate the prognosis, 2) lymphoma of the Waldeyer's
ring should not be included in nodal lymphoma, and also it should
be separated from extranodal lymphoma as well, because of differ-
ent prognosis. 3)It seems that some kinds of chemotherapy would
have a role in improving the results of radiotherapy in the man-
agement of radiotherapy, even in localized cases.

In some types of intra-oral carcinomas, bleomycin was found
to be useful in the combined treatment with radiation as follows :
1) A minimum required dose for local control of intra-oral car-
cinomas could be a combination of 30Gy in 3 weeks and lOOmg bleo-
mycin during the same period. 2) Although the end results of pa-
tients with carcinoma of tongue or floor of mouth have not been
improved by this approach, there was marked improvement in pa-
tients with carcinoma of the lower gum. 3) For the treatment, the
side effect as limiting factor was mucositis, and none of thecases of the series developed pulmonary complication. In the
cases comtrolled by initial combined treatment, no one developed
troubles of the mandible, in the follow-up study for the past 10
years.

For the past decade, there have been 3 types of malignacy inwhich the result has been markedly improved by multidisciplinary
treatment, at Depart of Radiology, Osaka University Hospital.
These are non-Hodgkin's lymphoma, maxillary antrum carcinoma and
some types of intra-oral carcinoma. Since the treatment of maxil-
lary antrum carcinoma is hard to discuss without consideration of
the contribution of surgery, we would like to present here the re-
sults of non-Hodgkin's lymphoma and some types of intra-oral car-
cinoma - especially of carcinomas of the lower gum, using combinedtreatment with radiation and chemotherapy.
1. Non-Hodgkin's lymphoma

The case distribution of the lymphoma of oriental countries,
especially in Japan, seems to be very different from Western coun-
tries. According to reports from USA and Europe, nearly half of
the lymphomas is Hodgkin's lymphoma, and the rate of Hodgkin's
disease is as low as 10%. In addition to the fact, the study ofnon-Hodgkin's lymphoma is far behind the one of Hodgkin's disease,
and the prognostitic factors and the mode of extension of thisdisease have not been so well clarified.
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At any rate, radiotherapy has traditionally been the treat-
ment of choice for localized non-Hodgkin's lymphoma and its effi-
cacy has been proved. However, problems arised in difference orhistological subgroups and the site of involvement. Furthermore,
there is another problem whether radiotherapy alone is adequate or
combined chemotherapy is required. Since we have a good number of
non-Hodgkin's lymphomas localized in the Head and Neck, I would
like to present the treatment result of these cases for the past
17 years.

From 1961 through 1977, 275 patients with non-Hodgkin's lym-
phoma, Stage I and II, localized in the Head and Neck, were treat-
ed with radiation at the Department. These were 165 males and 110
females. The age ranged between 6 to 81 years old with median 43
years. The most common site of involvement was Waldeyer's ring
and patients having such involvement totaled 175 (64 per cent).
Fifty-seven patients (20%) presented extranodal involvements, such
as orbit, nasal cavity, maxillary antrum, throid and others.
Forty-three patients (16%) presented with cervecal nodes involved
only.

The radiation therapy field and techniques varied with the
site involved. Most patients with Waldeyer's ring involvementwere treated with extended field radiation, which were included
not only primary site but also the entire cervical lymph nodes.
In the cases with involvement of lower cervical nodes, the extend-
ed field included all of the supra-diaphragmatitic lymph nodes (a
mantle field). The patient with Stage I disease of extranodal in-
volvement were treated with the field encompassing only the in-
volved area. Most patients were treated with a 6 MV linear accel-
erator and the other with Stage I extranodal disease were treated
with Cobalt-60 equipment. Total doses ranged from 40Gy to 50Gy.
Treatment was administered five times a week providing a weekly
dose of 7.5Gy to lOGy.

All patients have been followed for a minimum of three years.At five years, relapse-free survival rates of the patients with
Stage I disease is 58 per cent and that of the patients with Stage
II disease is 40 per cent. Although a few cases of late relapses
were seen, there appear to be a trend towards a plateau in the
survival curves.

According to Rappaport's classification, most of the cases
were classified into diffuse type, and nodular type totaled only
2 out of 126 cases having this classification. Among a total of
120 cases of diffuse histology, hitiocytic type was most common
(77 cases). In diffuse pattern of lymphoma, lymphocytic well dif-
ferentiated has the best survival rates, 100 per cent and 66 per
cent in Stage I and II, respectively. In the patients with diffuse
histiocytic and lymphocytic poorly differentiated, five year sur-
vivals were around 60 per cent and dipict the two histologies as
having similar survival rate.

Considering the survival characteristics for the three major
groups, according to primary sites, i.e., nodal, Waldeyer's ring
and extranodal origin, the rate of the patients with involvement
with Waldeyer's ring was much higher than that of patients with
cervical node involvement. At five year, survival rate of Stage I
disease of Waldeyear's ring was 77 per cent, and that of Satge I
disease of cervical node was 43 per cent, and that of Stage I ex-
tranodal disease was in the middle of these two groups (67%). In
Stage II disease, both groups of the patients with Waldeyer's ring
and these with extranodal sites had similar five year survival
rates of about 40 per cent. On the other hand, five year survival
rate of the patients with nodal disease was 28 per cent.

Comparing the actuarial survivals of patients with involve-
ment of Waldeyer's ring according to stage and treatment era, five-
year survival was 92 per cent in the patients with Stage I disease
treated after 1971, and 62 per cent in the cases treated before1970. In the patients with Stage II disease, five-year survivalrates were 57 per cent in the,patients since 1971, comparing 33
per cent in the patients treated before 1970.
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Since the effectiveness of Vincristine was reported, a con-trolled trial was started to evaluate whether the combined treat-
ment with this drug and radiation be really benefitial in the lo-calized non-Hodgkin's lymphoma, at the department at the beginningof 1970. Unfortunately this trial was discontinued 18 months lat-
er. In this trial, before or during the 1 - 2 weeks after radio-therapy started, a dose of 2mg of vincristine was administeredonce or twice, with an interval of one week. Five cases of Stage
I and 13 cases of Stage II were enrolled in this study. Based onthis limited number of cases, little can be concluded, but there
was an improved 5 year survival rates in the combined group inStage II.After the discontinue! of the controlled trial, the combined
approach with chemicals was often used especially in the Stage II
cases. At the beginning of radiotherapy, one or two cycles ofCOPP (usually 2mg VCR and lOOOmg Cyclophosphamide) were adminis-
tered in these cases. Of 55 Stage II cases, 22 were treated with
such combined modality. In the patients with chemotherapy com-bined, 5 year survival rate was 65 per cent, and this result was
much better than that of patients with radiotherapy alone.The results in the treatment of non-Hodgkin's lymphoma haveimproved in our series year by year. This seems to be by the tech-
nical improvement in radiotherapy before 1970, and due to the com-bined modality with chemicals after 1971.The administration of chemotherapy has been reported with a
variety of methods, in the timing and in the kind of drugs, et al.Discussions on the matter will continue for another several years
internationally.
2. Intra-oral carcinoma (bleomycin trial)The subject of combined treatment with bleomycin and radiation
may not be new. However, there have been a variety of opinions and
experiences on this modality in the world. We realized this prob-lem in the 3rd Asian-Oseanian Congress of Radiology held in Singa-
pore in 1979. When Dr. Shanta presented excellent results in In-dia by this approach at the meeting, no one from Western countries
had similar experiences and agreed with her presentation.

Concerning the study on the combined use of bleomycin and
radiation for the past 10 years at our department, there have been
three stages as follows :

1) preliminary study (1972-1974)2) cooperative controlled study (1974-1976)
3) analysis of 243 cases of intra-oral carcinomas (1972-1979

for this presentation)In the preliminary study, we found that a minimum required
dose for local control of intra-oral carcinomas could be a combi-
ation of a total dose of 30Gy in 3 weeks and a total of lOOmgbleomycin during the period. For the treatment, the side effect
as limiting factor is the mucositis and no pulmonary complicationswere encountered.

Cooperative study with 18 institutions in Osaka-Kobe-Kyotoarea involved lung cancer, esophageal cancer as well as intra-oralcarcinoma. During 1974-1976, a total of 189 cases were enrolled inthis study. The patient was randomized into two fixed schedulesas follows :
Option 1 : 30Gy in 3 weeks and 90mg bleomycin
Option 2 : 30Gy in 3 weeks (RT only)

After the judgment of early effect two weeks later, patient was as-signed to a subsequent program, which was considered best by the
participating doctors. In Japan, the back ground of this type ofcontrolled study is very difficult to proceed for ethical problem,
and the subsequent treatment of individualized base made it easyto proceed with the study, especially in the highly curable casesof intra-oral carcinoma.Concerning the results in patients with bronchogenic and
esophageal carcinoma, it was already concluded that there couldn't
be found any improvement in survival figures, in the analysis of
1976 and 1977.
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In the patients with intra-oral carcinoma of the cooperative
study, which was analyzed in 1977, material size was not suffi-
cient for analysis when classified by site and stage. In addition
to that, differing from bronchogenic and esophageal carcinomas,
individualized subsequent treatments often salvaged failure cases
and very much influenced the final result, and the quality of the
subsequent treatment by each institution was not uniform. Since
any conclusion could not be derived from the material of the co-
operative study, we returned back to the analysis of our own mate-rial .

There were a total of 243 intra-oral carcinomas from 1972
through 1979,which were initially treated by this combined modali-
ty. Of these, 79 cases of lower gum, 38 cases of tongue, and 39
cases of mouth floor are analyzed for this presentation. The cases
of lower gum and mouth floor are distributed rather homogeneously
in all stages, whereas cases of tongue cancer distributed in ad-
vanced stages. This is because tongue cancers of early stage have
usually been managed by brachytherapy for initial treatment of
choice.

When survival rates of patients with Stage III and IV carci-
noma of the tongue are compared between the combined group and
radiation alone group (historical control), there were little dif-
ference in survival, in both Stage III and IV. Concerning the ef-
fectiveness of subsequent treatment modality, brachytherapy played
an important role for local control, even in the cases initially
treated by a combination of external radiotherapy with bleomycin,
and this combined modality has shown little benefit in the manage-
ment of advanced carcinomas of the tongue. Very similar result
was ontained in cases of carcinoma of the mouth floor.

Different from the result of cases of tongue and mouth floor,
there was a markedly improved survival rate in patients with lower
gum carcinomas treated by the combined modality comparing withthat of the past series treated with radiation alone. Since the
case distribution by stage was not uniform between the groups, a
comparison was made in T2 and T3 respectively. The improvement of
the result is more marked in T3 cases than in T2 cases. Differing
from the cases of tongue carcinoma, surgery played an important
role to salvage the cases which failed to control by initial
treatment. Fifteen cases out of 79 have been controlled by this
initial combined treatment with radiation and bleomycin. In addi-
tion, there were a good number of cases operated after the com-
bined treatment, at the beginning stage of the study, because the
local control was considered doubtful due to the initial tumor
size or bony destruction. In one-third of such operated cases, no
cancer cells were found in surgical specimen.

In T2 cases, six of 20 were controlled by initial combined
treatment, whereas only 2 cases of 17 were controlled in cases of
T3. However, when the cases by surgery were included, the differ-
ence between T2 and T3 was not so remarkable. The survival rates
of cases which underwent surgery as the subsequent treatment were
compared between combined group and radiation alone group, in T2
and T3 cases respectively. In T2 cases, there was little differ-
ence in survival, whereas in T3 cases the survival rate of com-
bined treatment group was much higher than that of radiation alone
group. This means that the combination of bleomycin contributes
more to T3 cases in the result of subsequently applied surgery,
although the local control rate of T3 by initial treatment is much
lower than the one of T2. In other words, this combined treatment
seems to have made a contribution to T2 cases in the quality of
the result and to T3 cases in the survival rate.

Of other parameters than T stage, the grade of bony destruc-
tion and appearance of the tumor were found to be important.
Cases with moth-eaten findings in X-ray is more difficult to con-
trol than the cases of erosive or permeative findings. As to the
appearance of tumor, the infiltrating or ulcerative one is more
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difficult to control than the superficial or exophytic one. As
far as I understand from the report from India with excellent re-
sults, most of the cases seem to have been of exophytic and kera-
tinizing nature, although the lesion looked very advanced.

The dose which we designed for the study is somewhat lower
than the one reported from various authers, in both radiation and
bleomycin. However, the dose which we have scheduled in the study
usually indicates the tolerance limit for buccal mucesa. If the
lesion is not controlled at this dose level, some other treatment
modality will be indicated.

At the some time, we would like to stress that the reduction
of the radiation dose have given us benefits to avoid comlications
of mandible and this treatment scheme may have controlled subclin-
ical disease for the improvement of final results, since the con-
centration of bleomucin to the bone is much lower than to the mu-
cosal membrane. Of approximately 20 cases which have been con-
trolled by the initial treatment, no one developed troubles of
mandible, in the follow-up study for the past 10 years.
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COMBINATION THERAPIES IN ORAL SQUAMOUS CELL CARCINOMAS

S. KRISHNAMURTHI, V. SHANTA
Cancer Institute,
Madras, India

Introduction %

Oral squanous cell carcinoma is the commonest male (29$)
and the second commonest female (13$) Cancer in South India
and many other parts of the Country as well. 93$ of them are
T~ & I. when first seen. 98$ of them are "tobacco" Cancers.
A singular and favorable feature of these cancers is that,
though extensive locally, they end to metastasize late to the
regional lymph nodes, which generally remain operable, and
rarely (0.75$) remotely. These lesions are invariably (98.1$)
well differentiated tumors (Broders - (Jr.I-II). The essential
therepeutic problem in these cases is, therefore, control of
the advanced local disease.

Hadiotherapy per se achieved a survival ITSD in only 19$
of our T, & T, cases (Krishnamurthi et all - unpublished data),
and a combination of Badio-therapy and surgery, though raising
the 5 year survival JTED to 58.6$ (Zrishnamurthi et all, 1971),
involved a degree of physical and functional mutilation that
it seemed desirable to explore the other avenues - chemical
radiosensitisation and other combination therapies.

The Clinical Trials t
The following concurrent randomised controlled clinical

trials have been conducted since 1969 '-

i) Synkavit + R.T, Versus R.T. only,
ii) Methotrexate + R.I. Versus R.T. only,

iii) Metronidazole + R.T. Versus R.T. only,
iv) Bffl + E.T. Versus R.T. only,
v) BEM + H.T. Versus P3S1 + R.T.

vi) BXZI + R.T./Hbo + S.T./Hbo + 3IM + R.I.
vii) BIM •»• KD/CDDP + RT/BIM + ODDP + ED

Material and Methods :

Eligibility to enter the trials :-

i) Patients with I, & T. histologically proven squamous
cell carcinoma of the buccal zaucosa with Nn N+ , or N0U , 1 e.
cervical lymph nodes, who had not received any previous treat-
ment, were eligible. Mjced metastatic submandibular lymph
nodes were accepted, but fixed cervical-nodes elsewhere were
debarred.

ii) Absence of systemic metastases.
iii) External growth fungation, mandibular destruction,
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muscle plane invasion with partial trisnrus were not a contra
indication. Cases with temporal or infra-temporal fossa
invasion with total trismus were excluded.

iv) Satisfactory general health was essential. Age was
no bar; neither were systemic diseases such as diabetes
mellitus, hypertension, ischemia heart disease, chronic renal
or pulmonary disease generally. The latter were, however,
monitored with great care.

v) Patients with a history of epilepsy or convulsions or
other diseases of the central nervous system were not admitted
to the Hbo trial. Similarly patients with peripheral neuro -
pathies were excluded from the metronidazole trial and those
with renal disease from the CDDP trial.

vi) Only cases for Co-60 teletherapy were accepted.
Eligible patients were concurrently constructed blindly

into study and control groups by the sealed envelope technic.
In trial V, Vi & VII the further sophistication of random! -
sation by sex and code were added.

i) The Synkavit Trial i-
145 cases entered the trial - 70 study + 75 controls.

The study group received 100 mgms. of Synkavit - I.V. bolus -
precisely 25 minutes before the radiation and the controls
an equivalent of distilled water.

ii) The Methotrexate Trial s-
58 cases entered the trial - 28 study and 30 controls.

The study group received 10 mgs. of Methotrexate - I.A. bolus -
thrice a week to a total dose of 150 mgms followed by Co.60
t-'letherapy. The controls received only irradiation.

iii) The laetronidazole Trial :
100 cases entered the trial - 49 study and 51 controls.

The study cases received 6 gms. of Metronidazole orally 4ar nrs
5 hrs before the radiation therapy and the controls a similar
number of placebo tablets.

iv) The 3IM Trial t
157 cases entered the trial - 34 study and 73 controls.

Of the 84 study, 42 received I.A. BIM, 22 I.V. BIM and 20
I.M. BIM. 32 controls received I.A. Placebo, 21 I.V. Placebo
and 20 I.M. Placebo.

The I.A. and I.V. cases received usually 10 mgms of 3HI
aa bolus on two days in a week (Tuesdays and Thursdays ) and
the radiation was given thrice a week (Mondays, Wednesdays &
Fridays). The total BIM dose was about 150 mgms - 250 mgms.

The I.M. cases received 30 mgms. of 3IH twice a week for
2 weeks, the radiation commencing 2 weeks after the first BIM
injection. A further 30 mgms. was given during the course of
the radiation, the total BI£I dose thus being 150 mgms.

Co-60 beam therapy to a total minimal tumour dose of
about 5,500 rads was administered in about 7-8 weeks, using
two simple opposing fields.
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v) The BIM - PIM Trial :-
66 cases entered the trial - 34 receiving BIM + KD and

32 PHI + ST. The patients received either 10 mgms of BLM or
10 mgms of P32! as I.V. bolus twice a week (Tuesdays & Thursdays)
and the Co-60 beam therapy thrice a week (Mondays, Wednesdays &
Fridays), the treatments running concurrently. The total drug
dose, the Tm.D. and the overall time were similar to the first
3Ii! trial. 18 males and 14 females were entered in PM group
and 19 males and 15 females in 3LM group.

vi) The 3IM - HOP Trial j-
This was a 3-arm trial with 28 cases on each arm - 14 males

and 14 females - to compare the radio-potentiating effects of
BIM and hyperbaric oxygen together and individually in oral
squamous carcinomas.

BM was administered I.V. on the usual protocol. The Hbo
cases received a placebo.

The Hbo patients were pressurised to a 3 ATA of Oxygen for
a preliminary 20 minutes and then irradiated in the Vicker's
hyperbaric chamber at that pressure.

Co-60 beam therapy was administered in 14 fractions on a
3 day - week schedule using two opposing fields to a total
tumor dose of 4,400 - 4,500 rads.

vii) The Bffl - CDDP Trial j-
90 oases are to be entered in this 3 arm trial, 15 males

and 15 females on each arm. The randomisation is by code.
The drug RT protocol is as follows :

I. Bffl -f RT
a. Placebo drip Day I with mannitol diuresis and repeat

after 4 weeks.
b. BLM 10 mgms I.V. Tuesday & Thursdays.

II. CDDP + RT
a. CDDP 70 mgms IV drip with mannitol diuresis - repeat

after 4 weeks.
b. Placebo IV Tuesday & Thursdays.

III. BIM + CDDP i- HI
a. BM and CDDP as in I and II.

Cobalt 60 beam therapy is administered on a 3 day - week
schedule as usual to a minimal tumour dose of about 5,500 rads
in 7-8 weeks.

tfote:
Abbreviations : R.T. t Radiation therapy (In all cases Co.60

beam teletherapy at 60 cms. S.S.J). )

BUM : Bleomycin
PEM t Pepleomycin
Bbo i Hyperbaric Oxygen

CDDP j Cis-Dichloro-Diammine-Platinum
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Evaluation :

The evaluation was blind and in trials v and vi the code
was broken only after the stastistical analysis. In trial iv
the statistical analysis was done by the M.E.C. of the
TBiited Kingdom.

(Three criteria were adopted in assessing the results of
each trial -(i) "Favourable Response" - a short tern assess -
ment, (ii) "Recurrence Eree Rate" and (iii) Survival NED at
5 years, the latter two being long term criteria.

A "Ifevourable response" was defined as a total clinical
resolution of the tumor within the volume of irradiation at
8 weeks after the end of radiation therapy.

"Recurrence free rate" meant freedom from recurrence within
the volume of irradiation after the initial "iFavourable res-
ponse" at any time upto 5 years.

Results t
i) The

Category

Study
Controls

ii) The
Category

Study
Controls

iii) The
Category

St-udy
Controls

i>

Synkavit Trial J-
No. of Patients Eav.

No.

70 28
75 15

Methotrexate Trial t

No . treated

28
30

Metronidazole Trial s
No. treated

49
51

Resp.

40
20

Pav.
No.

7
7

Pav.
No.

10
10

5 Yr. Survival NSD
No. %

21 38.6
15 20.0

Resp.

25.00
23.30

Resp.

20.41
19.61
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iv. The BLM Trial :

D +,> r- + ^^^, M« Fav« Resp. Rec.Free Rate 5 Yrs. Survival NEDRoute Category No. —————— c ——————————————————————————————
No. % No. & No. Crude Corrected

IA Study 42 33 78.50 30 71.40 26 61.90 65.00
Control 32 7 21.80 6 18.75 6 18.75 18.75

IV Study 22 18 81.80 15 68.80 13 59.00 59.00
Control 21 4 19.OO 3 14.2O 7 33.33 35.OO

IM Study 20 15 75.00 11 55.00 11 55.00 55.00
Control 20 3 15.00 2 10.00 6 30.00 31.50

Over- Study 84 66 78.60 56 66.66 50 59.5O 60.90
all Control 73 14 19.20 11 15.00 19 26.00 26.70

Note : The corrected survivals were for inter-current deaths only,
v. The BLM - PLM Trial :

Category
Favourable Response

M F Total Male
No. %

Female Total
No. % No. %

Study
(PEP+RT) 18 14 32 12 66.6 6 42.8 18 56.25

Control
(B1M4RT) 19 15 34 12 63.1 9 60.0 21 61.70

Vi. The BLM - Hbc

Category —————No.treatec

RT+BLM 14
RT+BLM+Hbo 14
RT+PL-wHbo 14

) Trial:

Males Females Total
Fav.Resp. No. Fav.Resp. No. Fav.Resp.

I No. % treated No. % treated No. %

10 71.4 14 12 85.7 28 22 78.5
6 42.8 14 9 64.2 28 15 53.5
3 21.4 14 4 3O.7 28 7 25.0

vii. The BLM - CDDP Trial : Ongoing trial. Code not broken.
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Comments s
The clinical trials reported were spread out over a

period of 20 years. The only drug that -unequivocally and
impressively potentiated radiation response in buccal squamous
cell carcinomas was Bleomycin. The response of the primary
timers have been consistent, predictable, reliable and repro-
ducible. The three BLM trials - IV, V and VI - were conducted
over a period of 10 years - *70 - *80 - with breaks of several
years between them but the responses, as can be seen by com -
paring the tables, have been almost identical. Moreover, a
large number of unselected oral and laryngeal carcinomas were
treated by a combination of Bleomycin and radiation in the
intervals between the trials. The responses, as will be seen
from the table below, have also been about similar.
Table t Results in an TSiselected series (BM + BT)

Site No. Favourable Response
No.

Buccal Mucosa
Gingivum
Hard Palate
Floor of Mouth
Anterior Tongue
Oro-pharynx including^

137
20
12
7

25
48

83
9
4
1

13
21

60.5
34.6
33.3
14.2
52.5
43.75

posterior Tongue
larynx 24 17 70.8

None of the other drugs or chemicals-synka vit, metho-
trexate, metronidazole or hyperbaric Oxygen - proved much
value. AS a matter of fact, the Hbo trial was organised, not
so much to compare 3Ii? against HBO, as to see if the addition
of high-tension oxygen to the BI£I would bridge the persistent
gap of 20$ - 30# failures that occured with BIM. That Hbo
proved a dismal failure was only incidental. CDDP is now
being tried.

A scrutiny of trial IV shows a fair drop between "favour-
able response'" and the 5 year survival in the BliJ group. This
was due to the fact that 7$ of the BIM cases declined a neck
dissection for operable metastatic cervical nodes and died of
their nodal disease and that 2% died of a second cancer else-
\&tere. None of these had a recurrence within the volume of
irradiation at time of death. No correction has been given
for these deaths and they have been included in the table t

as dead from disease.
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It will also be observed, from the same table, that
while the "favourable response" in the controls was 19.2$
their survival was 26. 7& . This paradox was due to the fact
that 11 of the control failures lent themselves to successful
Salvage surgery. Incidentally, it may be mentioned that
Salvage surgery was either impossible or a failure in the
BIM treated residues.

The main morbidity of the BIM cases was the severe
mucositis that it induced, leaving a dry atrophic tasteless
mouth. This reaction has been considerably alleviated in the
later cases by adjustment of drug dose, fractionation and
protraction. The other undesirable, but infrequent toxic
reaction, was an exfoliative dermatitis. This, however,
disappeared on drug withdrawal. Eneumonitis was never a
problem in our cases, probably because of periodic careful
clinical and radiological monitoring.

The other reactions - a transient pyrexia, a passing
aloepecia, temporary cutaneous pigmentation at pressure points
and vascular pain were of little moment. There was no intes-
tinal or marrow toxicity.

The mechanisms of action of BIZ/I seem to be diverse.
Time does not permit me, at the moment, to discuss them.

Thank you.
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HIGH LET AND FRACTIONATED IRRADIATION

BIOLOGICAL PROPERTIES OF PARTICLE RADIATIONS
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ABSTRACT

Squamous carcinoma in WHT/Ht mice were exposed to fast
neutrons, protons, negative pi-mesons and neon ions. The bio-
logical effects of these particle radiations were compared with those
of 250 kV x-ray. The surviving fraction of epithelioma cells irra-
diated iin_ vivo was studied using the TD50 assay. RBE values for
particle radiations were calculated from the ratio of x-ray's and
these particle's Dg values. The RBE values of fast neutron were
2.2 for oxic cells and 2.8 for hypoxic cells, the RBE of protons
were 1.0 for both oxic and hypoxic cells. The RBE of pions were
shown different values among pre-peak, proximal peak and distal
peak positions, namely they were 1.6 at distal peak, 1.3 at proximal
peak and 1.0 at pre-peak plateau for oxic cells, 2.1 at distal peak,
1.5 at proximal peak and 1.0 at pre-peak plateau for hypoxic cells.
In neon ions, the RBE were 1.6 at peak and 1.1 at pre-peak plateau
for oxic cells, 2.3 at peak and 1.3 at pre-peak plateau for hypoxic
cells. The PLD repair of cells exposed to fast neutrons, pi-mesons
and neon ions were not so remarkable compared with 250 kV x-rays.

INTRODUCTION

Recent advances in cancer radiotherapy have been remarkable.
However, there are still some tumors which are incurable with con-
ventional radiation therapy because of their histological findings,
localization, and the like. In addition, conventional radiations such
as photons, gamma rays and electrons have other disadvantages
concerning their effects on tumors. Hence more and more attention
is being paid to new modalities such as fast neutrons, protons,
negative pi-mesons and heavy ions, which are expected to overcome
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some of the defects of the conventional radiations. Except for
fast neutrons, these particle radiations show excellent physical
dose localization in tissue. Moreover, in term of biological
effects, they show low oxygen enhancement ratio (OER), high
relative biological effectiveness (RBE), smaller cellular recovery,
larger therapeutic gain factor and less cell age dependency com-
pared to conventional radiations. A biological intercomparison
among the fast neutrons, protons, negative pi-mesons and heavy
ions is now conducted using a squamous carcinoma in WHT/Ht
albino mouse and TD50 assay (dilution method). In present report,
RBE, OER and PLD repair of these particle radiations are compared
to 250 kV x-ray.

RBE AND OER

Fast and neutrons

The fast neutrons are produced by bombarding a beryllium
target with 15 MeV deuterons extracted from a cyclotron at
Institute of Meical Science, University of Tokyo. Its average
energy was 6 MeV and dose rate was 20 rad/min.

The survival curves of murine epithelioma irradiated m vivo
with x-ray and fast neutrons are shown in Figure 1^. The open
triangles in Figure 1 show the surviving fractions of murine epithe-
lioma cells exposed to 250 kV x-ray in air-breathing conditions
and the closed triangles demonstrate the surviving fractions of
cells irradiated with 250 kV x-ray under hypoxic state. The dotted
line in the figure traces the open circles which suggest the sur-
viving fraction of cells exposed to fast neutrons. The x-ray
survival curve shows two segments, and DQ of the first segment
is 115 rad and that of the second segment is 276 rad. The neutron
survival curve bends slightly at the surviving fraction of 0. 03 and
the DQS of the first and the second components are 52 and 99 rad,
respectively. The RBEs obtained from the survival curve are
shown in Table 1. They have been calculated from the ratio of the
DO values, as well as from the doses which give equivalent survival
values. At the surviving fraction of 0.1 and 0.01, and RBE values
relative to 250 kV x-ray are 2.9 and 2.8, respectively. The RBE
determined from the DQ values is 2.2 for the first component
(aerobic cells) and 2.8 for the second component (hypoxic cells).
The compound survival curve which is obtained when mixed popu-
lations of cells are irradiated in_ vivo is generally assumed to
reflect the presence of subpopulation of radioresistant hypoxic
cells2),3). In the present experiment, the survival curve of the
epithelioma cells exposed to 250 kV x-ray clearly shows the presence
of such a subpopulation, which gives a second component in the
survival response parallel to the response of cells irradiated under
hypoxic conditions; the OER for 250 kV x-ray is 2.4, which is the
ratio of the Dg values for these two components. The presence of
a second component (hypoxic) in the neutron irradiated epithelioma
cell survival curve of this study is less well established. If,
however, the second component is assumed to reflect the survivals
of hypoxic cells, then from the slopes of these two components,
one obtaines an OER of 1.9.

Protons
Proton beams are produced from the 52 MeV FM cyclotron at

the Institute of Nuclear Study, University of Tokyo. The dose
rate was 4000 rad/min. at the middle of 1 cm spread out speak.
The survival curves of murine epithelioma cells exposed to proton
beams were obtained at two positions in the depth-dose distribut-
ion which were pre-peak plateau and peak positions. The survival
curves are shown in Figure 21", in which the dotted line drawn
through the open circles shows the survival curve of cells exposed
to peak protons, the chain line traced the closed circles demonstrates
the survival curve of cells irradiated with protons at plateau region
in depth dose curve and the dashed line drawn through the open
squares stands for the survival curve of murine epithelioma cells
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exposed to peak protons under hypoxic condition. The dotted and
chain lines suggest two component curves showing Dg values of 132
rad in the first component and of 316 rad in the second component.
The RBE values have been estimated from the ratio of the DO values,
as well as from the doses which give equivalent survival values.
The results are shown in Table 21*). The OER of protons was cal-
culated from the ratio of the DQ in the first component of the dotted
line and the DQ of the dashed line, and its value was 2.4.

Negative pi-mesons
Nagative pi-mesons are produced by bombarding a beryllium

target with 500 MeV protons extracted from an isochronous cyclotron
at TRIUMF. The dose rate at the pion peak was 15-20 rad/min and
murine epithelioma cells were irradiated at four positions in the
depth-dose distribution formed by pions, namely at pre-peak, post-
peak plateau regions and proximal, distal peak regions in the wide
peak of 4 cm. The survival curve of cells exposed to pions at
distal peak is shown as the dotted line in Figure 3 '. The curve
appears to bend slightly at a dose of 200-300 rad and DQ of the
first segment is 73 rad and that of the second segment is 130 rad.
The survival curve obtained by irradiation at proximal peak region
also demonstrates two component curve in which the D0s in the
first and the second components are 92 and 184 rad, respectively6).
The survival curves of murine epithelioma cells irradiated with pions
at pre-peak and post-peak positions are almost overlapped on the
survival curve obtained by 250 kV x-irradiation. The RBE values
calculated from the survival curves are shown in Table 36>.

The OER of distal peak pion was determined from the ratio of DQ
values in the survival curve obtained from hypoxic irradiation
(D(j=130 rad) and in the first segment of the survival curve at
peak position, and its value is 2.0*>).

Neon ions

Neon ions are produced from the Bevalac which is a high
energy heavy ion accelerator combining the SuperHILAC (a heavy
ion linear accelerator) with Bevatron (a proton synchrotron).
The Ne ions were accelerated to an extraction energy of 670 MeV/
amu and fully stripped when reaching the target, and the dose
rate was 400 rad/min. Murine epitheliomas were irradiated at pre-
peak plateau, proximal peak and distal peak regions in the depth-
dose curve whose curve had 4 cm wide peak. The survival curve
of cells irradiated with neon ions at distal peak is demonstrated in
Figure 4. The curve bends slightly at a dose of 200-300 rad as
in the curve of fast neutrons, pi-mesons, and the DO in the first
component is 74 rad and that of the second component is 139 rad.
The survival curve obtained by irradiation at proximal peak is
superimposed on the survival curve at distal peak. On the other
hand, in the survival curve of cells exposed to neon ions at pre-
peak plateau the DQS in the first and second components are 115
rad and 276 rad, respectively. The RBEs obtained from the survi-
val data are sumarized in Table 4.

The data presented here are obtained from the experimental
results using the same materials and the same assay method.
However, RBE or OER of these particle radiations are shown
different values depending on materials, endpoint to estimate these
values, irradiation method (single or fractionated) and beam energy.
Besides, protons, pi-mesons and neon ions demonstrate the differ-
ent RBE and OER values depending upon the widths of spread
out peak as summarized by Field7), Suit8^, Curtis ' and Skarsgard10^,
Therefore, it is very diffcult to give the fixed values of RBE and
OER of these particle radiations, but it is sure that these
particle radiations except protons have higher values of RBE and
OER compared to conventional radiations.
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REPAIR OF POTENTIALLY LETHAL DAMAGE

Repair of potentially lethal damage of murine epithelioma cells
exposed to fast neutrons, negative pi-mesons and neon ions were
studied. To test PLD repair, TD50 assay were performed at various
time after irradiation. In Figure 5 PLD repair of cells exposed to
fast neutrons of 600 rad is shown comparing to the results of x--
ray irradiation. The repair ratio (the surviving fraction after 8
hours/ the surviving fraction after 0 hour) is 5.8 compared to 11.2
in 250 kV x-ray. The PLD repair in cells irradiated with pion
dose of 800 rad at distal peak and neon ion dose of 800 rad at
distal peak are significantly smaller compared with x-ray, namely
the repair ratio are 3.9 in pion and 3.2 in neon ion.

Concerning to PLD repair in tumor system exposed to fast
neutrons Shipley et al.11) did not observe in Lewis lung tumor
and Rasey observed in other tumors1 ). Raju et al. suggested
no detectable PLD repair when CHO cells were exposed m vitro
to alpha particles from polonium13). There are not so many
reports of PLD repair in tumor system irradiated to particle
radiations, but it seems to be true that tumors exposed to neutrons,
pi-mesons and heavy ions show low repair ratios, if any, compared
to conventional radiations.
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Table 1 : Neutron RBE values for mouse squamous carcinoma

RBE relative to 250 kV x-ray

(D0)x/(D0)n At At

aerobic hypoxic S = 0.1 S = 0.01

2.2 2.8 2.9 2.8

Table 2 : RBE values of protons for murine epithelioma cells

RBE values relative to 250 kV x-ray

(D0)x / (DQ)proton

peak
plateau

aerobic

1.0
1.0

hypoxic at S = 0.1

1.0 0.9
1.0 0.8

at S = 0.01

0.9
0.8

Table 3 : Pi on RBE values relative to 250 kV x-ray for murine epithelioma cells

(D0)x / (Dg)pi

aerobic hypoxic at at
1st component 2nd component S = 0.1 S = 0.01

distal peak
proximal peak

1.6
1.3

2.1
1.5

2.2
1.6

2.0
1.4

Table 4 : RBE values of neon ions for murine epithelioma

peak
plateau

(D0)x /
1st component

1.6
1.1

(DQ)neon
2nd component

2.3
1.3

at
S = 0.1
2.2
1.4

at
S = 0.01

1.9
1.2
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Figure 1 : Survival curve of murine epithelioma cells exposed to
250 kV x-ray or fast neutrons.
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Figure 2: Survival of squamous carcinoma cells irradiated with
52 MeV protons,
o : survival of cells at peak protons.
• : survival of cells at plateau region.
o : survival of cells at peak protons under anoxic conditions.
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Figure 3: Survival of murine epithelioma cells exposed to negative
pi-mesons.
o: survival of cells at distal peak in 4 cm sprea out peak.
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Figure 4: Survival of murine epithelioma cells irradiated with neon
ions at distal peak in 4 cm spread out peak.
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PLD REPAIR (MUR1NE EPITHELIOMA)

0 1 2 3 4 5 6 7 8

TIME(HOURS) BETWEEN IRRADIATION AND ASSAYS

Figure 5: These curves show PLD repair of murine epithelioma cells
irradiated in vivo with x-rays of 1000 or 2000 rad and
with fast neutrons of 600 rad.
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Session VII

INTERSTITIAL RADIATION THERAPY

AFTER-LOADING TECHNIQUES IN BRACHYTHERAPY
Gynaecology and interstitial treatments

D. CHASSAGNE
Institut Gustave-Roussy,
Villejuif, France

SUMMARY

The basic principles of brachytherapy are recalled : geometrical arrange-
ment and low dose-rate continuous irradiation. After-loading is the basis
of modern brachytherapy which allows a better protection and the use of new
techniques.
In interstitial curietherapy Iridium sources are widely used for removable
implants with various new indications, four examples are given.Iodine 125
seeds are used for permanent implants.
In endocavitary curietherapy Cesium 137 sources replace Radium sources.
The use of projectors (remotely controlled machines) achieves an absolute
protection. Machines are commercially available for low , medium or high
dose-rate. Emphasis is put on the increased care which is necessary with
the use of high dose-rate (with Co 60 sources). These modern brachythe-
rapy techniques have permitted some new concepts in Dosimetry both in
interstitial and gynecology. On the economic point of view, brachytherapy
does not necessitate a high investment and therefore can be more widely
used whenever a well-trained staff exists.
Modern brachytherapy is still under development and few examples on "works
in progress" at the Gustave-Roussy Institute are given.

Brachytherapy is a very short distance radiotherapy with the radio-
active sources put either inside the tumor volume (interstitial
treatment) or at the surface or very close to the surface of the
tumor (endocavitary treatment mainly used for gynecology). Until re-
cently brachytherapy was always associated with continuous ir-
radiations at a low dose-rate of 40 to 60 centigrays (rad)
per hour for an average duration of six days.

The brachytherapy techniques are only indicated in accessible and
well-defined tumor volumes.
Providing that the geometry of the application is good and that the
dose prescription is well fixed, the results are excellent both
for the high cure-rate and for cosmetic results or tolerance of
normal tissues.
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It is generally held that these outstanding results are due to two
factors :
- 1°) The high dose delivered inside the tumor volume : it should
be pointed out that the reference dose is always the minimal dose
which surrounds the target volume, in every other point of the target
volume the dose is higher than the reference dose.

- 2°) The low dose-rate with continuous irradiation which allows
a relative sparing of normal tissue, or more exactly which allows
more repairs in normal cells than in cancer cells.
During the irradiation.

j:Head of Brachytherapy service-Professor of Radiotherapy
Gustave Roussy Institute - Villejuif 94800 France
Departement des Radiations (Pr. M. Tubiana)

In the last thirty years the radium techniques were progressively and
largely replaced by iridium 192 for interstitial and by caesium 37for
endocavitary techniques. These new sources were made to order and
miniaturized in such a way that after-loading techniques became
compulsory.
This renewal of brachytherapy by after-loading techniques is an
important improvement in many aspects :
- 1°) the protection of medical and technical staff ; this aspect is
fundamental and should never be forgotten ; the improvement is
especially important during the interstitial application when the
radiotherapist should care fully palpate the location of the
needles inside the tumor. After-loading gives us the time to perform a
perfect implantation. But the improvement is also true on the econo-
mic side because the required facilities are less expensive in the
storage room, in the application room and in the patient's bed-room.
The investment for brachytherapy is relatively small and this aspect is
of great importance in developing countries.
- 2°) new techniques, inconcievable with radium, have been realized
with after-loading, therefore a wideming of brachytherapy indica-
tions has become possible.
Many examples of these new indications, which compete with either sur-
gery or external radiation could be given.
We will limit to four brief examples :

a) the silk-suture technique (A. Sahatchev 1968 - Chassagne 1970)
by reducing their diameter to 3/10 of a millimetre, the radioactive
sources can be sewn into the tumor. This is expecially important in
mobile and fragile organs. In 100 consecutive cases of eyelid epithe-
liomas treated with this technique we had only one failure and very good
cosmetic results with a minimum of sequellae.
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b) In 30 consecutive cases of vaginal rhabdomyosarcoma in

infants, we use either a vaginal mould technique with iridium 192 wires,
or a combination of interstitial (hairpin) techniques and vaginal mould.
This technique is carefully planned for each case, according to the
location of the tumor on the vaginal walls. A minimal dose of 60 Gy
is delivered to a rather small volume. We had only two failures
which are explained by a faulty technique, however these failures could
be further salvaged, thus all the non metastatic patients are cured with a mi-
nimum of sequellae, avoiding extensive surgery in all patients except
one.

c) In a deep-situated tumor such as prostatic cancer, an
after-loading technique can be used during surgery. The technique of
implantation with iodine 125 seeds is well known (Hilaris B.) and
gives excellent results, we used a somewhat different technique with
2 or 3 plastic tube loops which are after-loaded with iridium wires,
with the sama indications and results as B. Hilaris.

d) In neck-node recurrences after combined surgery and exter-
nal irradiation, it is generally admitted that no treatment is possible.
We have performed more than 200 hundred implantations with the
Henschke's plastic tube technique (modified by the use of continuous wire
instead of evenly spaced iridium seeds). The indications is obviously
palliative, but this palliation is really effective, and we had 4 %
definitive cures. However, the main conclusion of this work is radio-
biological ; even after heay doses of external radiation it is possible
without irreparable dagages to deliver 60 gy to a large volume with a
continuous low dose-rate interstiti tial radiation.
From this evidence B. Pierquin has started his work of low dose-rate
external radiation which prooves the excellent tolerance of normal tis-
sues to a total dose of 60 gray delivered in 8 to 10 fractions with
a dose of 6 to 8 gray per day at a dose-rate inferior to 100 centi-
gray per hour.
All the works on hyperfractionnation in external radiation is in the
same radiobiological field.

3°) New rubles in geometry and in dosimetry became necessary.
The radiotherapist is no longer limited to the radium

needles arrangements or to the radium tubes geometry in Gynecology.
The technical possibilities of brachytherapy are great and yet not
completelyexplored. However there was a need for a new concept in
dosimetry.

In interstitial therapy a new concept was progressively
defined between 1965 ou 1975, it is known as "Le systeme de Paris".
(BP. Pierqui,n,A. Dutreix et al.) In geometry this system relies on
the use of evenly spaced continuous parallel lines of the same linearactivity
in dosimetry this system introduces two new definitions : the basal
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dose which is the minimal dose inside the target volume and the refe-
rence dose which is the envelope isodose at 85 % level of basal dose
which surrounds the target volume.

In gynecology the dose is no longer referred to the
radioactive source-arrangement (points A and B) but to anatomical re-
ference points either related to bony structures or to critical organs,
and further more to the dimensions of the pear-shaped volume treated
at a minimal level of 60 grays.

All these new approaches in dosimetry rely on the extensive
use of computer calculations ; however manual calculations remain pos-
sible with the "Point Technique" of calculation for interstitial
treatment, and with a pre-calculated atlas of isodoses for Gynecolo-
gy. This remark is important for developing countries : although com-
puter facilities are highly desirable, manual calculation remains pos-
sible in almost every case. In other words the lack of availability of
a computer should not be taken as an excuse not to perform brachythe-
rapy.
4°) Remote after-loading is technically possible with the miniaturi-
zation of the radio-active sources.
The machines used achieve a definitive goal : the complete and
absolute protection of all staff ; but these machines have nothing to
do with the improvement of brachytherapy.

In interstitial treatment same few prototypes have been
built, these prototypes are interesting (iriditron, curietron for
californium 25L) but are still experimental.

In gynecology these machines have experienced an extra-
ordinary development in the last ten years.
They are basically of two types :

1°) Low dose-rate machines which permit treatment at the bed-side
with absolute protection for staff and with excellent comfort for all
the gynecological patients. In other words these remote after-loaders are
a transfermachine which gives complete safety with classical techniques
(Cervitron II - Curietron Gynatron).

2°) High dose-rate machines which require treatment behind con-
crete protection in a very short time for gynecological patients. These
machines are an important break through in brachytherapy since they
allow brachytherapy to be performed'"''thout using in-patient beds
(Cathetron, Ralston, Buchler, Selectron). This fact, the saving of
beds is often quoted as a big advantage for developing countries,
however the following facts should not be forgotten :

a) a special concrete room has to be built, or a cobalt Co
Bunker has to be used consequentry telecobalt treatments cannot be
given during the brachytherapy.
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b) because of the decreased tolerance of normal tissues to
high dose-rate, the delivered dose has to be split in 4 to 6 applications,
usely once a week. Therefore, the application time has to be multiplied
by 4 to 6 for each case.

c) the margin of safety between the dose which cures the cancer
and the dose which gives definitive sequellae is diminished with
the high dose-rate. In other words, with this technique, brachytherapy
keeps the advantage of the geometrical dose distribution ; but loses
the advantage of low dose-rate irradiation.
Therefore, with high dose-rate, a very high safety and accurracy level
is necessary for each application ; no errors are permitted.

Further developments in brachytherapy

As we have already mentioned,the immense possibilities
of after-loading techniques are not completely explored. We would
like to briefly mention some of the work currently, in progress in our
institute.

1°) The use of a very low dose-rate, that is to say, between
10 to 25 centigrays per hour in interstitial therapy. In a few selected
cases, already heavily irradiated, we were able to cure the recurrent
cancer and to spare the normal tissues. The duration of treatment is
currently 15 to 20 days and the patient is tolerance is surprisingly
good.

2°) The combination of brachytherapy with either
radiosensitizers or hyperthermia.
We have thus treated a few cases during the last two years but no-
thing very striking can be said at the moment, except that the tole-
rance was excellent.

3°) The place of interstitial neutrontherapy by californium
252 has never been clearly defined, despite 15 years'experience. The
reason for this lack of information is the important hazards of neu-
trons, which obviously limit their use - after many years of efforts
we have built a new remote after-loader which can treat one patient
per week without hazards. We hope to be able to provide an answer to
this problem in the future.
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FRACTIONATION OF INTRACAVITARY TREATMENT OF UTERINE CANCER PATIENTS
WITH HIGH INTENSITY SOURCES OF CO-60 AND Cs-137
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Abstract

In order to avoid hazardous radiation exposure to the
medical staffs concerned with the brachytherapy, remotely cont-
rolled after-loading method using high intensity sources of
Co-60 or Cs-137 have been employed. This report presents the
results of treatment of patients with cervical cancer by diffe-
rent fractionations, that is single or two exposures a week.
During 1973-1977, 500-540 rad was given as a daily dose at point
A and repeated 2 times a week for a total dose at point A of
3,000-3,200 rad by 6 fractions in 18-21 days. From January
1978, the daily dose at point A was increased to 800 rad and was
given once a week and repeated 3 times, providing a total dose
at point A of 2,400 rads in 15 days. Additional external irra-
diations were almost the same in both groups. In the former
group, 194 patients were treated. After 1978, 77 patients were
irradiated by the latter method. The 3-year cumulated survival
rate of stage II patients were 76% in the former and 94% in the
latter. Those of stage III were 67% and 64%, respectively.
The incidence rate of radiation therapy failure in pelvis and
response to treatment were not different between two groups.
There were not significant differences between two groups of the
late intesional and urinary complications. However, if the
patients with stage III cervical cancer were divided into
three groups according to the tumor volume, the survival rate of
patients with large tumor volume treated by the latter method
was worse and not acceptable.

It could be presumed that no remarkable difference was
observed in survival rate (except stage III large tumor volume)
and side effects between the two groups, indicating that a single
exposure per week with a adequate dose may not be harmful.

Introduction

The patients with cervical cancer can be treated either by
surgery or by radiotherapy. These two methods are both useful
and have merits and demerits in each other. In our hospital,
probably in many hospitals in Japan, cervical cancer patients
visit the clinics of gynecology at first and the treatment
methods is usually determined by the gynecologists(1). Then,
the patients who were not suitable for surgery were introduced
to the clinics of radiotherapy. Radiotherapists must treat the
patients who are old, have some concurrent diseases or have an
advanced disease.

We have treated these unfavorable patients with remotely
controlled high-dose rate intracavitary irradiation. This system
had some advantages(2) (3) (4), that is, (1) the medical staffs
concerned with the brachytherapy can be avoided from hazardous
radiation exposure, (2) many patients can be treated in out-
patients clinics, (3) patients should be only stayed for a few
minutes in a shielded room (about 10 minutes) and had less
mental blow, etc.
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If the overall times of the treatment and the fractions can
be reduced, out-patients with cervical cancer must be able to
obtain more benefits. The survival rate, tumor response to treat-
ment, and early and late reactions of the normal tissues were
compared retrospectively in this report.

Material and Method

All Patients were started with external irradiation of the
whole pelvis. Depending upon anterior-posterior parallel
opposed fields, a dose of 3,000 rad was given in 15 daily frac-
tions by a radiation field shown in Fig. 1 with 6 MV linac x-ray
working at 100 cm STD. This radiation field included from the
lower margin of 4th lumbar vertebra to the lower margin of the
obturator foramen. After then, a dose of additional 2,000 rad was
irradiated to the pelvis by the same field. However, the central
high dose area was shielded with a 4x10 cm block. Therefore,
a total dose of 5,000 rad was given to the pelvic wall by the
external irradiation. After the dose of 3,000 rad of the whole
pelvis, intracavitary irradiation was started, combined with
further external irradiation. In Keio University Hospital,
the Tohsiba's Unit, Specially designed by Yamashita(5) containing
7 sources of 1-3 Curies of Co-60 and Cs-137, has been clinically
employed. This system is the high-dose rate remotely controlled
afterloading method. The patients were usually applied 2 Ci of
Co-60 into the uterine cavity and 3 Ci of Cs-137 in the each side
of the vagina. The dose distribution of the intracavitary irra-
diation was shown in Fig. 2.

1. Group 1. Two fractions per week method.
During 1973-1977, a dose of 500-540 rad of the intracavitary

irradiation was given as a daily dose of point A and repeated
2 times a week (on Monday and Thursday, or on Tuesday and Friday)
for a total dose at point A of 3,000-3,240 rad by 6 fractions in
18-21 days. The patients were given external irradiation on
other three days a week (on Tuesday, Wednesday and Friday, or on
Monday, Wednesday and Thursday), combined with the intracavitary
irradiation. One hundred ninety four patients with stage I-IV
cervical cancer were treated by this method and the number of
patients of the each clinical stage was shown in Table I.

2. Group 2. One fraction per week method.
After January 1978, the daily dose at point A was increased

to 800 rad and given at an interval of 7 days or once a week and
repeated 3 times, providing a total dose at point A of 2,400 rad
in 15 days. For example, when the intracavitary irradiation
was done on Monday, the external irradiation was given on Tuesday
through Friday. The dose of 2,400 rad by 1 fraction per week
during 15 days was considered roughly equal to 3,000 rad by 2
fractions per week during 18-21 days according to the concept of
single equivalent dose of Liversage-Johanesburg system (6).
Seventy seven patients were treated by this method until June
1980.

1. Survival rates.

The cumulated survival rates were shown in Fig. 3. In the
stage II cervical cancer patients, the 3-year cumulated survival
rates were 76% (52 patients) in group 1 and 94% (17 patients) in
group 2. It looks that the survival rate of stage II patients
treated by 1 fraction per week method is superior to 2 fractions
per week method. However, it should not be concluded that the
1 fraction per week method is excellent to the 2 fractions per
week method because the number of patients in group 1 is few and
the follow-up period of group 2 is short. Those of stage III
were 67% (118 patients) in group 1 and 64% (47 patients) in
group 2, respectively. There was no significant difference
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between these two groups. Evaluation of the patients in stage
I and IV could not be discussed because the number of cases
treated by 1 fraction per week method was too small. The
patients with stage III cervical cancer were divided into three
groups according to the tumor volume and the survival rate in
each groups was shown in Fig. 4, that is, small (S); less goose
egg sized, small dense nodules in the parametrium, medium (M) ,-
less goose egg sized, parametrium involved massively on one
side, large (L); over goose egg sized, parametrium involved
massively on both sides. The survival rates of patients with
small tumor volume in group 1 and group 2 were 78% (46 patients)
and 81% (14 patients), respectively. Those of medium size were
69% in group 1 (44 patients) and 73% in group 2 (22 patients).
There was no significant difference between 2 treatment methods
in the 3-year survival rates of patients with small and medium
size tumor volume. However, the 3-year survival rates of
patients with large tumor volume stage III cervical cancer were
56% (30 patients) in group 1 and 29% (8 patients) in group 2.
There was the similar age distribution of patients in two groups.
The number of patients with large volume stage III cervical
cancer treated by 1 fraction per week method was small, but the
response of the tumor in these patients was worse. Many of them
were not controlled. The result of treatment of large tumor
volume by 1 fraction per week was not acceptable.

2. Radiation therapy failure in pelvis and radiation response.

If the tumor volume was not regressed under a half until 2
months after radiation therapy, the tumor response to radiation
therapy was evaluated as poor response. There were no poor-
response patients in stage II cervical cancer. Fifteen patients
among 118 stage III (13%) in group 1 were evaluated as poor, and
5 of 47 (11%) in group 2 were. The regrowth of tumor in the
radiation field was found in 14% of stage II group 1 and in 16%
of group 2 in 3 years. In stage III patients, there were 30%
of radiation therapy failure in pelvis in group 1 and 27% in
group 2. The incidence rate of recurrence in the radiation
therapy field and the tumor response to radiotherapy were not
different dispite of the dissimilar therapeutic methods.

3. Early normal tissue reaction.

Table II gives the early bowel reactions in the two groups.
Tolerance during treatment was recorded in all patients and was
divided into three degrees (7); Good:those patients who experi-
enced no weight loss, nausea, vomiting or diarrhoea, Fair:those
patients who had nausea, vomiting or diarrhoea which was readily
controlled with medication, Poor:those patients who required
constant medication during treatment to control severe nausea,
vomiting or diarrhoea, In this group the radiation frequently
had to be stopped for a few days in order to allow the patient
time to recover. The analysis shows that 18% (35/194) in the
group 1 had a poor treatment tolerance, whereas 20% (15/77) of
those patients in group 2 (Table II). Both were very similar
and acceptable. There were no patients who were given up the
radiotherapy because of poor radiation tolerance.

Some patients in both groups complained the frequency of
urination but needed no treatments.

4. Late intestinal complications.
There was no significant difference in both groups for the

beginning of the sysmptoms and complains. Patients who comp-
plained abdominal pain, blood and mucus in the stool 4 months
after radiotherapy, were evaluated as having late intestinal
complications. They usually underwent clinical examination and
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barium emena. Most of them were found to have slight mucosal
change in the rectum and/or the sigmoid colon and were treated
conservatively. Stenosis and fistulae were rare. Most bowel
symptoms began six through eithteen months after radiotherapy.

The cumulated incidence rate of delayed intestinal complica-
tions were 15% (21/194) in group 1 and 12% (7/77) in group 2
(Fig. 6). During 1973-1976, 7 patients had severe late
intestinal complications and were surgically treated. This
corresponded to 3.6% of all 194 patients and 33% of 21 patients
with late intestinal complications. Three patients underwent
colostomy due to bloody stool and anemia, and one patients did
due to rectal stenosis. Two patients had rectovaginal fistalae.
One patient and severe abdominal pain and did not controlled
conservatively. He was surgically treated because of ileus.
By 1 fraction per week method, only one patient (1.3% of all 77,
and 17% of 7 patients with late intestinal complications) had
severe bloody stool and were surgically treated.

5. Late Urinary complications

The cumulated incidence rate of the urinary complications
was 15% of patients in group 1 and 3% in group 2. The result was
shown in Fig. 7. The urinary complications began 6 months after
radiotherapy, but increased until 4 years. Most patients healed
spontaneously and some needed medication but no surgery. The
difference between two groups should not be discussed because the
follow-up period of group 2 was short. However, the urinary
complications in group 2 is not larger until today.

6. Vaginal ulcer and leg and pubic edema.

There were five cases of vaginal necrosis in group 1 and
three cases in group 2. No patients needed further treatment
and all healed spontaneously.

Leg and pubic edema was found in 5% in group 1 and 3% in
group 2. These lesions were stationary and needed no medical
treatment.

7. Intravenous pyelographic findings.

In analysing the IVP findings, the test was done before,
and soon,3,6 and 12 months after the treatment. The number
of patients with abnormal IVP findings was shown in Table IV.
In 118 stage III patients in group 1, 32 (27%) had abnormal IVP
findings before radiotherapy. These findings were localized
on one side in 75% (24/32), but on both sides in 25%. Fifteen
of 47 (32%) in group 2 showed abnormal IVP. In this group,
the lesion was limited on one side in 87%. There was no
significant difference in the incidence rate of abnormal IVP
findings. Many findings were not changed by the radiotherapy.
However, six of 32 (19%) in group 1 and 4 of 15 (27%) in group
2 were improved, and 3 in group 1 became worse. These changes
of IVP findings were shown 4-12 months after radiotherapy,
and seldom related with rapid regression of tumor volume.

Discussion
The remotely controlled after-loading method with high-dose

rate sources provides some benefits to patients and medical
staffs. Many patients could be treated in out patient except
some patients with poor radiation tolerance. The time of
irradiation is short and localization of the dose is accurate.
There was no hazardous radiation exposure to personnels and no
troubles until today.
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In analysing the possible benefits of this system, the sur-
vival rate and complications following irradiation assume a
major role in the total treatment plan. The cumulated 5-year
survival rates of two fractions per week method in stage II and
III patients were 71% and 54%, respectively. This result would
be acceptable, comparing with the classic intracavitary irra-
diation using radium in other institutes (8). There was no
significant increase in late intestinal complications in patients
treated with this system. It was tried that the fractions of
intracavitary irradiation could be reduced, based on the results
until 1977. If it is possible, the patients could obtain more
benefits from this trial, because one of main purposes of this
method is to reduce the economical and mental burdens of the
patients. There is also merit to the hospital because larger
number of patients can be treated for a given period. It was
reported that the reduction of fractions of external irradiation
from five to one per week was very dangerous and not acceptable
(9). We have been afraid that the reduced fractions would
increase the incidence rate of late normal tissue injuries.
However, we assumed that severe late complications would not
be increased because the normal tissue volume exposed by the
intracavitary irradiation is small. It was stated that overall
time is necessary from the point of view of preservation of
normal tissue and fractions during such protracted period of
overall time is less important (10). It was also concluded
that higher extrapolation numbers indicated the desirability of
delivering the dose in fewer larger fractions (11). We expected
that the larger volume tumor could be controlled by the smaller
fractions from these view points. The cumulated 3-year survival
rates of patients in group 1 and 2 are not significantly differ-
ent. However, that of patients with stage III large volume
tumor in group 2 and response of tumor to radiotherapy were
worse and there was no improvement of these by smaller fractions,
because the number of patients who were treated by new method
is small, it should not be concluded that the new method is
more worse than the previous one, but we could not find any
merits from the new method for stage III large volume tumor.
It was presumed that the large volume tumor had many hypoxic
cells and should be treated by low-dose rate intracavitary irra-
diation from the concepts of radiation biology. We think that
low dose rate is reasonable to this lesion. The late complica-
tions, especially intestinal ones, were not increased. Eight
patients had severe late intestinal injury, and 7 of them occured
during 1973-1976. There was only one by one fraction per week
method. Because most severe late intestinal comlications had
broken out at the early stage of starting the high-dose rate
intracavitary irradiation, they were probably due to the technical
faults and not due to the difference of radiation methods.
It would be reasonable to think, that one fraction per week method
is not certainly excellent in averting the severe late intestinal
complications. There were no remarkable urinary complications.

We think that a single exposure per week with an adequate
dose may be convenient for out-patients and not harmful.
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Legends:

Fig. 1. The radiation field of external irradiation.

Fig. 2. Dose distribution of our remotely controlled
high-dose rate after-loading method.

Fig. 3. Cumulated survival rate of patients with cervical
cancer treated with radiation therapy.

Fig. 4. Difference of clinical results according to the
tumor volume in stage III cervical cancer.

Fig. 5. Incidence rate of radiation therapy failure in
pelvis and poor tumor response to radiation therapy.

Fig. 6. The incidence rate of late intestinal comlications
after radiation therapy of cervical cancer.

Fig. 7. The incidence rate of late urinary comlications
after radiation therapy of cervical cancer.
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Table I. Number of patients with cervical cancer treated with radiotherapy

stage
total I Ha lib Ilia Illb IVa

1973 epidermoid cell
- 1977 carcinoma

189 15 42 109

adenocarcinoma

1978
- 1980

epidermoid cell
carcinoma

73 10 14 43

adenocarcinoma

Table II. Incidence rate of acute intestinal symptoms

good fair poor

1973 - 1977 39%(76/194) 43%(83/194) 18%(35/194)

1978 - 1980 34%(26/77) 46%(35/77) 20%(15/77)

Table III. Severe late intestinal complications.

No. of total late
intestinal
complications

Severe late intestinal
complications

No. of Interval after
patients radiotherapy.

1973 - 1977 21 operation due to ileus 1

colostomy due to rectum stenosis 1
" due to hemorrhage 3

(bloody stool)

rectovaginal fistulae 2

1 year

i y

2 y

i y

10 months
10 m
8 m
10 m
3 m
9 m
8 m

1987 - 1980 colostomy due to hemorrhage
(bloody stool)

1 year 1 month
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Table IV. The incidence rate of abnormal IVP findings in stage III and IV cervical cancer

findings of IVP

1973 - 1977
stage
III IV

1978 - 1980

III IV

% of abnormal IVP findings 27% (32/118) 78% (7/9) 32% (15/47) 100% (3/3)

hydronephrosis on one side
hydronephrosis on both sides
non-functioning kidney on one side
non-functioning kidney and hydronephrosis 3% (1/32)

44% (14/32)
22% (7/32)
31% (10/321
3% (1/32)

29% (2/7)
1% d/7)
57% (4/7)
0%

57% (8/15)
13% (2/15)
30% (5/15)
0%

0%
67% (2/3)
33% (1/3)
0%

Table V. Changes of abnormal IVP findings after radiation therapy

IVP findings improved unchanged becameworse unknown total

1973
- 1977

hydronephrosis

non-functioning kidney

total

24% (5)

9% (1)

19% (6)

57% (12)

73% (8)

62% (20)

14% (3) 5% (1)

18% (2)

10% (3) 10% (3)

100% (21)

100% (11)

100% (32)

1978 hydronephrosis 38% (3) 62% (5)

non-functioning kidney 14% (1) 86% (6)

total 27% (4) 73% (11)

100% (8)

100% (7)

100% (15)
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Fig. l. The radiation field of external irradiation.

131



Fig. 2. Dose distributions of our remotely controlled high-
dose rate after-loading method
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Fig. 3. Cumulated survival rate of patients with cervical
cancer treated with radiation therapy.
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Fig. 4. Difference of clinical results according to the
tumor volume in stage III cervical cancer
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Fig. 5. Incidence rate of radiation therapy failure in pelvis
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Fig. 6. The incidence rate of late intestinal complications
after radiation therapy of cervical cancer
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135



Session VIIIA

FUNDAMENTAL STUDIES ON HYPERTHERMIA

THE RECURRENT INTEREST IN THE RECENT RESEARCH IN EXPERIMENTAL CANCER
THERAPY IN VITRO

E. KANO, S. TSUBOUCHI, T. KONDO, M. INUI
Department of Experimental, Radiology and Health Physics,
School of Medicine,
Fukui Medical University,
Fukui, Japan

J. MIYAKOSHI, M. FURUKAWA, S.-I. HEKI
Department of Radiation Biology,
Kyoto College of Pharmacy,
Kyoto, Japan

Summary :
Since Arrhenius plot for hyperthermic cell killing bends

at about 42.5°C, mode of the action would be different between
ranges of temperatures above and below 42.5°C. Hyperthermias
at above and below 42.5°C is generaly called high and low hyper-
thermias respectively. A mode of duplicated heatings i.e. pre-
ceeded high hyperthermia followed by low hyperthermia is called
step down heating, while the reverse sequence of the duplicated
heatings is called step up heating. Step down heating is remark-
ably more effective for cell killing than step up heating. Cells
preheated by high hyperthermia are sensitized to low hyper-
thermia, while cells preheated by low hyperthermia show reduced
sensitivity to high hyperthermia.

Combined treatments of heat and X-rays show hyperthermic
radiosensitization as appeared in reduced D value. Sequences
of treatments with heat and X-rays show no apparent difference
while combined treatments of step down heating and X-rays show
more hyperthermic radiosensitization than those of step up heat-
ing and X-rays.

Thermotolerance is induced in fractionated step up heating,
in which 37°C interval is interpolated between the low and high
hyperthermia. The thermotolerance is maintained for the first two
hours of the 37°C interval. Other hand, thermosensitization is
induced in fractionated step down heating in which 37°C interval
is interpolated between high and low hyperthermia. The thermo-
sens:
val.
sensitization is maintained for about 7 hours of the 37°C inter-
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Radiosensitization obtained by preceeded high hyperthermia
is disappeared for the first two hours of 37°C interval prior to
the X-rays and complete disappearance of the radiosensitization
is performed at 24 hours of 37 C interval. Step down heating is
more efficient than step up heating in the hyperthermic radio-
sensitization.

(A) Hyperthermic cell killings at above and below about 42.5 C.

Appropriate knowledge of hyperthennic cell killing was introduced
in the textbook Toy E.J. Hall '. It was first reported by P.J. Palzer

2)and C. Heidelberger ' that hyperthermic cell killing effect on a given
identical strain of cells varied due to the variety of temperatures
treated. In their report HeLa cell strain originated from human
carcinoma of cervics uteri, was heated in the water bath at a range
of temperatures from 41 to 43 C. The effect was measured "by the
fraction of the surviving cells, colony forming unit, after the heat
treatment, and the treatment time-survival relationships were shown,
as well as in the radiation cell killing. In this experiment, heat
treatment time—survival curves were sorted into two groups owing to
the difference in the treated temperature ranges at above 42 C and
"below 41.5°C. Heat treatment time-survival curves were plotted on the
semi-logarithmic section paper, as well as radiation dose-survival
curves. Curves obtained initiated with upward or downward concavities
in the short range of treatment periods, which were followed "by
apparently simple exponential regressions. The slope of the exponentially
regressing curve at a given temperature was expressed "by T values,
a period of the heat treatment. The survival fraction from the heat
treatment for the T on the exponentially regressing part was estimated
as 1/e, as well as in D value of the radiation dose-survival curve.
Difference in the T values among strains of cultured cells was observed,
as well as in the cellular radiosensitivities '.

T values for the treatment temperatures at above about 42.5 C
was remarkably lower than that at below about 42.5°C. An Arrhenius plot
for T , or 1/TQ, values bends at about 42.5°C. This means that cell
inactivation efficiency per unit heat energy differs between ranges of
temperature at above and below about 42.5°C as reported by J.E. Robinson
and M.J. Wizeriberg4'. Is the difference in cellular thennosensitivities
by the temperature due to the difference in either the heat target(s)
or in the cellular repair mechanism from the damage(s)?
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(B) Step down and step up heatings in sequential treatments of
hyperthenni a.

Step down heating is a modality of fractionated heatings at two
different temperatures, which "begins with so-called high hyperthermia
at above 42.5 C for shorter treatment period and followed by so-called
low hyperthermia at below 42.5 C for longer treatment period. The
alternative sequence of the two heatings is called modality of step
up heating. Either of the two types of heatings can be complicated by
inserting 37 C interval incubation between the fractionated heatings.
Step down heating was more efficient modality than the alternatives
as reported by K.J. Henle and D.B. Leeper ' in which they heated CHO
cells, orinated from Chinese hanster ovary. We reported on the
effects of step down and step up heatings to Chinese hamster V-79
cells, that the cells preheated at 42°C for 2 hrs showed the reduced
cellular thermosensitivity to the successive heating at 44 C which
was shown as increased T , and that the cells preheated at 44 C for
15 min showed the remarkably increased cellular thermosensitivity to
the successive heating at 42 C shown as decreased T value. Here,
the heatings at 42°C for 2 hrs and at 44°C for 15 min give the same
cellular survivals.

(C) Combined sequence of hyperthermia and radiation.
6 8^We extended the study ' for a hyperthermic radiosensitization,

for which a sort of triplicated treatments of high and low hyperthermia
and x-irradiation were combined. The treatments were composed of the
combination of heatings at 44 C for 15 min and at 42 C for 2 hrs, and
x-irradiation with various doses, in all the possible sequence. The
sequence was expressed as44C-X-42C and so on.

Sequence of step down heatings combined with x-irradiation, i.e.
X - 44°C - 42°C, 44° - X - 42°C and 44°C - 42°C - X, showed always
larger hyperthermic radiosensitization ratios of about 3 in D control/D
combined, than those of about 2 obtained from the three sequences of
step up heatings and X-irradiation.

Among the three possible sequences of step down heatings and
X-irradiation, the highest TER in D control / D combined was obtained
from the sequence, 44 C - X - 42 C, which was followed by in due order
by sequences, X - 44°C - 42°C and 44°C - 42°C - X. On the other hand,
among the other three possible sequences of the step up heatings and
X-irradiation, TER was obtained in the same order to those of the step
down heatings, i.e., 42°C - X - 44°C, X - 42°C - 44°C and 42°C - 44°C - X,
as shown in Table 1.
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(D) Repair from the damage by hyperthermia and modification
of cellular thermosensitivity.

Modes of step down and up heatings were reported in CHO cells
heated at 43°C and 40°C with an interpolated incubation at 37°C '.
In the modality of 40 C - 37 C - 43 C step up heating, thermotolerance
to the 43 C heating was induced by the preheating at 40 C. The
thermotolerance was maintained for the first 2 hrs of interpolated
incubation at 37 C and then decreased. On the other hand, in the modality
of 43 C - 37 C - 40 C step down heating, thermosensitization to the
40°C heating was induced by the preheating at 43°C for 30 min, while
non-preheated control CHO cells showed no thermosensitization to the
40 C heating. The thus induced thermosensitization to the 40 C heating
was maintained for 7 hrs and then disappeared. Thermosensitization
and thermotolerance induced by step down and step up heating respectively,
were thus maintained and then disappeared during the interpolated
incubations at 37 C between the high and low hyperthermic heating.

On the other hand, hyperthermic radiosensitization is maintained
and then disappears during the interpolated incubation at 37 C as

9)reported by K.J. Henle and D.B. Leeper '. When CHO cells were treated
with modality of 45°C for 17.5 min - 37°C for variety of periods - 4.5 Gy,
synergistic effect or reduction of the survival was recovered mainly
during the first 2 hours of the interpolated incubation at 37°C and
followed by the complete recovery at the 24 hours of the interpolated
incubation at 37 C.

We reported ' that: in a modality of 42°C for 60 min, 44°C
for 15 min - 37 C for varying periods - 3 Gy of X-rays, synergistic
effect on reduction of survival was maintained during the first 8 hours
of the interpolated incubation at 37 C, while in another modality of
44°C for 15 min, 42°C for 60 min - 37°C for varying periods - 3 Gy,
the synergistic effect was maintained during more than 24 hours of the
interpolated incubation at 37 C. Here, step down heating was more
efficient than the step up heating on the hyperthermic radiosensitization.
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TABLE I

D Values and Thermal Enhancement Ratios of Survival Curves of V-79 Cells
Exposed to The Combined Treatments of X-irradiation, 42°C and 44°C Hyper-
thermia.

1st treatment
2nd treatment
3rd treatment
DQ value (Gy)

DQ, X alone e)

D , combined treatment

(x)a)
n.t.d)

n. t.
1.72

1.00

(X)
(42)
(44)
0.95

1.81

(X)

(44)
(42)
0.60

2.87

(42)b>

(X)
(44)
0.83

2.07

(44)C)

(X)
(42)

0.48

3.58

(42)
(44)
(X)

0.88

1.95

(44)
(42)
(X)

0.55

3.13

a). (X):X-irradiation with various doses
b).(42):60 min treatment at 42°C
c).(44):15 min treatment at 44°C
d).not treated
e).Thermal Enhancement Ratio (T.E.R.) in D
[data from reference (6)]
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HYPERTHERMIA AS A RADIOSENSITIZING AND CYTOTOXIC AGENT
Cell biological and biochemical considerations

C. STREFFER, D. VAN BEUNINGEN
Institut fiir Medizinische Strahlenphysik und Strahlenbiologie,
Universitatsklinikum Essen,
Essen, Federal Republic of Germany

A b s t r a c t

A thermal treatment of mammalian cells has a strong potential
on cell killing. It can act as a cytotoxic agent by itself.
Cells, which are rather radioresistant, like S-phase cells
or hypoxic cells in an acidic environment, are very thermo-
sensitive. These biological differences may be an advantage
for tumour therapy. Hyperthermia induces in cell and tissues
strong alterations in physiological and biochemical parameters
which may influence the cytotoxic potential. The breakdown of
blood microcirculation can lead to a further elevation of
temperature, as heat transport is interrupted from the
exposed tissue.
In combination with ionizing radiation hyperthermia enhances
radiation effects in a potentiating manner. The recovery and
repair processes are reduced. Besides the shoulder also the
D of the dose-effect-curve becomes smaller. Such effects are
mainly described for low LET radiation. The thermal enhancement
ratio ( TER ) is found to be around 2, it strongly depends on
the temperature and the heating time. While for the action of
hyperthermia alone damage to the cellular membranes are
important, the radiosensitization is apparently caused by
enhancement of chromosomal damage. The latter effect is observed
with lower temperatures than the first one.

For the clinical use of hyperthermia with ionizing radiation
the sequence and interval of the two agent are important.
The TER is optimal after a simultaneous treatment in normal
tissues as well as in tumours. An interval of some hours
between radiation and hyperthermia may be advantageous in order
to improve cancer therapy.

Fractionated heating with low temperatures induces thermo-
tolerance when hyperthermia is applied alone. For the radio-
sensitizing effect thermotolerance is apparently less important.
These phenomena are relevant for the clinical use.
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Introduction
The application of hyperthermia in cancer therapy has a long
history. In 1895, when Roentgen discovered X-rays, a lively
discussion took place in the Gentian medical journal "Deutsche
Medizinische Wochenschrift". Emmerich and Scholl meant to have
in their hands a cancer-specific agent with the serum from
Erysipeal-infected sheep,with which they induced fever in
patients in order to cure cancer. Peterson wrote that such
treatment was unscientific and irresponsible. The discussion
about the value of hyperthermia as a treatment modality never
stopped. Since it was observed that hyperthermia increased
radiation effects on cell killing the interest, to use hyper-
thermia for cancer therapy, was growing. An enormous amount of
data has been produced about the biological action of hyper-
thermia on mammalian cells during recent years. The experimental
results demonstrate that heating in combination with ionizing
radiation can act in a radiosensitizing way, by which radiation
effects are potentiated, or in a cytotoxic way by which heating
kills cells and thus is only additive to the radiation effects
[l,2J. On the basis of the experimental studies the use of
hyperthermia in cancer therapy is growing.

Hyperthermia as a Cytotoxic Agent
If mammalian cells are incubated at elevated temperatures
( 42° C and higher ), the survival rate of cells is reduced
[sj. The effect increases with temperature and generally with
incubation time. A semi logarithmic plot of survival against
incubation at a constant temperature yields a similar dose
effect curve ( curve with a shoulder ) as observed after
irradiation-. The cell proliferation decreases immediately
for some time after a certain period cell proliferation starts
again. This period is followed by an increased cell loss as
shown in Fig. 1 for human melanoma cells. It is remarkable
that cells, which are comparatively radioresistent, can show
a high thermosensitivity.
With synchronized mammalian cells it has frequently been
observed that cells in S-phase are more radioresistent than
the cells in the other phases of the cell cycle, while S-phase
cells survive to a smaller degree when incubated at high
temperature [4J. Also the more radioresistent hypoxic cells
are apparently more thermosensitive J5j. These features may be
advantageous for the combination of ionizing radiation and
hyperthermia in cancer therapy, as both agents complement each
other.
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The environmental conditions of the cells are very important
for the cytotoxic effect of hyperthermia. Cells with insufficient
nutrition, chronic hypoxia and increased acidity are much more
vulnerable to hyperthermia [-5J. Such an environment is found in
large and especially poorly vascularized tumours, if at all it
occurs rarely in normal tissues. It has been postulated that
these conditions will enhance the effect of hyperthermia in the
tumours in comparison to normal tissues [6j.

Furthermore hyperthermia may induce such conditions by altering
the cellular metabolism [7 J and the blood flow with its
microcireulation |8j. The latter may be of high significance
for the application of hyperthermia in cancer therapy, as changes
of the blood flow would not only influence the cellular thermo-
sensitivity but also the heating characteristics. The temperature
in a heated tissue is partly also determined by the blood flow,
which transport heat from the tissues. A breakdown of the
microcirculation leads to an elevation of the temperature. It
has been assumed that this occurs in tumours with a higher
probability than in normal tissues [8 ].

Hyperthermia induces a sudden drop of DNA-.RNA- and protein
synthesis [7 Jand this effect may contribute to a great extent
to the decrease of cell proliferation during and shortly after
hyperthermia. The decrease of DNA synthesis occurs during
and for some hours after heating; it is observed after each
heat fraction ( Fig. 2 ). However elevated temperatures also
changes the intermediary metabolism of cells and may lead
to an accumulation of acidic metabolites. It has been assumed
that the lactate production is enhanced [9]. However a lactate
accumulation has been observed neither in liver tissue nor in
a tumour in vivo after heating [7,10j. But other acidic
metabolites, like 3-hydroxybutyrate and acetoacetate, are
enhanced for several hours after hyperthermia ( Fig. 3 ) and
these substances may alter the pH-value and influence the
survival of cells. These metabolic changes can be influenced
by a glucose load. Therefore it has been discussed that glucose
can enhance the effect of hyperthermia which may be of interest
for the clinical use J9J.
The cytotoxic effect of hyperthermia is very much dependent
on the temperature and has a steep temperature gradient;
0.5-1.0° C difference can alter the effect tremendously ( Fig. 4 ),
When a moderate temperature of about 42° C is used the
prolongation of hyperthermia is ineffective after some time.
Further heating does not induce more cell killing under these
conditions. The effect of heating at 42° C for 3 and 6 hours
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is the same on the growth of melanoma cells ( Fig. 5 ). The
possible clinical implications of these observations will be
discussed later.

Hyperthermia as a Radiosensitizing Agent
The radiation effect on cell killing is strongly enhanced when
the cells are incubated at elevated temperatures ( 40°-45° C )
directly after irradiation [11 j. The radiation-induced dose
effect curve is modified in that way that the shoulder and
the steepness of the curve ( D ) is reduced ( Fig. 6 ). One
main effect is attributed to the impairment of repair from
sublethal radiation damage by heat. It has been demonstrated
that single strand breaks of DNA are less repaired when the
cells are incubated at temperatures around 42° C [l2J.

These data show that especially those cells will be sensitized
by hyperthermia which have a comparatively broad shoulder in
their dose effect curve. Within the cell cycle the sensitizing
effect on S-phase cells is especially pronounced as cell
killing with heat alone [3 ]. Further if a tumour cell
population has a higher capacity of recovery than the
surrounding normal cell lines, then the tumour cells will be
more affected by hyperthermia followed after irradiation. Thus
a modification of the dose effect curve occurs similar to that
which is observed by high LET radiation. Thus, the use of
hyperthermia may be an alternative to high LET radiation.
In analogy to the RBE-value a "Thermal Enhancement Ratio
( TER )" has been defined as the ratio of doses of ionizing
radiation without and with heat to produce the same level of
damage [13J. TER-values of up to 2 and higher have been
reported |14J.
These effects of hyperthermia have been mainly observed with
low LET radiation. Little is known about the interaction of
heating and high LET radiation. Gerner [l5J has found a sensiti-
zing effect of hyperthermia on CHO cells after irradiation with
carbon ions. The sensitization has been less with this high
LET radiation than with X-rays. With 7 MeV neutrons the TER
has been the same as with X-rays when the growth of human
melanoma cells has been measured. The results show that the
mechanisms of action on the recovery processes are different
for the dose modification by hyperthermia and by high LET
radiation. This can also be demonstrated if the formation of
micronuclei, which is a measure for cytogenetic damage |_16j,
is determined after both treatment modalities ( unpublished
results ). From these different mechanisms it may not be too
surprising that hyperthermia also acts sensitizing after high
LET radiation.
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The described mechanism of hyperthermia as a radiosensitizing
agent is apparently different from its cytotoxic action. With res-
pect to the cytotoxicity effects on the cellular membranes are
very important [3,17]. This in concluded from the following
data: The thermosensitivity of cells increases with the content
of unsaturated fatty acids in the membranes and the fluidity
of these structures [17J. The cytogenetic damage, measured as
the micronucleus formation, is comparatively small, when cells
are treated with a cytotoxic dose of hyperthermia alone [18J.
In contrast with the radiosensitization of hyperthermia a strong
increase of chromosomal aberrations [19 ] and micronucleus
formation [18J occurs. The different mechanisms have practical
relevance for the clinical use of hyperthermia in so far as a
strong radiosensitizing effect can be achieved with lower
temperatures ( 40°-43° C ) whereas higher temperatures
( 43°-45° C ) are needed for the cytotoxic action ( Fig. 4 ).

There is no question from clinical practice that tumours can
frequently be heated in an easier way to moderate temperatures
than to higher temperatures over a longer period ( about
1 hour ). However when the radiosensitizing modality is used
it must be recognized that sensitization does take place not
only in the tumour but also in the normal tissue. It is a necessary
aim therefore to achieve a local heating of the tumour which
appears almost impossible with the available technical devices up
to now. In this connection it is of interest that also the
radiosensitization by hyperthermia is apparently higher in cells
with an environment of higher acidity and hpyoxia (sj. More data
are needed for these situations.

Sequence and Interval for the Combined Treatment
An enhancement of the radiation effect by hyperthermia does take
place when the heating is performed not only after irradiation
but also before irradiation [2,3,14j. Therefore the question
must be answered: In which sequence and which interval between
both should hyperthermia and radiation be applied in order to
obtain the optimal therapeutic effect? It is generally agreed
that a maximal TER is obtained when radiation and hyperthermia
is applied simultaneously. A time interval between both agents
reduces the TER and the reduction becomes more pronounced with
increasing intervals.
The radiosensitization by hyperthermia occurs in tumours as well
as in normal tissues. Several authors have demonstrated that
the TER is the same in normal and malignant tissue when the
treatment occurs simultaneously [20,21 j. The radiosensitization
decreases more rapidly in the normal tissue ( mouse skin )
and is lost when heating is applied four hours after irradiation.
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At this time a TER of about 1.5 is still observed in a trans-
plantable C.,H mammary carcinoma ( Fig. ^ ). Overgaard [21 ]
interprets this later persisting effect not as thermal radio-
sensitization but as increased cell killing of hypoxic cells
by hyperthermia. Such data would suggest that an interval of
about 4 hours between radiation and heating might be preferable..
Recovery processes from heat damage apparently are more rapid
in normal tissues than in tumours.

From these experimental data it would seem unlikely that a
simultaneous treatment would result in an improvement of the
therapeutic effect if the surrounding normal tissue and the
tumour are heated to the same degree. Such an effect can only
be expected if a selective heating of the tumour can be
established. As it has been pointed out such a situation can
be achieved not only by selective energy input but also by changes
of the blood flow with its microcirculation. From the experimental
data it can be concluded that heating before irradiation has no
advantage. If hyperthermia leads to a breakdown of microcirculation
especially in the tumour the increase of hypoxic cells might even
be a disadvantage for a following radiation exposure.

The data and considerations clearly show the complexity of the
situation which is influenced by technical, cell biological and
physiological factors. Further data are needed and probably no
decision can be made, which holds generally for tumours.

Fractionated Treatment
It has been mentioned already that a hyperthermic treatment
with moderate temperatures can lead to conditions under which
a further continuation of heating is ineffective on cell killing.
The inhibition of cell growth is the same whether the cell are
heated for 3 or for 6 hours at 42° C ( Fig. 5 ). The cells develop
"thermotolerance" [22j. A second type of thermotolerance is
observed after fractionated heating, where tissues develop
"thermotolerance" between heat fractions. The cells have
recovered or become more thermoresistent when a thermal treat-
ment preceded [23 ]. A heating of melanoma cells at a temperature
of 44° C for 3 hours has a tremendous cytotoxic effect, while
thermal treatment at 44° C three times for only one hour with
an interval of 24 hours between the fractions has no effect
at all on the cell proliferation when the DNA-content and cell
number of the cell cultures are measured ( Fig. 8 ).

The first type of "thermotolerance" is apparently not
influenced by irradiation. The dose effect curve of heating
with a preceding irradiation runs parallel to the curve with
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irradiation ( Fig. 5 ). However with the fractionated treatment
the results are quite different. Under these conditions a
one hour heating at 44° C,which follows each radiation
fraction, has pronounced radiosensitizing effect ( Fig. 8 and
9 ). The interval between the treatments ( X-rays plus 1 hours
heating at 44° C ) has been 24 hours.
These data may be important for the clinical use of hyper-
thermia. If a thermal treatment is used as a cytotoxic agent
either by heating alone or with such an interval that interaction
with radiation does not occur, the development of thermotolerance
must be taken into account. Under these conditions the interval
between the thermal fractions should be 3-4 days. On the other
hand if hyperthermia is used as a radiosensitizing agent, the
development of thermotolerance is apparently of little or no
significance. Such considerations are especially important for
the application of moderate temperatures. These data again
correlate with the different mechanisms of hyperthermia as a
cytotoxic or radiosensitizing tool.

Conclusions
Some aspects of the action of hyperthermia on mammalian cells
have been briefly reviewed and elucidated with some examples
from our own investigations. The vast amount of results in the
literature shows that thermal treatment is a potent tool for
cell killing either alone or in combination with ionizing
radiation. The action of hyperthermia is influenced by a number
of physiological and biochemical factors.

These factors and the possible development of thermotolerance
have to be considered in order to develop a treatment schedule
which can be used in the clinical therapy of cancer. Several
biological phenomena make hyperthermia a promising tool to
improve cancer therapy.
The technical equipment has to be improved in order to achieve
a more selective energy deposition and a better temperature
measurement in the tumour. It can be expected that such
improved equipment can be purchased for a comparatively cheap
price and can be handled in a comparatively easy way, as it is
the case with the present devices.
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FIG. 1 Growth curves of a human melanoma cell line after heat
treatment at 24 hours. DNA content per culture is
plotted against the incubation time.
x——x controls; o——o 3 h, 40° C; t——• 3 h, 42° C;
A——A 3 h, 44° C.

FIG. 2 DNA-synthesis rate in human melanoma cells after
4.0 Gy X-rays combined with 42° C for 3 hours. The
arrows indicate the time of treatment. X-rays alone
had no effect ( not shown ).
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FIG. 5 DMA content per culture ( melanoma cells ) as an equiva-
lent for the cell number 144 hours after treatment with
hyperthermia at 42° C for 1-6 hours x——x and in
combination with 4.0 Gy X-rays o——o.

FIG. 6 Survival curves of human melanoma cells after X-irra-
diation o——o and X-irradiation plus heat ( 3 hours,
42° C )
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FIG. 7 Thermal enhancement ratio ( TER ) for a tumour and
the skin of mice as a function of interval between
radiation and heat treatment. Overgaard [21 ].

FIG. 8 Growth curves of a human melanoma cell line after
fractionated and single heat treatment, x——x controls;
o——o 1 x 3 h, 44° C; •——• 3x1 h, 44° C. Arrows
indicate the time of treatment.
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Session VIIIB

CLINICAL STUDIES ON HYPERTHERMIA

PROSPECTS IN CLINICAL HYPERTHERMIA

H.I. BICKER
Henry Ford Hospital,
Detroit, Michigan, United States of America

ABSTRACT

A large number of patients have now been entered
into a phase I/II protocol to examine the effects of
fractionated hyperthermia and radiation on tumor re-
sponse. Included in the study were 11 different histol-
ogies with anatomical locations varying between periph-
eral and superficial metastases to deep seated, solid
tumors.

Patients were treated with four fractions of micro-
wave induced hyperthermia (45.0 T 0.5°C) each separated
by intervals of 72 hours. Treatments were 1-1/2 hours
in duration to a volume encompassing the tumor. Micro-
waves at frequencies of 915 MHz or 300 MHz were em-
ployed. Patients were given a one week rest following
the first 4 treatments, following which a second series
of 4 fractions were administered again at 72 hour inter-
vals. Each of these fractions consisted of a 400 rad
dose of radiation followed within 20 minutes by hyper-
thermia (42.5 ± 0.50C) for 1-1/2 hours.

To date 121 fields have been treated in 82 patients.
New technology allows for the treatment of deep seated
tumors in the neck, chest and pelvis. Follow-up times
range from 2 to 19 months. Total regression is seen in
657o of all cases, partial regression in 35% and no re-
sponse is seen in only 570 of treatments. Six local andfour marginal recurrences have been observed. Adverse
effects were rare.

Based upon our results (above) and those of other
investigators, several modifications have been made in
the above protocol. Site specific trials are currently
in progress to study both the feasibility of deep
seated heating with intracavitary antennas as well as
to assess tumor response. In addition, a randomized
trial to examine the clinical relevance of thermo-
tolerance has been started.

Introduction:
The use of hyperthermia as a clinical modality has

taken great strides in the past few years as more inves-
tigators realized the importance of complete temperature
and treatment documentation.
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Recent studies [1-7] involving a combination of
hyperthermia and x-irradiation have made a serious effort
to measure and document the hyperthermia treatments more
accurately. In most cases a comparison with radiation
alone controls is made. Kirn et al [5] have treated 50
patients with a variety of cutaneous tumors.

Hornback et al [3] treated 72 patients with advanced
cancer using the combined therapy. Of the patients
treated with hyperthermia prior to radiation therapy, 537>
experienced complete remission of symptoms while in the
group of patients treated with heat following radiotherapy,
927, showed complete remission. Again there was no set pro-
tocol and the radiation doses varied from 500 to 600 rad
per day with total doses from 3000 to 6500 rads.

Manning et al [6] reported a very limited study com-
bining localized heat and radiation. The response rate
for heat-radiation combination was 80-907, compared with
507o response rate for heat alone and radiation alone
groups. The author suggests a beneficial therapeutic ratio
and minimal side effects from the combined treatments.

Another interesting study was reported by Arcangeli
et al [1], in 15 patients with multiple neck node metas-
tases from head and neck treated with either radiation
alone or in combination with hyperthermia. A total of 33
neck nodes were treated, 12 with radiation alone and the
rest with the combination.

The radiation schedule resulted in 4670 complete re-sponses which was enhanced to 85% complete responses
when combined with hyperthermia.

In a preliminary publication [2] we reported an ef-
fective fractionation regime using 45°C regional hyper-
thermia combined with low dose (1600 rads) x-irradiation,
yielding an overall total response rate of 657,. These re-
sults are now expanded to include an enlarged series as
well as introducing an intracavitary device for the treat-
ment of deep seated tumors.

The above mentioned clinical studies are both inter-
esting and encouraging. In addition, recent physiologi-
cal evidence shows a differential "breaking point" in
blood flow in tumors as compared to normal tissues which
results in dramatic shifts in intratumor pH [8]. These
observations may, in part, explain the results of the
clinical trial we are reporting here.
Methods:

The exact protocol followed has been reported in de-
tail elsewhere [2] (also RTOG protocol #78-06A). Briefly,
treatment consisted of 4 fractions of hyperthermia alone
followed after a one week rest by 4 additional fractions
of hyperthermia this time immediately following radiation.
All treatments were separated by 72 hours following a
Monday-Thursday or Tuesday-Friday pattern. Each hyper-
thermia treatment was for 1-1/2 hours at the prescribed
temperature (45°C alone; 42oc with radiation) and each
radiation dose was 400 rad. Therefore, treatment consist-
ed of a total of 8 hyperthermia treatments and 1600 rad
over a total period of 5 weeks.
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Complete thermometry was performed during every pa-
tient treatment employing microthermocouples (lOOp). The
microthermocouples were implanted in the tumor (whenever
possible) and in surrounding or overlying normal tissues.
Throughout treatment, temperature readings were taken at
5 minute intervals under "power-off" conditions to elimi-
nate any possible interference artifacts.

Heating was accomplished using either 915 or 300 MHz
microwaves delivered with partially dielectric loaded
external beam applicators or intracavitary antennas. In
all cases air cooling was applied either to the skin
(external applicators) or to the jacket of the antenna
to minimize normal tissue heating (and hence damage).
With the variety of heating equipment available we have
been able to heat uniformly externally up to 7cm in
depth as well as internally heating the head and neck,
mediastinum and pelvis.
Results:

At this time 178 patients have been treated at our
clinic with a multimodality regime involving hyper-
thermia administered in multifraction fashion (8 hyper-
thermia treatments per field). Since many of these pa-
tients had multiple tumors, at least 250 tumors have
been treated (over 2,000 treatment sessions). Not all
of them fitted all criteria for inclusion in the specific
protocol, but among evaluable results the following can
can be cited:

121 fields (tumors were treated according to our 8
fraction protocol with 1600 rads in 4 fractions.)
The final results show almost no toxicity, and a
rate of u5% of total responses and 30% partial
response.

Further analysis of this series is shown in Tables I-VII.
Table I shows a summary of all the patients treated

which completed the entire protocol and were followed up
at least two months. Table II provides a breakdown of
the summarized data by histology. From this table it is
clear that every histological type treated does respond
to this therapy.

Table III reports the results of our toxicity study
employing the intracavitary microwave antenna system.
Following 212 treatment sessions of 1-1/2 hours each,
the only observed toxicity was one central pneumonitis.

Since response is only evaluated after 2 months at this
time, only 14 patients are evaluable (Table IV). Even
in these patients with deep seated tumors (mediastinum,
pelvis), only 14% failed to respond.

Tables V-VII evaluate response to the combined mo-
dality in different anatomical locations. In head and
neck recurrences, breast and chest wall, and skin tumors
only a small percentage (9%, 10% and 3% respectively)
failed to respond to combined hyperthermia and radiation
while total responses varied from 46% to 76% yielding
our reported average of 65.5%, (Table I).
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Discussion:
As seen in the detailed response breakdown shown

in Table II, the hyperthermia-radiation fractionation
regime chosen seems to be at least partially success-
ful in a wide variety of tumors. Detailed examination
of the data shows essetially no treatment toxicity
with the antenna applicators (Table III) since 212 ses-
sions (318 hours) of treatment resulted in only one case
of minimal toxicity. During these treatments (Table IV)
tumor response was seen in all but 2 cases. Site spe-
cific analysis (Tables V-VII) also shows the relative
effectiveness of this therapy regardless of anatomical
location.

The fractionation regime employed in this study
(regional hyperthermia plus low dose radiation) should
be compared with those employed in other reported
clinical trials. The study reported here as well as the
results of other investigators tend to indicate the rela-
tive effectiveness and lack of overall adverse effects
from combined hyperthermia and radiation.Further pro-
spective, site specific trials are planned or in progress
to further evaluate the safety and effectiveness of
fractionated hyperthermia and radiation. In addition,
the patients already treated will continue to be followed
at 2 month intervals.

TABLE I
SUMMARY OF RESULTS

121 Fields Treated:
Total Response
Partial Response
No Response

(82 Patients)
79 (65.5%)
36 (29.7%)
6 ( 5.0%)

Recurrence:
Local
Marginal

5
3

Complications:
Skin Burns
Tongue and Pharynx
Burns
Grand Seizure:

2 (Completely Healed)
2 (Completely Healed)

1 (Neck Treatment)
(Epileptic Patient)
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TABLE II
RESULTS BY HISTOLOGY

Histology
Malignant Melanoma

Malignant Lymphoma
Squamous Cell Carcinoma

Adenocarcinoma

Other (Transitional Cell,
Basal Cell, Glioma, Sarcoma)
SUMMARY

No. of
Fields
19

25

60

121

Response
Follow-Up
(Months)

9 Total 2 -14
7 Partial
3 No Response
8 Total 2 - 9

2 - 89 Total
15 Partial
1 No Response

48 Total 2-9
10 Partial
2 No Response
5 Total 2 - 1 1

79 TOTAL 2-14
36 PARTIAL
6 NO RESPONSE

Total Response: No Tumor at 2 Months Follow-Up and Thereafter
Partial Response: Tumor Decreased in Size to Half or Less at

2 Months Follow-Up

TABLE III
RESULTS-INTRACAVITARY ANTENNA-TOXICITY

10 Complete (Less Than) 2 Month Follow Up 10 AT Each 100
14 Complete (At Least) 2 Month Follow Up 8 AT Each 112

TOTAL
SESSIONS 212

Toxicity - 1 Central Pneumonitis
AT = Hyperthermia Treatment of Hours

TABLE IV
RESULTS-INTRACAVITARY ANTENNA-RESPONSE

14 Patients - Complete - Alive At 2 Months

£> Hyperthermia Treatments
1600 Rads - 2 Weeks - 4 Fractions

TR 6_ !_ Local Recurrence
PR 6
NR 2
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TABLE V
RESULTS-HEAD AND NECK PATIENTS

Neck Recurrences
Total Total Partial No
Patients Response Response Response Recurrence

22 10 10 2 1

TABLE VI
BREAST AND CHEST WALL

Total No. Total Partial No No. of
of Fields Response Response Response Incompletes

29 19 7 3 3

TABLE VII
SKIN TUMORS

Total No. Total Partial No
of Fields Response Response Response

33 25 7 1
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HYPERTHERMIA COMBINED WITH RADIATION IN THE TREATMENT OF CANCER

M. HIRAOKA, M. ABE
Department of Radiology,
Faculty of Medicine,
Kyoto University,
Kyoto, Japan

ABSTRACT

Localized hyperthermia with or without radiation
was applied to selected patients with radioresistant
tumors such as malignant melanoma, fibrosarcoma,
locally advanced bulky tumors and tumors recurred
after a full course of radiotherapy. Hyperthermia
was admimistered by microwave (2,450 MHz) or radio-
frequency (13.56 MHz) according to the size and
the location of tumors. Eight patients were treated
by RF hyperthermia alone (41-46°C for 30-60 minutes),
and two patients experienced partial response,
while remaining patients did not respond. Hyperthermia
in combination with radiation was delivered to
thirty-four patients with 37 lesions. Twenty-two
lesions were treated with a microwave device and
the remaining 15 were heated with a RF device. In
most lesions, intratumor temperatures of 43°C for
30 minutes were administered twice weekly immediately
after radiation. Of twenty-two lesions treated with
microwave, 11 (50%) showed complete response, 7 (32%)
partial response and 4 (18%) no response. As regards
fifteen lesions treated with RF, 7 (47%) showed
complete response and the remaining 8 (53%) partial
response. Ten lesions which had received a full
course of radiotherapy to the treatment site showed
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a high response rate by hyperthermia in combination
with radiation. Complication observed was cutaneous
burn and was seen in 7 out of the 45 treatment sites.

The results of our pilot study suggest that
localized hyperthermia in combination with radiation
is an effective and safe modality for the treatment
of radioresistant tumors.

INTRODUCTION

Recent biological investigations that hyper-
thermia alone or in combination with radiation reveals
remarkable effects on tumors have caused a renewed
interest in hyperthermia as a clinical modality for
treating human cancers. '

Various methods of inducing local hyperthermia
in patients have been developed including regional

3 4 c
perfusion , fluid immersion or irrigation , ultrasound"
and non-ionizing electromagnetic radiation such as
radiofrequency(RF) ' ' and microwave radiation '
Each of these modalities has inherent disadvantages
and therefore the clinical use of hyperthermia has
not been widely applied. This report deals with
preliminary clinical results of local hyperthermia
induced by microwave and RF radiation in our hospital.

MATERIALS AND METHODS

•^Heating methods>
Heat was delivered with 2,450 MHz microwave and

13.56 MHz RF.
1. A microwave heating device
In microwave heating, two types of applicators

were employed. One was external horn-type applicators
suitable for the treatment of superficial tumors.
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In addition to the commercially available horn-type
applicators, a specially designed contact type
applicator with a surface cooling device has been
developed and employed. Another type used was internal
coaxial applicators which are flexible and small in
diameter (3 mm, 8 mm). Using these applicators, hyper-
thermia can be induced in tumors located within or in
the vicinity of body cavities such as oral cavity,
esophagus and vagina.

2. A RF heating device
To raise the temperatures in middle and deep

seated tumors, a RF resistive heating device has been
developed which has an output excess of 600 W oper-
ating at a frequency of 13.56 MHz. FIG 1 shows the
RF device of our design. The RF energy is transmitted
from the generator via two coaxial cables to two disk
electrodes of varying sizes. The body is heated
resistively by the current generated by parallel
opposing electrodes. Within the electrodes cooled
water was perfused to avoid excessive heating of
skin and subcutaneous fat. Coupling of the electrodes
to the skin was well performed using a water pad
containing salt solution. Various sizes of electrodes
ranging from 4 to 30 cm in diameter were prepared
and selection of electrodes was made according to
the size and location of the lesion.

^Temperature measurements^
For most patients, tumor temperatures were only

monitored in one location in the tumor (usually the
center). In the case of microwave heating, temperatures
were continuously measured during treatments with
thermocouples or thermistors embedded in 29-gauge
needles and electric thermometers (Bailey Instruments

165



Inc. Model BA-8) which were shielded with copper
meshes. However in the case of RF current heating,
continuous measurement was impossible because of the
interference of electromagnetic field. Therefore
temperatures were measured during brief periods of
wave cessation using a teflon coated thin thermo-
couple (Bailey Instruments Inc. Type IT-18).
<Patient selection^

Criteria for selection were as follows:
(1) Radioresistant tumors such as malignant melanoma,
Fibrosarcoma, locally advanced bulky tumors and
tumors recurred after a full course of radiotherapy.
(2) Tumors which enable to measure the intratumor
temperature. (3) Tumors which enable to assess the
response objectively.
<Assessment of tumor response>

Tumor response was graded as complete or partial.

Partial response signifies more than 50% decrease in
tumor volume, and no response signifies less than
50% decrease.

RESULTS

<Temperature distribution>
1. Temperature distribution by microwave heating
Thermometry in agar phantoms was performed with

the use of thermography unit (Thermoviewer JTG-MD).
FIG. 2 shows the isothermal distribution in the central
plane of an agar phantom after heating with an ex-
ternal horn type applicator 18 cm in diameter with
surface cooling. The effective thermal range was
less than 3 cm in depth and 6 cm in diameter.

2. Temperature distribution by RF heating
FIG. 3a shows the thermogram taken after heating

with the electrodes of the same size placed at the
top and bottom of the phantom. Homogenous thermal
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distributions were obtained in the central region of
the phantom. However when the different sizes of
the electrodes were placed at the top and bottom,
a high thermal region was shifted to the side of the
smaller electrode (FIG. 3b). The influence of
heterogenous tissues such as fat and bone on the
thermal distribution was also investigated. FIG. 3c
demonstrates the thermogram taken after heating the
phantom containing fat. Hot spot was observed in
a fat layer. From these experiments it was demon-
strated that a high thermal region suitable for a
tumor site can be obtained by changing the size of
the electrodes and that temperatures in the tumor
surrounded by a thick fat can hardly be raised by
this device.
Clinical results

Since September 1978, forty-two patients with
45 lesions have been alloted to our clinical study.

1. Hyperthermia alone
Initial clinical trials with RF hyperthermia

alone were performed to 8 patients who had developed
recurrence after a full course of radiotherapy. All
patients had locally advanced bulky tumors ranging
from 8 to 18 cm in diameter. Intratumor temperatures
of 41-46°C for 30-60 minutes were delivered twice
weekly and a total number of treatments ranged from
3 to 10. Of the eight patients treated, 2 showed
partial response (metastatic tumors from urinary
bladder cancer and the unknown origin tumor).
The remaining 6 patients experienced no response.
(TABLE I) Three patients developed reversible
cutaneous burn as a result of inadequate fixations
of electrodes.

2. Microwave hyperthermia combined with radiation
Twenty-two lesions were treated with microwave
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hyperthermia plus radiation. Most of the lesions
treated were located in the subcutaneous tissues.
Three out of the 22 lesions were treated by daily
hyperthermia (42-43°C for 15 minutes) before as well
as after irradiation. The remaining nineteen lesions
were heated 1-3 times (mostly 2 times) per week and
intratumor temperatures were maintained 41-43.5°C
for 20-30 minutes (mostly 43°C for 30 minutes)per
session. Radiotherapy was made mainly twice weekly
with 4 Gy per session immediately before hyperthermia.
Total radiation doses varied from 12 to 70 Gy according
to the condition of the lesions.

Tumor responses following hyperthermia plus
radiation was shown in TABLE II. Of twenty-two
lesions treated, 11 (50%) showed complete response,
7 (37%) partial response and 4 (18%) no response.
Complication observed was cutaneous burn and was seen
in three treatment sites. The burn was not severe and
healed completely within 2 weeks after completion of
thermoradiotherapy.

3. RF hyperthermia combined with radiation
Fifteen lesions were treated by a RF device.

Various types of tumors including head and neck
tumors, metastatic tumors in the chest and abdominal
walls and carcinomas of the breast and the lung were
treated. Intratumor temperatures of 41-44°C (mostly
43°C) were administered for 30 minutes twice weekly.
Radiotherapy was given twice weekly with 4 Gy per
session immediately before hyperthermia. Most lesions
without previous radiotherapy received cummulative
doses of 40-50 Gy, while those with previous
radiotherapy received less than 40 Gy.

TABLE III shows the tumor responses following
hyperthermia plus radiation. Of fifteen lesions
treated, 7 (47%) showed complete response and the
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remaining 8 (53%) partial response. As regards
complications biochemical and hematological data
revealed no significant abnormality. No systemic
symptoms except for sweating and general malaise
were observed in any patient. One patient experienced
cutaneous burn as a result of inadequate fixation of
electrodes. The burn healed completely within 2 weeks
after the completion of thermotherapy.

4. Effects of hyperthermia on tumors according
to treatment modalities and histology

Ten out of 37 lesions with combined radiotherapy
had received a full course of radiotherapy (over 54
Gy) to the treatment site. The effect of hyperthermia
on tumors recurred after radiotherapy was shown in
TABLE IV. Interesting was a finding that no significant
difference in heat response was observed in tumors
which had received radiotherapy previously or not.

In nine patients with multiple lesions, local
responses of radiation with or without hyperthermia
were compared. In six patients combined radio-
thermotherapy revealed better tumor response than
radiation alone, while the remaining 3 patients
demonstrated no significant difference.

Judging from the tumor responses according to
the histology, it seems that squamous cell carcinoma
was more heat resistant than adenocarcinoma. In four
patients of malignant melanoma, one experienced
complete response, 2 partial response and one no
response.(TABLE V)

DISCUSSION

While some beneficial effects of hyperthermia
alone on radioresistant tumors have been reported ' ' ,
no remarkable effects could be obtained by thermotherapy
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without radiation in our studies. The main reason
is that in an early phase of thermotherapy the heat
device was not sufficiently developed in such a way
as the tumor is homogenously heated in the desired
temperature range.

Encouraging results have been obtained by
thermoradiotherapy not only in patients with fresh
tumors but in those with tumors which recurred after
a full course of radiotherapy. However, the number
of patients treated by hyperthermia is insufficient
and the follow-up period too short for a definite
evaluation to be made. Problems encountered in
thermotherapy include the further technical develop-
ment of means of achieving hyperthermia regionally
and homogenously and the improvement of a method
for an accurate temperature measurement in the tumor.
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TABLE I. Local tumor responses following RF hyperthermia
alone

Treatment site Primary site Histology Tumor response
PR NR

Neck

Chest wall

Submandibular
gland

Urinary bladder
Unknown
Larynx
Breast
Breast

Unknown
Submandibular
gland

*S.C.C.
Undif ferentiated Ca.
S.C.C.
Adenocarcinoma
Fibrosarcoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

1
1
0
0
0
0
0
0

0
0
1
1
1
1
1
1

Total
* S.C.C. : Sguamous cell carcinoma.

2(25%)6(75%)

TABLE II. Local tumor responses following microwave hyperthermia
plus radiation

Treatment site Primary site Histology No. of Tumor response
treatment site CR PR NR

Neck

Chest wall

Back
Scalp
Cheek
Breast
Soft palate
Lip

Head and neck
Skin

Unknown
Breast
Ovary
Breast
Skin
Skin
Skin
Maxillary sinus
Breast
Soft palate
Lip

S.C.C.

Myoblastoma
Malignant melanoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Malignant melanoma
Myoblastoma
S.C.C.
S.C.C.

Adenocarcinoma
Malignant melanoma
S.C.C.

8
1
1
1
1
1
1
1
1
1
1
1
1
1

3
1
0
1
1
0
2
0
1
0
1
1
0
0

3
0
0
0
0
1
0
1
0
1
0
0
1
0

2
0
1
0
0
0
0
0
0
0
0
0
0
1

Total
* S.C.C. : Sguamous cell carcinoma.

22 11 7 4
(50%)(32%)(18%)
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TABLE III. Local tumor responses following RF hyperthermia
plus radiation

Treatment site Primary site Histology No. of Tumor response
treatment site CR PR NR

Neck

Chest wall

Abdominal wall
Pharynx
Tongue
Buccal mucosa
Breast
Lung

Total

Head and neck

Unknown
Skin
Pleura
Lung
Bone marrow
Stomach
Pharynx
Tongue
Buccal mucosa

*s.c.c.
Adenocarcinoma
Adenocarcinoma
Malignant melanoma
Fibrosarcoma
Adenocarcinoma
Myeloma
Adenocarcinoma
S.C.C.
S.C.C.
S.C.C.
Adenocarcinoma
Giant cell carcinoma

2
1
1
1
1
1
1
2
1
1
1
1
1

15

0
1
1
1
1
0
1
0
1
0
0
1
0

7
(47%)

2
0
0
0
0
1
0
2
0
1
1
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0

8 0
(53%)

* S.C.C. : Squamous cell carcinoma.

TABLE IV. Response of lesions with and without pre-
vious irradiation following hyperthermia plus radiation.

Previous No. of Rate of Incidence of
irradiation lesions CR (%) Cutaneous burn (%)

(-) 27 12 (44) 3 (11)

{+) 10 6 (60) 1 (10)

Total 37 18 (49) 4 (11)
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TABLE V.

Histology

Local tumor responses following hyperthermia plus
radiation according to histology

No. of
treatment site

Tumor response
CR (%) PR (%) NR (%)

Squamous cell
carcinoma
Adenocarcinoma
Malignant melanoma
Myoblastoma
Fibrosarcoma
Myeloma
Giant cell
carcinoma

16 5 (31) 8 (50) 3 (19)

12

4

2

1

1

1

8 ( 6 7 )

1 (25 )

2

1

1

0

4 (33)

2 (50)

0

0

0

1

0

1

0

0

0

0

(25)
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FIG. 1 A 13.56 MHz RF device of our design

FIG. 2 Thermogram after heating with a microwave
device. The distance between the white
triangles is 10 cm.

175



13 cm 4>

13 cm

Agar

13 cm

24 cm

13 cm <(>

-)

*-•

1 1
Agar —— )

Fat —— }

Agar —— 7

b

__,!,. ,. 1

1 1
13 cm

FIG. 3 Thermogram after heating with a RF device



SPECIAL LECTURES

THE PRESENT STATUS AND FUTURE DEVELOPMENT OF RADIOTHERAPY IN CHINA

H.-X. WU
Cancer Research Institute,
Chinese Academy of Medical Sciences,
Peking, China

Abstract

The present status and future prospects of radiotherapy in China
were reported. Up to date, only a few hospitals have been engaged in
radiotherapy treatment, and their activity was very little, because
the cancer incidence was very low compared with infectious diseases and
the treatment was mostly limited to the surgical side and radiotherapy
had a minor role. Now, with the improvement of living and nutritional
conditions and due to better health care and medical service, the general
mortality rate has markedly decreased and the life expectancy has
increased; subsequently malignant diseases have become of greater
importance. At present, mortality due to cancer, stands second on the
list of causes of death for men and third for women. An increasing
number of cancer patients is reflected in the greater demand of radio-
therapeutic services. However, well-equipped hospitals are only located
in a few large cities and orthovoltage machines are still being manufactured.
Therefore, modernized cancer hospitals and research institutes are being
established in the various provinces and large cities. The training plan
for qualified medical, physical and technical persons involved in radio-
therapy is also of importance as well as the supply of radiation equipment.

Concerning the status of clinical work in radiotherapy, there is a
trend to use combination therapy of surgery, radiation and chemotherapy
in the cancer hospitals. 60-65% of all cancer patients at the Cancer
Research Institute in Peking are treated by radiation therapy in combination
with surgery or chemotherapy. Intra-operative irradiation has been
adopted in the management of intra abdominal malignancies, and pre-operative
irradiation treatment has given especially good results in cervix and
nasopharynx cancer. The combination treatment of radiation and hyperthermia
is now being investigated. Furthermore, clinical trials on the use of
fast neutrons in cancer in the relatively advanced stage is being considered.
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First, I think that it is necessary for me to make some remarks
on the broad relationship between radiotherapy as a medical dis-
cipline and malignant diseases as a national health problem. In
China, this relationship is the background on which radiotherapy
has developed, and will also influence the future development.
After this, I shall then describe the actual development of radio-
therapy in China in relation to the main periods of its recent
history. We all know that the practice of radiotherapy is very
closely linked to the problem of management of cancer patients.
Amongst the medical profession, and even to a great many non-medical
people, the word "radiotherapy" is identified with malignant dis-
ease. When a. patient is given a course of radiation treatment,
it is presumed that the disease has been confirmed as cancer. In
China, as in other countries, the development of the practice and
research on radiotherapy has followed a course, parallel to the
actual needs of providing care and treatment to the cancer patients.

Since radiotherapy is one treatment modality of cancer, the
question may be asked to what extent, or in what proportion do all
the cancer cases admitted for treatment, will need a course of
radiotherapy, either as a primary indication, or in combination
with surgery, chemotherapy or hormonotherapy. The answer to this
question depends a great deal on the distribution pattern of the
cancer sites and specially on the clinical stage of the disease
as presented by the patients under consideration. In other words,
it depends on whether the disease has progressed or not beyond the
limits of effective surgical excision or whether the disease has
metastasized to too many areas so as to preclude effective control
by radiation.

The Medical Research Council of Great Britain assumes that
approximately 1/2 of the cancer patients had had, in the course
of their disease, some form of radiotherapy. A WHO publication
gives the following estimates: 1/3 of all cancer patients would
need radiotherapy, 1/2 would need surgery and 1/10, some form of
chemotherapy or hormonotherapy, while the remaining, less than 1/10,
would be too far advanced for any form of anti-tumor therapy. These
statistics may be valid in general for the industrialised countries.

They would naturally be different in the case of the develop-
ing countries like in China where cancer patients are more often
diagnosed at a relatively late clinical stage. This is because
the cancer control services are less developed and less extensive.
There are also other factors in the gackground, such as the lack
of a programme of cancer education for the lay public and also in
medical schools for undergraduates and post-graduates, resulting
in a less alertness to cancer's early signs and symptoms.

We have tried to find out the relative proportion of our cancer
patients who had some form of radiotherapy in the course of their
disease. We believe that an average of 60 % — 65 % of all the
cancer patients in our cancer hospitals would have received radio-
therapy either as primary indication or in combination to surgery
or chemotherapy, or simply for palliation. In our hospital, in
Peking, the patient load in the radiotherapy department is so heavy
that there is a waiting list, even for those who are diagnosed in
the clinical stage, with good prospects of curability by primary
radiotherapy.

Since a higher proportion of late cancer cases are diagnosed
in the developing countries, this will mean that there is a heavier
patient load for the radiotherapy departments. This is unfortunate
because in developing countries, there are greater difficulties
to get adquate number of radiotherapy machines, be it Co60 units
or accelerators, due to difficulties in obtaining hard currency.

After describing this relation between the practics of radio-
therapy and the problem of malignant diseases, I wish to sum up
the situation, by quoting a passage in one WHO Report: "Radiotherapy
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is a necessity and not a luxury for developing countries, whenever
a cancer control programme is envisaged." May be, we should add
that in the industrialised countries, radiotherapy is also a "must"
or a necessity, in any hospital having responsibility in management
of cancer patients.

The development of radiotherapy in China can best be described
under three headings, according to the main periods in our recent
history.

1) The status of radiotherapy in China in the years before
the establishment of the present Government in 1949- It was
definitely a status of low level in terms of equipment and also
in terms of scientific level. It is no exageration to say that
in the years 1949 and 1950, you could count on your fingers the
total number of X ray therapy machines in actual working order and
the total number of radiotherapy departments in the country. For
the whole of China there was only one cancer hospital located in
Shanghai where in fact, was concentrated a large part of the exist-
ing radiotherapy equipment.

Nearly half of the country's total quantity of 2 grams of
radium as available in tubes and needles was also in that same
cancer hospital called the Radium Institute. Apart the medical
staff at that Shanghai Radium Institute, and a few other radi-
ologists in Peking, there was no other radiologist in all of China
who was willing to take up radiotherapy as a career, or had had
training in radiation physics and radiobiology, essential to the
practice of radiotherapy. Also one could count on the fingers of
one hand, the number of radiation dosemeters available, and the
total number of physicists attached to radiotherapy department.

Radiotherapy was mostly in the hands of roentgendiagnosticians
who were then in a way, better qualified than their surgical col-
leagues, for prescribing and carrying out a course of radiotherapy,
because they have at least the notions of kilovoltage for tissue
penetration, milliampers current for beam output and the roentgen
unit to specify dosage! At that time, it was not unusual to find
a gurgeon prescribing so much erythema dose for his inoperable
patient or the post-operative recurrences.

Concerning the intracavitary irradiation technique for cancer
cervix cases, it was mostly carried out by the staff of the Gyn-
Obs department. In the late 1940's, I had known a Shanghai gyne-
cologist, a good surgeon in his own field, who was regularly treat-
ing his cervix cases judged inoperable, by inserting and packing
inside the vagina, radium tubes or needles, wrapped in thin lead
foil! Naturally the dosage given was dutifully reported as so many
milligram hours. Concerning the interstitial irradiation tech-
nique, it was usually the surgeon who would fill a request form
to the radiology department, having custody of the radium, to be
issued the number of needles he thought he would need for his pro-
jected operation.

Such a low status of radiotherapy at the time, could be ex-
plained on the basis of the situation of the cancer problem in those
years. (China had then just gone thru a full twelve-year stretch
of war and of calamities, and the principal causes of morbidity
and mortality for the vast general population were due to infections
and parastitic diseases, malnutrition, lack of medical care, and
poverty.) Cancer mortality was listed well below the 10th place,
on the annual general mortality list of causes. The problem of
cancer treatment was mostly limited to the surgical side and radio-
therapy had a very minor role.

2) The present status of radiotherapy: The status of radio-
therapy began to change soon after the setting up of the Ministry
of Health in early 1950. The main efforts of the new health author-
ities were centered on control and eradication of the infections
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and parasitic diseases, on improvement of living and working condi-
tions, of nutrition, health care and medical servies. The outcone
was a marked decrease in the general mortality rate and an increase
in life expectancy with shift of the population towards the older
age groups. So gradually, malignant diseases began to assume a
greater importance in the health and medical services of the nation.

At the present moment, mortality due to cancer stands second
on the list of causes of death for men and it is third for women.
In Shanghai for example (population 10 million) death due to malig-
nant diseases has been listed as cause number one since 1975- In
Peking it's cause number two. For population of age group of 35
— 54 cancer is first cause of death (21.5 % of all deaths) cardio-
vascular diseases is second (12.8%). For the age group of 55 —
74, cardio vascular mortality is first 17-3 % and cancer is second
16.0 %, (only 1.3 % less as second cause) The increased demand
in treatment due to increasing number of cancer patients will
naturally be reflected by an increased expansion of radiotherapeutic
services in the country. Morever, more cancer hospitals and cancer
research institutes are being established in the various provinces
and in large cities, on the principles as now recommended, to
include departments of surgery, radiotherapy, and chemotherapy and
to adopt the concept of "team approach" or "team work" in the manage-
ment of the cancer patients.

In terms of equipment for radiotherapy, we are still definitely
very short. Many of the hundred over Telecobalt units now in
service in China, are working by 2 or 3 six-hour shifts; the ambu-
latory patients are usually treated during day-time and the in-
patients during night-time.

Accelerators are still few but the project is on hand to start
manufacturing them in cooperation with foreign firms, otherwise
the difficulties of providing the large number of these expensive
machines by importation would be too great.

At the present stage, orthovoltage machines are still being
manufactured and supplied to radiotherapy departments in hospitals
of smaller cities, which cannot afford the costs of a Cobalt unit
and still less an accelerator. One factory has already made plan
to produce short distance Cobalt unit which could replace the
orthovoltage unit for irradiation of lesions of intermediate depths,
such as the metastatic cervical nodes.

It is said that in industrialised countries, the work-horse
equipment in their radiotherapy department is the linear accelerator,
usually of the 10 — 12 MeV evergy. The 20 to 25 MeV energy accele-
rator is considered a special equipment for selected cases.

In China, we consider the Co^ units as the present work-horse
in the larger radiotherapy department, while for the more modest
one, it is still the orthovoltage therapy machine. Those of us
in China who already have the Co^ unit as work-horse machine, would
strive to get the budget for a linear accelerator. Usually the
budget allowed can only acquire a linear accelerator of the 10 —
12 MeV.

Many of our radiotherapists share the opinion of our colleagues
of the industrialised countries on the advantages of using 20 to
25 MeV photon evergy machine for special cases such as those malig-
nancies which are deeply situated in Cat thorax or the pelvis.
The better tumor dose distribution with less integral dose and
better protection of normal tissues and critical organs are some
of the advantages.

The cost of a linear accelerator of the range of 20 — 25 MeV
energy is extremely high. The betatron machine providing the same
energy characteristics is much less costly. So a few hospitals
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in China had acquired betatrons of 25 MeV energy and since 1Q73,
one factory in China has produced already a few units, also of 25
MeV energy. That factory has now improved the construction of thejj
donut with longer life time and hopes to find greater market amongst
the Chinese radiotherapists, considering its much lower costs, no
need of foreign exchange and easier maintenance than the linear
accelerator.

Concerning the status of clinical work in radiotherapy, we
had gone thru the same stages of evolution as experienced by collea-
gues of the industrialised countries. We of the older generation
surely do remember the role assigned to radiotherapy in the manage-
ment of cancer patients up to the 1930's. That was the time when
patients referred for radiation therapy were identified as patients
of hopeless prognosis. Naturally for such cases, a course of radio-
therapy was given more for humanitarain reasons rather than with
the objective of cure or achieving a 5 year survival. Such a situa-
tion did create inevitably feelings of frustration amongst the
career radiotherapists, conscious of the progress in the field of
radiotherapy, such as on radiation sources, radiation biology,
radiation technique and dosimetry!

They, the new generation of Chinese radiotherapists, now known
as radiation oncologists., did not and do not like the idea of their
department being looked upon as the final lap of the cancer pa-
tients's calvary. I once heard the angry remarks of a Chinese radio-
therapist saying: "My department is not the garbage bin for
surgical failures." Maybe this remark was a bit harsh and unfair
to the surgeon referring the terminal case. However, we must say
that such misunderstanding among colleagues working in a cancer
hospital have greatly diminished.

The concept of the "team approach" in treatment planning for
a cancer patient gives opportunities to each treatment modality
to work in cooperation, and each treatment modality can reveal or
prove its own possibilities and also its own limitations in control-
ling the disease.

It is encouraging to note that in the cancer hospitals of the
larger cities in China, there is a trend of combination therapy
in the management of cancer cases. We all know that presently still
a large proportion of the cancer mortality is related to malig-
nancies of the abdminal organs such as stomach, colon, rectum,
pancreas etc, and also of the intrathoracic organs such as lung
and esophagus.

These malignancies have responded poorly to radiotherapy alone
despite all the advances in irradiation technique made possible
by better equipment and better dosimetry planning. Usually also,
these malignancies because of their insiduous onset and evolution,
are diagnosed at a stage when even the best of the surgical tech-
niques do rarely succeed in achieving a clean radical excision of
all the tumor tissues and nodes, macroscopic or microscopic. It
is in such cases where a combination of two or three of the present
treatment modalities, viz: surgery, radiation, chemotherapy, may
be expected to improve the prognosis. Many formulas of combination
had been proposed, viz: combining radiation, or chemotherapy as
a pre and post operative procedure.

Another procedure of irradiation combined with surgery is the
"intra-operative" irradiation which a few hospitals in the larger
cities of China have now adopted in the management of intra ab-
dominal malignancies. Two Peking hospitals have in the last two
years treated over a hundred cases of cancer of stomach. Immedi-
ately after surgical resection in the operating room, the patient
is transferred to the linear accelerator radiation room where 3000
rads of 8 MeV electrons are given in one session, the irradiation
portal covers the lymphatic drainage areas. It is still early to
give conclusions on the comparative survival rates or the percentage
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of recurrences in the regional lymph node areas. However, the
preliminary observation is that no untoward complications are
observed.

Combining radiation, hyperthermia and surgery is now being
investigated at the cancer hospital in Peking for cancer of rectum.
The more common combination radiation plus surgery is the pre-
operative irradiation for cancer of maxillary antrum, cancer of
esophagus, cancer of rectum, and cancer of lung.

Definite improvement in resectability and survival rates (5
and 10 years) for cancer of esophagus are recorded on the basis
of well over 300 cases with pre-operative irradiation and control
group over 700 cases. Primary irradiation, without any combination,
has still its indications in many malignancies. In China, primary
irradiation in cancer cervix and cancer nasopharynx has given
specially very good results.

The Shanghai Cancer Hospital recorded 5 year survival rates
for nasopharynx, as follows. Stage I — II is 80 % over and the
average for all stages I — IV is 50 %. The Peking Cancer Hospital
has probably the world's largest number of cancer of cervix cases
published, with 5 and 10 year survival rates evaluation. Statistics
of results based on 8.056 cases are reported at the XII Interna-
tional Cancer Congress in 1978.

All the 8.056 cases were treated by either one of the 3 irradi-
ation modalities viz: intra-cavitary plus external parametrial
irradiation, intra vaginal X ray plus parametrial irradiation and
external rotation irradiation. Using the modality of treatment
by intra-cavitary plus external parametrial irradiation, 5,699 cases
were treated from 1958 to 1975 in that one hospital alone and the
results of 5 and 10 year survival rates for stage I — IV are given.

To give an idea of the patient load in our gynecological cancer
department, the average admission of cancer cervix cases for treat-
ment is around 400 per year, and yet this number of admission
represents only 30 — 35 % of the number seeking treatments. All
these facts show the inadequacy of radiotherapeutic facilities,
especially for cancer of cervix in China.

This disease has a mortality rate of 14-6/100,000 of the female
population and 18.1 % of all deaths due to cancer in women; cancer
of cervix is second on list of cancer deaths in women, cancer
stomach is first but it is less than 1 % above that for the cervix.
The incidence of the disease must be still quite high despite the
progress made in detection, diagnosis and treatment of this disease.
The high curability rate, as shown in our statistics on over 8,000
cases, mostly in Stages II and III, with over 80 % and 60 % 5 year
survival rate respectively, can be interpreted that tens of thou-
sands more of women with Ca cervix in the developing countries could
be salvaged every year, providing there are enough radiation
facilities to carry out the relatively simple procedure of intra-
cavitary irradiation and external transpelvic parametrial irradia-
tion.

In the field of radiobiology, only a few cancer hospitals have
set up any programme of research. However, in clinical trial to
increase the biological effects of irradiation or as prophylactic
treatment against radiation's systemic reaction, the traditional
Chinese medical practitionners have suggested the use of some herbal
mixtures. The pharmacological properties of each herbal in the
mixture is being investigated. In one clinical trial started in
1974 with a group of over 100 cases of nasopharyngeal carcinoma
treated with irradiation and taking the herbal mixture, it seems
that the 5 year survival rate has significantly improved compared
to a control group treated with radiation alone.

182



Lastly, one rather special aspect of radiotherapy in China,
is connected with the treatment by iradiation alone in such a malig-
nancy as cancer esophagus of stage 0 to stage I i.e. cases which
normally should be correctly treated by surgery alone, giving also
a very high 5 year survival rate. These Ca esophagus cases were
given primary irradiation was due to special circumstances.

Ir> one high risk area for Ca esphagus called the Linxian County
(population 750,000) cancer esophagus is an endemic disease with
a very high incidence of precancerous lesions, Ca in situ and car-
cinomas from stage I to stage IV. Linxian has a mortality rate
of 130/100,000 compared to Japan's 4/100,000. Many of the asympto-
matic early stages detected by mass screening refused to have an
esophagectomy and they chose to take the risk to be treated by
radiation alone. We have now collected 27 such cases and the 5
year survival rate is 75 %• This is a small series and it is not
to be interpreted as recommending radiotherapy as primary treatment
for Ca esophagus; it is reported just to show that irradiation may
one day find its indication in cases where it shold classically
be surgery. One other such example, now well accepted, is the
treatment by radiation alone of localised vocal cord carcinoma,
and in case of failure surgery could still be carried out.

It has not been possible to cover all aspects of the present
status of radiotherapy in China. It has been a rough sketch of
an overall view. Considering the low level of starting point, and
the size of the country and population, much progress has really
been recorded, but still much is lacking and not up to what it
should be, because we are a developing country lacking the necessary
tools, and also we had suffered from the chaos of the last upheaval
known as the "Cultural Revolution".

3) Future prospects of Radiotherapy in China. Radiotherapy,
as a medical discipline in the management of cancer, has now taken
root in our medical services. Under the Chinese Medical Associa-
tion, responsible for academic activities of the medical profession
in China, radiotherapy is recognised as a distinct disciplins in
the two related national societies: Society of Radiology and the
Society of Oncology.

Radiotherapy being given an identity, will be able to organize
meetings and discussions on academic matters, and thus, it will
encourage young medical graduates to join and increase the ranks
of this discipline. We have accepted this fact, that the body of
knowledge required for both the practice of modern roentgen dia-
gnosis and of modern radiotherapy has increased so tremendously
in the last 25 years that it is hard for one person to practice
both disciplines with efficiency and efficacy.

It goes to the credit of late Professor Gosta Forsell of Stock-
holm who, well over 40 years ago, put forward the suggestion of
dividing medical radiology into roentgen diagnosis and radiotherapy.
It has long been pointed out that each of the two above named dis-
ciplines is based on very different theoretical foundations: one
is based on the science of pathomorphology to give the diagnostic
answer for an organic lesion and the other is based on pharmacology
to produce the desired biological effects on the reproductive proper-
ties of the tumor cells.

The past difficulties in the separation of radiotherapy from
diagnostic radiology may be ascribed to some superficial simi-
larities presented by the two disciplines. In the early 40 "s there
was a remark made as a sort of joke, that the high tension trans-
former is the common link of roentgen diagnosis and roentgen therapy!
Naturally, with the advent of the Co60 unit, even this transformer
link has disappeared!

The future development of radiotherapy in China will, in a
large measure be dictated by 2 factors each of which I consider
to be equally important.
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i) Factor in relation to the tools needed in a radiotherapy depart-
ment.

i) Factor in relation to the various qualified categories of per-
sonnel using the tools.
First factor is now being seriously considered by our health

authorities. After establishing factories to produce orthovoltage
therapy machines and Cobalt units, there is now a newly established
linear accelerator factory in Peking. Its production line will
soon be improved thru cooperation with a firm in Western Europe
and plan to start also the production of 20 MeV category linear
electron accelerator.

Despite all these efforts, China's needs of radiotherapy
machines are far from being fulfilled. Some radiotherapists in
China believe in starting also clinical trials on the use of fast
neutrons in selected varieties of cancer of the relatively advanced
stages. However this is just a project on paper which, tho being
favorably considered by our health authorities, yet cannot be put
into effect because of economic limitations for the moment.

Maybe the project can be realised and taking shape quicker
if it could be worked out as a joint project involving the radio-
therapy department of a developed country wishing to have access
to the large number of clinical cases available in China. This
kind of cooperation in other fields of clinical and experimental
medicine is already in existence, there is no reason why such a
cooperation should not be worked out in the field of high L.E.T.
irradiation.

Concerning the relative importance for radiotherapy practice
of the many elaborate tools or equipment which modern engineering
and science have made avilable, I would like to quote the remarks
made by Prof. Henry Kaplan sometime in 1952, remarks which are still
useful to remember. He said: "The time has come when we must face
up squarely to the fact that the mere construction and instralla-
tion of very elaborate equipment such as this, is not going to scare
cancers into submission".

We cannot deny the great and important contribution to the
very marked improvement of results in cancer treatment due to these
elaborate machines. It is only to remaind us that "men" behind
the machines are equally important, if not more. It means that
the plan of training the body of qualified personnel involved,
medical, physical and technical, is as important as the availability
of the elaborate radiotherapy equipment.

The personnel includes the radiotherapist to assess the disease
and prescribe the treatment, the radiation physicist to help plan
the dosage distribution, the technician or so called radiographer
to operate the machine and set up the patient accurately for irradi-
ation. There are many pitfalls in the process of learning and
training for the future radiotherapist. The one more common to
fall into, is for the young radiotherapist to learn only the techni-
que of planning the portals of irradiation, the dosage per session,
the total tumor dose, and fractionation scheme etc., without enough
consideration as to clinical factors, factors of tumor biology in
relation to irradiation response, and the dosimetric factors in
relation to the tissues in the areas irradiated. We had called
these incompletely trained radiotherapist as the "push botton"
radiotherapist, or the "prescription formula collector" radio-
therapist.

Such is a short review of what we plan for the future develop-

ment of Radiotherapy in our country on machines and men! Above
all, we shall be looking forward to learn and to welcome exchange
visits with our colleagues of the developed and developing countries.
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ABSTRACT

Thermal neutrons are absorbed easily by ^B resulting in the
emission ofo<-particles and lithium atoms, which share an energy
of 2.3 MeV, and have a travelling range of 14yum. This is equal
to the diameter of melanoma cells. Therefore if we can selec-
tively accumulate ^B in melanoma cells, we can destroy them
without serious injury to the surrounding tissue. We have syn-
thesized 10B compounds having a selective affinity for melanoma
cells, such as lOBi-chlorpromazine (10Bi-CPZ), "I OB sodium undeca-
hydrododecaborate (10B]2-CPZ), and 'OB-j-p-boronophenylalanine('OB-|-BPA). We irradiated melanoma subcutaneously proliferating
in hamster. The maximum and longest suppress!ve effect has been
obtained by neutron and administration of ̂ B^-CPZ or 10B-]-BPA
before irradiation, compared to neutron alone and to X-ray treat-
ment. The enhanced melanoma killing effect of the l^B-compounds
is also shown by in vitro radiobiological analysis. The DO value
of thermal neutron only is 2.8 x 10^ nvt, I^B-boric acid, 5/ig10B present : 0.9 x 10'2 nvt ; 10Bi2-CPZ, 1.2/iq 10B pre-incuba-
tion : 0.9 x 10'^ nvt ; and 10Bi-BPA, 0.38/jg 10B pre-incubation:
0.9 x 1012 nvt. The chemical assay of melanoma bearing hamsters
revealed a IUB tumor to blood ratio of 11.5 and a tumor to liver
ratio of 15, twenty-eight hours after administration. Pre-clini-
cal experiments on spontaneous melanoma in Duroc pig skin have
shown marked regression and depigmentation after the combined
treatment of 10B]-BPA and irradiation, without obvious side
effects.

THEORY BEHIND OUR METHOD
Thermal neutrons are absorbed easily by the non-radioactive

boron-10 isotope (^ B), and this absorption is known to result in
the emission of ok-particles and lithium atoms sharing between
them an average total kinetic energy of 2.33 MeV, which is trans-
ferred totally to the target tissues [1]. Due to the limitedtravelling range of these charged particles, the primary radia-tion injury is confined within a distance of lO/i from the point
of the neutron activated boron atom. This distance is almost
equal to the diameter of individual melanoma cells [2]. Therefore
if we can selectively accumulate '®B in melanoma cells we can
destroy them without serious injury to the surrounding normal
tissue.

Neutron capture therapy for the treatment of cancer was first
suggested by Locher in 1936. However the real investigative work
on boron neutron capture therapy, which may be divided into three
phases, did not begin until the 1950s.

Until 1962 the classical boron neutron capture therapy of
brain tumor was performed by Sweet and collaborators [3] at
Brookhaven National Laboratory and Massachusetts Institute of
Technology. Their idea was that a high boron concentration ratio
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between tumor and surrounding normal brain may be obtained by the
reduction of the blood/brain barrier at the site of a brain tumor,
such as glioblastoma. They used water soluble boron compounds
without a specific affinity for the tumor, such as sodium penta-
borate and p-carboxyphenylboronic acid. The work was suspended,
and was not resumed until recently, because a high tumor/blood
boron ratio could not be achieved and serious brain damage could
not be prevented, the average survival of the last series of
glioblastoma and medulloblastoma cases was 5.2 months after the
reactor treatment. These results were no better than conven-
tional radiation treatment, either high voltage X-ray or Cobalt-
60 [4].

The second phase was when Hatanaka [4,5] began a clinical
trial of boron neutron capture therapy in 1968, and he has
achieved an encouraging amount of success by using sodium mer-
captoundecahydrododecaborate (NazBizHnSH). This compound gives
a tumor to blood ratio of between 1.5 and 8, as compared with
the ratio of between 0.3 and 0.5 initially obtained by Sweet,
and also has a lower toxicity, an LD5Q for a 1000 mg/kg, than
previously used boron compounds. In his work on recurrent glio-
blastoma he reported an average survival of 26.3 - 6.7 mos,
versus 17.0 t 1.9 mos produced by conventional treatment.

Different from the above neutron capture treatment, since
1972 our idea has been to develop new '°B-compounds which have a
selective affinity for a specific metabolic activity of the tar-
get cancer cells [6,7]. There are not only malignant melanomas
but also many kinds of human cancers, for example thyroid cancer
and squamous cell carcinoma, having cellular functional differen-
tiation synthesizing their specific protein. Cancer cells are
actually highly differentiated and well determined, being incapa-
ble of producing anything but more cancer cells of their own kind,
in contrast to normal cells which have pluri-potentiality [2].
We have been aiming to establish the selective thermal neutron
capture treatment of malignant melanoma as a prototype of suchcancer cells having specific functional differentiation.

The sole is one of the most frequent sites of malignant trans-
formation, and is fortunately one of the least complicated areas
for application of this treatment. Death by fully developed
malignant melanoma often cannot be prevented by present day medi-
cine, since highly invasive and metastatic melanoma is X-ray
resistant and responds rather poorly to chemotherapy.

Malignant melanoma is the highly lethal cancerous growth of
the pigment cells which have the specific function of synthesiz-
ing melano-protein. The utilization of electron microscopic dopareaction of malignant melanoma cells shows their intra-cytoplasmic
sites of melanin synthesizing ability by the deposition of the
newly formed dopa-melanin after the reaction.

As malignant transformation occurs in the pigment cells, they
usually aquire accentuation of specific melanin synthesizing
ability [8], which can be revealed by the tyrosinase reaction of
melanoma just beginning to invade the dermis. Therefore biological
and non-surgical treatment of malignant melanoma could be achieved
by utilizing this specific function.

35s-1abelled chlorpromazine has been shown by Blois [9] to bind
selectively with melanin, presumably by forming a charge transfer
complex as a result of theJC-electron interaction between an
indole nucleus on the surface of a melanin particle and a molecule
of chlorpromazine. The tissue distribution of chlorpromazine is
highly localized in melanin containing melanoma tissue and eyes,
where the concentration is 10 to 20 times that of other tissue.
This concentration can still be seen in the tissues seven daysafter the systemic administration.
SYNTHESIS OF MELANOMA SEEKING 10B COMPOUNDS

Since 1972 we have been working to develop new ^g-compounds
which have a selective affinity for a specific metabolic activityof the target melanoma cells. With this aim in mind we synthe-
sized a molecular hybrid of ^B]-chlorpromazine ('̂ B]-CPZ), and
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later 10B sodium undecahydrododecaborate (10Bi2-CPZ), and 10B
sodium chlorpromazine nonahydrodecaborate ('°Bio-CPZ)s which alsobind selectively with melanin. It can be assumed that thesechemicals behave similarly to the 35$_iabelled chlorpromazine incombining with melanin, and a charge transfer complex is formed
[6,10].We also thought of compounds that would specifically accumu-
late in melanoma cells with non-or-poor melanin content but hav-
ing tyrosinase activity. Thus we synthesized molecular hybrid
compounds of 10(3 and dopa, substrate for melanin, >^B]-p-borono-
phenylalanine (10B-|-BPA) [7,11,15].
THERAPEUTIC EXPERIMENTS

We have carried out a number of experiments irradiating
Fortner's and Greene's melanotic malignant melanoma subcutaneous-
ly proliferating in Syrian golden hamster using the KUR Thermal
Column of the Nuclear Reactor with and without administration of1 OB-chlorpromazine compounds. In cooperation with Dr. K. Kanda
and Prof. S. Shibata, nuclear physicists at the KUR, we found
that a dose of 1.2 to 1.8 x 1Q13 nvt by 5 megawatts for 120 min-
utes is the range of optimal dosage in the present experimental
system.

Melanoma bearing hamsters are held without anesthesia within
a specially designed acrylic cgge. These are placed directly in
front of a bismuth plate of the reactor in order to avoid an in-
crease of gamma rays and to maintain a constant neutron dosage.

The use of a neutron collimator is essential when irradiating
a defined area. Until recently the usual shielding material was
cadmium metal or borated polyethylene plate but undesirable gamma
rays are produced from these materials. Drs. Kanda and Kobayashi
of our group, after investigating various materials, found that
lithium fluoride minimizes the increase in secondary gamma rays
due to the (n^A) reaction and backscattering from the collimator
[12]. Thus lithium fluoride was chosen as the collimator material
used to shield the hamsters, except for the melanoma lesion.

The actual neutron fluence and gamma ray dosage of KUR operated
at 5MW for 120 mins under these conditions measured on the mela-
noma covering hamster skin facing the reactor were 1.8 x 10^3 nvt
and 100R respectively, while on the opposite hamster surface they
were 0.1 x 10^3 nvt and 90R respectively.

Fig.l shows the average growth curves for one of these experi-
ments. Melanoma growth curve G-III, in the Fig. represents a
control unirradiated group, expressed by tumor volume calculated
by Van Woert and Palmer's equation, measured at regular intervals
after day zero. Day zero is the day on which group I and II wereirradiated.

Curve 6-11 shows tumour growth of neutron irradiated Greene's
melanoma without 10B]2-CPZ administration, for 120 minutes at 5
megawatts. It can be seen that the tumor growth is partially
inhibited after neutron irradiation alone.

As compared with the previous two groups,it is apparent that
the growth curve of melanoma treated with a combination of thermal
neutron irradiation and intramuscular systemic administration of
5 mg of TOB]2-CPZ containing 1100/ig of 10B, 24 hours before
irradiation, shows the maximum and longest suppresive effect (Fig.
1). Almost complete suppression is seen up to 18 days after irra-diation.

Greene's melanoma in Syrian golden hamster is similar to human
melanoma in that they are resistant to X-ray treatment, and show
only four days tumor growth suppresion even after 5000 rad given
in one dose (Fig.2).

To confirm the differences in melanoma sizes among groups
I, II and III, individual melanomas were removed after the obser-vation period, and their volumes were assessed by water displace-
ment method using a measuring cylinder. The results were gener-
ally in agreement with our observations. Although neutron irradi-
ation treatment with 'OB12-CPZ was found to be much more effective
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for melanoma treatment, complete eradication with a single irradi-
ation was not yet achieved.

These promising results lead us to investigate further the
following four lines of research in order to achieve the final
goal of melanoma eradication by this therapeutic modality.
I . In vitro radiobiological analysis of the specific killing

effect of various 10B compounds.
II . Dosimetry of ^B accumulated in melanoma.
ffi . Synthesis of more advanced 10B compounds with evaluation of

their affinity for melanogenesis.
IV . Establishment of optimum therapeutic methods for melanoma

bearing animals and humans.
IN VITRO RADIOBIOLOGICAL EVALUATION

In vitro radiobiological analysis was carried out to evaluate
the specific enhancement of the killing effect in thermal neutron
capture therapy of 10B]2~CPZ pre-incubation compared with thermal
neutron irradiation alone and with 6°Co gamma rays, using cultured
cell systems [13].

Prior to the in vitro irradiation experiments the specific af-
finity of CPZ to melanotic melanoma cells was tested [14]. Cul-
tured melanotic and amelanotic B-16 melanoma cells were incubated
with -^s-iabgiigd CPZ which was replaced with normal fresh medium
after varying time intervals, and the 35$.labelled CPZ uptake of
the melanoma cells was measured. The amount of incorporated
35S-CPZ in cultured melanoma cells decreased to 50% during the
first 30 minutes of the post-incubation period, but thereafter
its value remained constant for over 24 hours. On the other hand,
the accumulation of CPZ in amelanotic cells was extremely small,
indicating the specific affinity and binding of CPZ to melanotic
melanoma cells.

The cultured cells were pre-incubated in medium containing
10~5M 10B]2-CPZ. Thereafter the medium was replaced with normal
medium before irradiation with gamma rays from a 60c0 source.We found that the cell survival curves following ""Co irradiation
with or without the ^^B]2~CPI are identical. They exhibit a
shoulder, with DO, Dq, and n values of 180 rad, 290 rad and 5
respectively .

The thermal Column of the KUR had a thermal neutron flux of
7.9 x 10° n/cnr-s-MW and core gamma rays of 15.0 rad/h-MW at the
bismuth surface with a neglegible amount of fast neutrons. The
cells in the flasks were irradiated for 60 minutes at 5MW on the
graphite table, at different distances from the bismuth surface
of the reactor to obtain the pre-determined fluences of thermal
neutrons .

The cell survival curves [13] following thermal neutron irra-
diation with or without the 'OB12-CPZ have exhibited so-called
single hit curves (Fig.3), The DO value of thermal neutron
irradiation without the 10B12-CPZ was 2.8 x lo]2n/cm2. The
addition of 10~5M '°Bi2-CPZ containing 1.1/ug '°B/ml medium en-hanced the killing effect and decreased the DO value to 0.9xl012
n/cm2. The accompanying gamma rays were between 59 and 162 rad.

Another purpose of in vitro radiobiological analysis of the
melanoma cell survival curves is the determination of the spe-
cific affinity of the 'OB-compounds for melanogenesis. To
achieve the final goal of eradication of melanoma and other
cancers by this treatment, we must continue to synthesize more
advanced and newer compounds with a specific affinity for target
cancer cells. The analysis of the specific affinity of currentand future l^B-compounds is an essential part of the project.

Dr. Yoshino, Dr. Okamoto and Prof. Kakihana of Tokyo Institute
of Technology, working in our group, have established a chemical
assay method for boron with a sensitivity of 0.1 /ig/gm tissue [15,
16] but the precise determination of '^B in cultured melanoma
cells requires the collection of a large number of samples.
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The isotope labelled carrier compounds of ^5 can provide in-
formation on its specific affinity, but there is no guarantee
that, for instance, 35S-labelled CPZ behaves identically to '°B12-
CPZ. So Dr. Fukuda and Dr. Matsuzawa of our group carried out
another experiment to compare the enhancing effect of these spe-
cific compounds with non-specific 1°B compounds such as l°B-boric
acid, which has no selective affinity for, nor specific accumu-
lation in the target cells [13,17].

An experiment was done with 10B concentrations ranging from
0 to 5/ug/ml medium, in the form of ^OB-boric acid during thermal
neutron irradiation. It has been found that the survival curve
produced by 5/jg 'Ofi/ml medium is almost identical to that ob-
tained from melanoma cells only pre- incubated with 1.1 yug l^B/ml tin the form of '"Biz-CPZ. It is therefore evident that our newly
synthesized '^Bi2-CPZ is substantially concentrated into and
specifically bound to the melanoma cells(Fig.3).

While we were working on the thermal neutron capture treatment
of malignant melanoma using these ^B-chlorpromazine compounds,
we also thought of compounds along a different line. These corn-
pounds would specifically accumulate in the melanoma cells with
non-or-poor melanin content but having tyrosinase activity, par-
ticularly in the young melanoma cells which divided during the
administration of the ^B chlorpromazine compounds. Melanin is
formed from tyrosine or dopa by the action of tyrosinase within
the melanoma cells. If boron labelled dopa is administered, the
boron uptake following a single dose is apparently proportional
to the rate of melanin synthesis.

It has been shown that tyrosine has several other metabolic
pathways, such as to adrenaline in vivo, while the administered
dopa has a high affinity for melanoma, which possesses a high
tyrosinase activity. The selective uptake of dopa by melanotic
melanoma cells in contrast to the non-melanin forming cells has
been shown also in vitro by Wick and his coworkers [18].

Thus we looked for the molecular hybrid compounds of '"B and
dopa. Among the compounds analogous to dopa we have so far been
able to synthesize three, dopa borate, p-borono-phenylalanine,
and 3,4-dihydroxy-phenylethylboronic acid. Among these three,
^B]-p-boronophenylalanine, which has recently been synthesized
by Dr. Kakihana and his associates [16], is one of the most
promising compounds. We are working on the synthesis of two
other compounds.

Fig. 4 shows the enhanced specific killing effect obtained by
pre-incubating with lOyuq of '^Bi-p-boronophenylalanine [19],
containing only 0.44/ug 'OB per culture medium. The DO value
was 0.9~1.2 x lO^2 nvt. To obtain the same DO value pre-incu-
bation with 1.1 jug 10B/ml in the form of '^B^-CPZ was required.
To get the same Dp value from non-specific 10 B-boric acid the

'OBaddition of 5 /jg 'OB/ml during irradiation was required. Thereis one thing to point out in this figure, the addition of 10/ig
of the same compound, but containing natural boron, in the same
way produced a distinctly lower killing effect, indicating that
the main factor affecting the killing effect is a different popu-
lation density of (n -^reactions occur ing in the melanoma cells.
DOSIMETRY OF 10B ACCUMULATED IN MELANOMA

In order to cure melanoma by this treatment, the precise assayof 10B in various organs of melanoma bearing subjects in relation
to their melanogenic activity and kinds of '^B compounds adminis-
tered, is necessary [15]. Fig. 5 shows the boron concentration
determined by colorimetric assay in melanoma, blood and other
organs at various time intervals after intra-peritoneal injection.
It can be seen that at 24 hours after administration the melanoma
to blood ratio of I^B concentration is 11.5 and the melanoma to
liver ratio is 15. This clearly indicates that this is the opti-
mum time for the neutron capture treatment [15,20].

The specific affinity of this recently synthesized '°B-compound
may be compared with the compounds used by previous researchers
[3,4,5]. Para-carboxyphenyl boronic acid used by Sweet et al [3]
achieved a 10B tumor/blood ratio of 0.3~-0.5 in glioblastoma.
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Sodium mercaptoundecahydrododecaborate used by Hatanaka et al [4,
5] gave a ratio of l.Ŝ S.S also in glioblastoma. The much higher
tumor to blood ratio obtained by the administration of '"B-p-bo-
ronophenylalanine-HCl in melanoma bearing hamsters coincides with
the greatly enhanced killing effect observed in vitro radiobio-
logical analysis, and indicates promising therapeutic results for
melanoma subjects.

Based on this promising specific affinity of ^B-i-p-borono-
phenylalanine we have been working to analyze its therapeutic
effect using melanoma bearing hamsters. The experiments are still
in progress.
PRE-CLINICAL THERAPEUTIC EXPERIMENTS

Parallel to these lines of investigation we have also carried
out pre-clinical therapeutic experiments using spontaneously
occuring malignant melanoma in Duroc pig skin [21]. During the
neutron capture treatment, general anesthesia, controlled from
a distance, is used to keep the subject in front of the bismuth
surface of the reactor.

Fig.6 shows the malignant melanoma before treatment, and marked
regression with ulceration of the melanoma still seen 26 days
after neutron capture treatment using nBi2-CPZ.

We have also carried out pre-clinical studies using 1°B-p-bo-
ronophenylalanine. Marked regression of the melanoma and depig-
mentation was seen, after the combined treatment of 50 mg ̂ 8]-
p-boronophenylalanine, administered by peri-lesional injection,
and 2 x 10^ nvt thermal neutron irradiation. No obvious side
effects were seen, and the blood count and liver function were
found to be normal after the treatment.
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Fig. 1. Average melanoma growth curves obtained by thermal neutron
capture treatment with and without ̂ B^-CPZ.

Control unirradiated melanoma group, G-III.
Thermal neutron irradiation 5MW for 120 mins (2.9 x 10'^
nvt) only, group, G-II.Thermal neutron irradiation (2.9 x 10'^ nyt) with direct
intramuscular systemic injection of 5 mg luBi2-CPZ 26
hours prior to irradiation, group, G-I.

Melanoma
volu

Growth Inhibition of Fortner s
Malignant Melanoma
after SOOORad Irradiation

5 10

Days after Irradiation

Fig. 2. Hamster melanoma showing only four days growth suppression
after X-ray treatment of 5000 rad.
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Fig. 3. Cell survival curves after thermal neutron irradiation
with 10Bi2-CPZ and with nonspecific 10B, exhibiting
specific accumulation of the former in melanoma cells.
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Fig. 4. Enhanced specific killing effect of 10B-p-boronophenyl-alanine.
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Selective Uptake of Boron by
Melanoma after Administration of

B-p-Boronophenylalanlne HC1
20mg(i.p.. )/Hamster

10 15 20 25 30 35
Hours after Administration

Fig. 5. Boron concentration in melanoma, blood and other organs
in hamster at various time intervals after intra-perito-neal injection, showing highest mealnoma/blood ratio at
about 28 hours after administration.

Fig. 6, Malignant melanoma in Duroc pig skin before treatment (A)
A & B. and 26 days after neutron capture treatment with nB-|2-CPZ

administration (B).
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M. ABE, M. TAKAHASHI
Department of Radiology,
Faculty of Medicine,
Kyoto University,
Kyoto, Japan

ABSTRACT

Clinical results of intraoperative radiotherapy
(IOR) which have been obtained in Japan were review-
ed. In IOR of gastric cancer, a single dose of 2800
-4000 rad was delivered. The 5-year survival rates
of the patients treated by operation alone was 93.0
% for Stage I, 54.5% for Stage II, 36.8% for Stage
III and 0% for Stage IV, while those of patients
treated by IOR was 88.1% for Stage I, 77.6% for Sta-
ge II, 44.6% for Stage III and 19.5% for Stage IV.

In pancreatic cancer, long-term survivors
could hardly be obtained because of the advanced
stage of the disease. However about 80% who compla-
ined of severe abdominal pain experienced relief of
pain within a week after irradiation with more than
2000 rad.

In colon cancer, a cancerocidal dose can be
delivered safely, since normal intestine is shifted
from the field. Five of 14 patients treated by IOR
are alive and 2 of the five patients have survived
more than 5 years.

In patients with glioblastoma, it was demonst-
rated that patients having received a combination of
external irradiation, followed by a second cranio-
tomy combined with necrotomy and IOR to the residual
tumors yield significantly better results than those
having received conventional treatment.

In prostatic cancer, satisfactory local control
could be obtained by IOR with a single dose of more
than 3300 rad without complications of rectovesical
function.

In mediastinal tumors, two of the 9 patients
treated by IOR have survived more than 5 years with
no sign of pulmonary fibrosis.

In soft tissue sarcomas IOR has yielded a local
control rate of 73.3% without affecting the skin
overlying the tumor.

INTRODUCTION

The physical advantages of megavoltage radi-
ation have significantly improved the long-term
survival and cure rate for several types of deep-
seated neoplasms. However, a cancerocidal dose of
external irradiation can not be delivered to tumors
adjacent to critical radiosensitive structures. On
the other hand, in surgery, the possibility always
exists that microscopic lesions will be left be-
hind, even after what is believed to be a curative
operation. To overcome these limitations of radio-
therapy and surgery, we developed intraoperative
radiotherapy (IOR) in 1964. In IOR, radiation
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damage to normal structures is minimized(1), since
they can be shifted from the field so that the
lesions may be exposed directly to radiation, In
addition, high energy electrons permits delivery of
a sterilizing dose to the lesions with a sharp limi-
tation of the total volume of tissue included in
the high dose range. These advantages of IOR have
opened the way to new treatment of abdominal tumors.
It has also widened the scope of radiotherapy by
permitting definitive treatment of radioresistant
neoplasms such as soft tissue sarcomas or bone
tumors without skin damage.

For these reasons, IOR has spread in Japan and
the number of institutions in which this radio-
therapy is performed has continued to increase, to
a total of 26 in 1979. Fig. 1 demonstrates the
distributions of diseases treated by IOR. The
disease with the greatest number of patients treated
by this method is gastric cancer with 183 patients,
followd by urinary bladder cancer with 171, and
pancreatic cancer with 108. IOR is most widely
applied to pancreatic cancer; the treatment is per-
formed in 14 institutions. Next is biliary tract
cancer, which is treated in 12 institutions, and
stomach, urinary bladder cancers, which are each
treated in 10 institutions.

GASTRIC CANCER

As is well known, the incidence of gastric
cancer is strikingly high in Japan. For the treat-
ment of gastric cancer, surgeons have exerted much
effort in performing larger, more extensive resec-
tion. However, the prognosis following gastric
cancer surgery has not improved for many years:
The five-year survival rate is still only about
30-40%(2). The main reason that the success of
gastric cancer surgery remains poor is that the
incidence of metastases to the lymph nodes along
the left gastric and common hepatic arteries and
around the celiac axis is high(3). Complete elimi-
nation of cancer nests around these blood vessels
is hard to attain by surgical procedures.

For the curative intent, the primary tumor
must be removed surgically. The reason is that a
large dose is required to eradicate a large tumor
and radiation tolerance decreases quickly with in-
creased volume(4). At first, gastrectomy is per-
formed. A treatment cone should be inserted to the
unresectable remnants or highly suspected lesions
before gastroenterostomy, because at this stage the
site to be irradiated can be adequately exposed and
organs to be protected pulled aside. When IOR is
applied in addition to a curative operation, the
radiation field is positioned toward the lymph node
groups along the celiac axis, which most frequently
contain metastatic cancer and are hardly eliminated
by surgical procedures. When the posterior wall of
the stomach is grossly adherent to the pancreas,
this part must be sufficiently encompassed by the
radiation field. The pentagonally shaped treatment
cone which fits the costal arch and encompasses the
area stated above is inserted into the abdomen in-
clining about 15° so that the celiac axis is suffi-
ciently covered. Fig. 2 demonstrates a field of
IOR in gastric cancer.

A single dose ranging from 2,800 to 4,000 rad
increasing with tumor volume was delivered. In
order to evaluate the effectiveness of IOR, sequen-
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tial study concerning the survival rates was made
between the patients treated by IOR and those
treated by surgery alone at the Kyoto University
Hospital. Namely, patients who were admitted to
the Hospital on Tuesday received an operation alone
and those who were admitted on Friday received IOR.
Fig. 3a-3d demonstrate the actuarial survival ratesbased on an analysis of 110 patients treated by
operation alone and 84 patients treated by IOR.
The five-year survival rates of patients treated by
operation alone was 93.0% for Stage I, 54.5% for
Stage II, 36.8% for Stage III and 0% for Stage IV.
On the other hand, the five-year survival rates of
patients treated by IOR was 88.1% for Stage I,
77.6% for Stage II, 44.6% for Stage III and 19.5%
for Stage IV. Except in a few cases, chemotherapy
was not used in either group of patients. As is
clear from these results, IOR may be considered to
have a definite effect on locally advanced gastric
cancer.

PANCREATIC CANCER
Pancreatic cancer rarely yields to curative

measures, regardless of the modality of treatment.
Some fine results have been obtained in the treat-
ment of pancreatic cancer by external beam irradi-
ation, but the role of radiotherapy of this disease
has been largely palliative. The deep location of
the pancreas and its proximity to dose-limiting
structures have limited the delivery of the high
doses of external beam radiation necessary for
curative intent. IOR affords a more radical out-
come than external irradiation and carries less of
a risk than surgical procedures.

One hundred and eight patients have been trea-
ted at 14 institutions. A single dose ranging from
1,500 to 4,000 rad was delivered. Choledochojeju-
nostomy and gastrojejunostomy were made if neces-
sary. Since most patients were inoperable because
of the advanced stage of the disease, long-term
survivors could hardly be obtained. Fifteen out of
the 108 patients are alive, five survive more than
one year, and the longest survival time is 3 year
and 7 months(5). The average survival time of the
dead patients was 5.8 months.

The most conspicuous effect of IOR in pancrea-
tic cancer is relief of pain. Forty-seven out of 59
patients(79.6%) who complained of severe abdominal
pain experienced relief of severe pain within a
week after irradiation with a single dose of more
than 2,000 rad.

In the case of pancreas head cancer, exposure
to the duodenum is difficult to avoid; about 30% of
the patients developed diarrhea, 19.8% of the
patients experienced bloody stool. In autopsied
patients, the reduction and hardening of the tumor
were observed and marked degeneration of tumor cells
and fibrotic change were found in patients having
received more than 2,500 rad. Since there is the
risk of pancreatic necrosis when a large portion of
the normal pancreas is exposed, dosage exceeding
3,000 rad is not advisable(6).
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COLON CANCER

In surgical treatment of colon cancer, en bloc
excision of lymph nodes up to the intermediate group
is possible together with the primary tumor of the
colon, but complete elimination of cancer nests
around the mesenteric arteries or the aorta is hard
to attain by surgical procedures. In addition, the
incidence of local recurrence is high when the
lesion penetrates through the wall of the colon with
invasion into the nearby organs such as the bladder
or retroperitoneal structures. In IOR, a canceroci-
dal dose can be given safely to unresectable rem-
nants since the intestine is shifted from the field
(6). Fourteen patients have been treated at 2 in-
stitutions and 5 patients are alive.

The longest survivor is a male sigmoid cancer
patient 67 years. The tumor was about 7 cm in dia-
meter with lymph node metastases around the infra-
mesenteric artery which infiltrated the retroperi-
noneal structures. The primary tumor was romeved
by left hemicolectomy. The infiltrated tissues and
lymph node metastases that were left behind after
operation were irradiated with 3,000 rad at one
session. He is well with no evidence of recurrence
more than 10 years after treatment.

BRAIN TUMORS

In the treatment of brain tumors, external
irradiation is more advantageous than IOR, since the
tumor can be irradiated with a sufficient dose
irrespective of its location. However, in the brain
tumors which recur after a full course of external
irradiation, a second treatment of external radio-
therapy to the same area with a cancerocidal dose is
impossible because of the danger of brain necrosis.
In the case of glioblastoma, local control by exter-
nal irradiation can hardly be achieved because of its
low radiosensitivity. In this case, IOR is consi-
dered to be the treatment of choice.

Thirty-six patients have been treated at 3 in-
stitutions. Nineteen patients were primary pati-
ents, 15 were recurrent and the remaining 2 patients
were metastatic. Histological distribution was as
follows: 10 patients had glioblastoma, 3 patients,
astrocytoma, 2 patients metastatic adenocarcinoma,
and 1 patient, fibrosarcoma. Nine out of the 36
patients are alive. The longest survivor is one
patient with glioblastoma, who has survived 3 years
and 3 months. Patients having received a combina-
tion of fractionated external photon radiation with
cumulative doses of 3,000-4,000 rad, followed 4
weeks later by a second craniotomy combined with
necrotic tumor tissue removal and IOR with a single
dose of 1,000-2,000 rad to the residual tumors,
yield significantly better results than those
having received conventional treatments.

PROSTATIC CANCER

Prostatectomy has been reserved for a minority
of patients, mostly because very few carcinomas of
the prostate are diagnosed in an operable stage.
External pelvic irradiation to prostatic cancer
with curative intent is sometimes accompanied with
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complications of rectovesical function. An elect-
ron beam with a sharp and rapid fall-off in depth
dose is of particular advantage in the treatment of
unresectable but localized prostatic tumors.
Twenty-six patients have been treated by IOR at 6
institutions and 14 patients are alive. Two out of
the 14 patients have survived more than 5 years and
3 patients more than 3 years. The treatment cone
is inserted directly on the tumor, either by a
perineal(Fig.4), or transpubic approach. A single
dose of 3,500 rad is safe and considered to be
potentially curative dose.

MEDIASTINAL TUMORS

In patients with unresectable tumors, radio-
therapy has been the treatment of choice. However,
a cancerocidal dose of external irradiation frequen-
tly causes severe radiation fibrosis. Also there
is a risk of radiation myelopathy, when large cumu-
lative doses are delivered to the mediastinum. In
obtaining cure without these complications, IOR is
considered a reliable form of treatment(7) . Medias-
tinal tumors have little potential for metastasis,
and hence they are well indicated, especially when
the tumor has invaded the neighbouring structures
and surgical elimination was incomplete. Two out
of the 9 patients treated have survived more than 5
years with no sign of pulmonary fibrosis or recur-
rence and have returned to work.

Median sternotomy is convenient in order to
insert the treatment cone precisely upon the medias-
tinal lesions. A single dose, ranging from 3,000
to 4,000 rad, increasing with tumor size, seems
adequate.

SOFT TISSUE SARCOMA

Radiosensitivity of the large majority of soft
tissue sarcoma is very low; therefore, surgery is
the treatment of choice. However, if surgery with
wide removal of a generous marginal of normal tissue
around the lesions can not be performed, the recur-
rence rate is shown to be extremely high. The
rationale for IOR is based on the possibility of
sterilizing residual tumors or cells seeded during
surgery without affecting the skin overlying the
tumor mass. Twenty-eight patients have been treated
at 7 institutions and 21 patients are alive. Five
out of the 21 patients have survived more than 5
years.

As much tumor tissue as possible was removed
and the skin incision was made widely, so that the
lesions were sufficiently covered by the treatment
cone without including the skin. A single dose of
3000-4500 rad was delivered to the tumors. IOR has
yielded a satisfactory local control rate of 73.3%.
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No of cases treated by intraoperative radiotherapy
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Urinary
bladder

Ililliil Patients dead

Fig. 1. The distribution of diseases treated by
intraoperative radiotherapy and the number of insti-
tutions in which the treatment was performed.
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Fig. 2. Field for a case of gastric cancer with
invasion of the pancreas. The field covers the
lymph node groups which most frequently contain
metastatic cancer.
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Fig. 3. Actuarial survival curves of gastric cancer
patients treated by intraoperative radiotherapy and
those treated by surgery alone.

Fig. 3a. Stage I gastric cancer.
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Survival rates of stage IV gastric cancer
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Fig. 3.
Fig. 3^. Stage IV gastric cancer.

Fig. 4. Intraoperative irradiation in prostatic
cancer. The tumor is pushed forward to the peri-
neum by a Young's retractor and a treatment cone is
inserted directly upon the tumor through the peri-
neal incision.
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RECOMMENDATIONS

The following recommendations were summarized in the course of the
Panel Session by the Chairman, Professor E.J. Hall, and the Co-chairman,
Professor Sugahara, in which the future outlook on prospective methods of
radiation therapy in developing countries were discussed in relation to the Agency's
activities with regard to this subject.

1. Meetings

The IAEA should encourage the setting up, at appropriate intervals, of
seminars to discuss specific topics of more immediate concern to developing
countries. At less frequent intervals, say every four years, a more general research
seminar, similar to the Kyoto meeting, should be held. This will permit the
participants to share their experiences in new areas of radiobiology and radiotherapy.

2. Clinical trials

There is a clear need for radiation therapy departments in developing
countries, many of which have access to a very large number of cancer cases that
often differ in type, frequency of occurrence and aetiology from cancer cases
in developed countries, to participate in clinical trials of centres in industrialized
countries. This should be possible, and particularly useful for studies on sensidizers
and possibly hyperthermia. This aim is desirable, to the extent that the IAEA
can promote it.

3. Training

Courses: Training courses are needed on the basic skills and the state-of-
the-art of radiotherapy and also on radiation physics and technical services
(for radiographers or X-ray technicians). Subjects for radiotherapists might
include after-loading techniques, changed patterns-of fractionation, the use of
sensitizers and protectors, and the development of hyperthermia. For physicists,
courses are needed on dosimetry methods, wedge filters, beam direction
devices and treatment planning techniques. For technicians, courses on treatment
planning and care of the patient, with special concern for the psychological
needs of cancer patients, are needed. The duration of these courses should
be one to three months.

On-site training: A case can be made for sending individual 'experts' or
groups of experts, to centres in developing countries to teach specific skills in the
environment in which they will be subsequently practiced. The techniques of
interstitial implants are a case in point; the adaption of simple but essential
dosimetric and beam detector techniques is another one.

Fellowships: Young people — physicians, physicists or researchers —
with two or three years post-doctoral experience should be encouraged to
spend six months at a centre in an industrialized country to gain skills and to
profit from the overall philosophy of radiotherapy in a sophisticated setting.
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A most desirable aim is to forge lasting links between a centre in a developing
country and a particular department in the United States of America, in Japan
or in Europe. What started as a fellowship of a young doctor from a developing
country may then be reinforced and backed up by short (2 weeks) visits of
experts from the industrialized country. Long-term exchanges of this sort
prove to be of mutual benefit.

4. Research and development

Of the various new treatment modalities now under active clinical
investigation, the use of hypoxic cell sensitizers and hyperthermia are the most
practical on economic grounds. Help is needed to implement such techniques.

(a) Hypoxic cell sensitizers: It is recommended that the Agency encourage
research aimed at developing new and improved sensitizers, and particularly
assist centres in developing countries in obtaining drug supplies.

(b) Hyperthermia: Support is necessary for clinicians in developing countries
to gain experience in applying simple and cheap methods of hyperthermia.
The support should be in the form of travel grants to enable clinicians and
medical physicists to visit hyperthermia centres.
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