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Progress in Chemotherapy of Cancer
W. DAVIS 1 & L. F. LARIONOV 2

The chemotherapy of cancer, in relation to surgery and radiotherapy, is a new method
ofattack. Its development, which started virtually in the 1940's, was reviewed by the WHO
Expert Committee on Chemotherapy of Cancer that met in September 1961. The report
of the Committee dealt with experimental and clinical studies in this field critically, but
also to a necessary degree, comprehensively. The design and mechanism of action of the
drugs, their biological screening and subsequent clinical trials were discussed, and a review
was presented of the clinically available drugs and the neoplasms for which they were
indicated. In the two years that have elapsed since the report was drawn up many new
compounds have been testedandsome have had clinical trials. There have been developments,
too, in methods of administration. All these new developments are discussed in thepresent
paper.

In recent years considerable effort has been
devoted to the search for better, more selective
drugs that could be used in the management of the
many different forms of neoplastic disease (WHO
Expert Committee on Chemotherapy of Cancer,
1962). Potential anticancer drugs are being sought
among newly synthesized congeners of previously
tested drugs, among quite new classes of chemical
substances and among extracts of mould ferments
in parallel with the search for antibiotic properties.
Many thousands of substances, both natural and
synthetic products, are screened annually for anti-
cancer activity, but in the two years since the drawing
up of the report of the WHO Expert Committee on
Chemotherapy of Cancer (op. cit.), the advances
in this field have come not so much from the
discovery of new drugs as from the better methods
of application of those already known. The use of
intra-arterial infusions of low concentrations of
drug over long periods and the technique of regional

perfusions into an isolated circuit with very high
concentrations of drug for relatively short periods
have both been considerably developed recently.
Chemotherapy, in combination with radiotherapy
and with surgery, is being continuously studied and,
in general, methods of clinical assessment of anti-
cancer drugs by large-scale controlled trials have
been much improved.
So far no drug that is sufficiently selective in its

attacks on malignant cells yet exists, and only a
limited percentage of patients with certain types of
neoplastic disease benefit from chemotherapy. But
the number of cancer patients to whom chemo-
therapy brings objective effect, including partial
and complete regression of tumours, increases
slowly as a result of painstaking research into
drug improvement and methods of administration.
This is sufficient justification for a restrained
optimism that a major breakthrough mav yet be
achieved.

EXPERIMENTAL DEVELOPMENTS IN ANTICANCER DRUGS, 1961-63

The review of developments in the field of anti-
cancer drugs over the last two years shows no major
break in the pattern already set in 1961. The
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organic chemists have continued with great energy
to synthesize analogues of the previously known
cytotoxic drugs and, up to the end of 1962, there
were 2255 nitrogen mustard derivatives listed,
132 sulfur mustards, 648 ethyleneimines (aziridines)
and another 384 epoxides and episulfides (Bratzel
et al., 1963). These compounds, totalling 3419,
are the alkylating agents that had been made and
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perhaps tested experimentally and clinically as
anticancer drugs. There is no such convenient list
of antimetabolites or of antibiotics that are claimed
also to have cytotoxic properties, but their number
is certainly as great as the total of alkylating agents.
Equally, the field of anticancer hormones has
expanded. More potential drugs have been extracted
from plant products and micro-organisms, and very
many quite new types of chemical compounds have
been made and tested as anticancer drugs. Beyond
all these, there are hundreds of thousands of
miscellaneous chemicals that have been screened,
especially by the Cancer Chemotherapy National
Service Center, Bethesda, Md., USA, for possible
antitumour activity.
Up to the present, however, none of the drugs

that have been added to the existing total in the last
two years has significantly changed the general
potential of cancer chemotherapy, although impor-
tant improvements have been made on some of the
earlier drugs and on the methods of their adminis-
tration. It is to be hoped that still further improve-
ment will come from some of the compounds too
new yet to have had clinical trial. In this report,
attention will be focused, too, on the new types of
potentially active anticancer drugs in the hope that
they may provide the point of departure for fresh
fields of development.

ALKYLATING AGENTS

Nitrogen mustards
Perseverance and ingenuity have combined to

extend the already large family of nitrogen mustards.
For example, the comparative success of cyclo-
phosphamide has encouraged the synthesis of a very
wide range of dichloroethyl derivatives of cyclic
phosphoramides which i.1cludes pyrophosphates
(Friedman et al., 1963), sugars (Serfontein &
Jordan, 1962), and molecules containing ethylene-
imino-groups (Friedman et al., op. cit.) as well.
New compounds with naturally-occurring carrier
groups are exemplified by the dichloroethyl deriva-
tives of cysteine (Iwamoto et al., 1963), tyrosine
(Selmichiu, I. et al., 1962), lysine (Larionov &
Spasskaia, 1961) and tryptophan (Sugiura, Perri &
Barclay, 1963) and some new peptides (Knunyants,
1962). The cholesteryl ester of p-(di-[2-chloroethyl]-
amino)phenylacetic acid (Larionov, Degteva &
Lesnaia, 1962) has been tested and found to possess
a certain degree of brain tumour tropism.
Combinations of alkylating agent and anti-

metabolite have been made with the dichloroethyl

derivatives of a pyrimidine antimetabolite, thio-
cytosine (Montgomery et al., 1962), and of folic
acid antagonist, benzoylglutamic acid (Fu, 1962).
Potential alkylating and antibiotic activity have also
been combined in a dichloroethylamino derivative
of methyl tetracycline (Bradner et al., 1963), and the
aromatic system of podophyllotoxin-a plant
product applied in the treatment of neoplastic
disease-has been used as a carrier for the nitrogen
mustard group (Pettit, Baumann&Rangammal, 1962).
Very many other nitrogen mustard derivatives

have been synthesized. A few examples must
suffice to show the range of molecular types covered.
Iso-alloxazines (Faulkner & Lambooy, 1963),
phenothiazines (Gilmer, 1962), Mannich base types
made by reacting dichloroethylamine (nor-chlor-
methine) 1 with ketones (Pettit & Settepani, 1962),
bischloroethylazides (Sakurai & Aoshima, 1962),
Schiff's bases derived from the benzaldehyde mus-
tard (Popp, 1962), have all been tested for anti-
neoplastic activity against experimental tumours
and many appeared to have an activity comparable
to some of the established drugs.
An interesting group of sulfur mustard derivatives

have been made and tested. These were the chloro-
ethylthioacyl derivatives of ethylenediamine (Witten
et al., 1962). They might possibly have proved to be
enzyme-activated drugs, but as in practice they were
found to be very short-lived (with half-lives in the
range 0.6 seconds to 25.9 minutes), they presented
an excellent opportunity for application in regional
perfusion and infusion, where the short half-life
might permit higher local dosage without allowing a
build-up of higher systemic concentrations of
alkylating agent.

Studies have been made of the biological proper-
ties of the stereo-isomers of some of the amino-acid
derivatives of nitrogen mustard (sarcolysin or
melphalan) and their peptides. In most cases, the
L-isomer possessed much higher biological activity
than the corresponding D-isomer. No explanation
has yet been offered for this difference, but the
solution to this problem may contribute something
important for the future of cancer chemotherapy
(Elson et al., 1962; Sophyina et al., 1962).

Ethyleneimines (aziridines)
Thiotepa remains one of the clinically important

and widely used alkylating agents. However, like

I Chlormethine is the Proposed International Non-
Proprietary Name for nitrogen mustard (HN2) and is used
throughout this paper.
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all the other anticancer drugs, it possesses limited
selectivity and, moreover, after a shorter or longer
period of administration of thiotepa, drug-resistance
develops. Chemists have therefore been stimulated to
synthesize a vast range of ethylenephosphoramides,
seeking lower toxicities and drugs that would not
exhibit cross-resistance with thiotepa. Of these, two
of the more interesting are Azetepa (Choy &
Stylianou, 1962), an N-thiadiazole derivative, and
the hexahydro-azepinyl (7-membered heterocyclic
ring) ethyleneimine (Tsou & Hoegerle, 1963), both
of which have had some limited success in clinical
trials. The so-called " dual " antagonists which
combine the alkylating ethyleneimine function with
the urethane molecule the bis (1-aziridinyl) phos-
phinyl carbamates (Papanastassiou & Bardos,
1962) have had extensive clinical trials. Drugs
have also been synthesized in which the ethylene-
imine group appears as a substituent in the 6-position
in a series of purines (Montgomery, Hewson &
Temple, 1962) which are reported to be moderate
inhibitors of the experimental tumour ' adeno-
carcinoma 755 ". These compounds may possibly
act as irreversible enzyme antagonists of the kind
described by Baker. Mixed alkylating function has
been sought in a phosphoramide carrying both
chloroethyl and ethyleneimine groups (Friedman
et al., 1963). A number of compounds related to
" Tetramin "-a-vinyl-I -aziridine ethanol-have been
studied including its acetate (Bottini & Dev, 1962),
some alkyl homologues and a bifunctional ethylene-
imine derived from butane-2,3-diol (Vargha, Toldy
& Kastreiner, 1959).

Epoxides
After a period in which interest in the clinical

properties of the bis-epoxides had waned, a new
drug " Epodyl " triethyleneglycoldiglycidyl ether-
has had clinical trials, showing it to have comparable
activity to the nitrogen mustards but lower toxicity
(Walpole et al., 1962).

ANTIMETABOLITES

For the same reason that attention has been
focused on the thiotepa analogues, it has also been
paid to compounds related to 6-mercaptopurine and
to the purine ribosides. For example, out of a
series of alkyl thiopurines, 6-(2-pyridylmethylthio)
purine (Lewis et al., 1962) was found to have a thera-
peutic index that was four times the value for 6-mer-
captopurine when tested against rodent experimental

tumours "sarcoma 180" and " adenocarcinoma
755 ", and in the related thioguanine (Noell& Robins,
1962) series the ribosides were, in some cases, more
active than the simple 2-aminopurines from which
they were derived. 9-Cyclopentyl and 9-cyclohexyl
(Kelly, Wheeler & Montgomery, 1962) derivatives
of 6-mercaptopurine were active in tissue culture
against a line of 6-mercaptopurine-resistant cells.
2-Amino-i-methylpurine-6-thione (Noell, Smith &
Robins, 1962) possesses a better therapeutic index
than thioguanine; 6-selenoguanine (Mautner et al.,
1963) was found to have comparable activity to
thioguanine but exhibited cross-resistance. Azido-
purines (Itai & Ito, 1962), purimidylthiopurines
(Koppel et al., 1962), 6-fluoropurine (Beaman &
Robins, 1962) and its riboside have all been synthe-
sized and submitted for test. The " dual " antagonist
appears in this group too. Carbamates derived from
aminopurines have now been prepared (Dyer,
Reitz & Farris, 1963). Of a number of nitrogen
heterocyclic compounds prepared for potential
anticancer activity, may be mentioned a group of
dihydro-s-triazines (Lombardino, 1963) that are
being screened for antitumour activity. One of
these, known as D54-naponate the 1,5-naphthalene-
disulfonate of 4,6-diamino-1 -(3,4-dichlorophenyl)-
2,2-dimethyl-1,2-dihydro-s-triazine is active against
a range of transplanted and cultured tumours
(Farber et al., 1963).
The range of pyrimidine antagonists has been

similarly extended. Trifluoromethyl pyrimidines
(Barone, 1963) have been prepared but screening
tests were negative. Very many more pyrimidine
nucleosides have been synthesized, including alkyl
(Holland et al., 1963) and halogeno derivatives of
uracil (Heidelberger, Parsons & Remy, 1962),
thymine and cytosine as well as nucleosides of
" fraudulent " sugars (Reist et al., 1962), such as,
for example, arabinofuranose. 6-Azauridine has
now been prepared in a form suitable for oral
administration by triacetylation (Handschumacher
et al., 1962) of the ribofuranose group. A less usual
compound to be included in this group is /3-(4-
hydroxyl-6-methylpyrimidyl-2)-alanine (Schuchkin,
Syrtsova & Prokofev, 1962), a combination of
pyrimidine and amino-acid.

ANTIBIOTICS

The list of antibiotics for which antitumour
activity is claimed grows continuously, but none is
yet playing any significant role in cancer chemo-
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therapy, apart from actinomycin C and D and
mitomycin C. Many other substances derived from
Actinomyces have been examined and synthetic
analogues prepared in an attempt not only to
improve on therapeutic performance but also to
study the influence on its biological activity of
various groups within this complex molecule.

Clinical trials of mithramycin (Kofman, 1963)
showed it to be toxic but capable of producing
objective remission in disseminated cancer, and
methods of moderating its toxicity are being studied.
Olivomycin (Mayevsky et al., 1962), spiramycin
(Back et al. 1962) and streptovitacin A (Dederick
et al. 1963) have all had clinical trials and the
latter also proved toxic, producing nausea and
hypotension.
Many other antibiotics have been found to possess

activity against experimental tumours and have been
proposed for clinical trial. One could mention as
examples marinomycin, distamycin A, ayamycin,
and chromomycin A3, but of all these and many
others too, none has yet been added to the twenty
or so drugs of choice used in practice by cancer
chemotherapists.

HORMONES

Although in this field, too, many variants of the
clinically useful drugs have been made, the prospect
has not changed significantly. A report of a com-
parative study by the European Breast Cancer Group
(1963) of testosterone propionate and Jl'-testolo-
lactone exemplifies the situation very well. The
primary clinical effects of the two drugs were similar,
but only with l'-testololactone was no virilization
or other hormonal effect observed.

9-a-Fluorohydrocortisone (Lampkin-Hibbard &
Mukherjee, 1962) has been shown to exert an
inhibitory action on mouse lymphoma.

PLANT PRODUCTS AND SUBSTANCES DERIVED

FROM MICRO-ORGANISMS

The search for active plant products continues and
there have been some interesting additions in this
group.
The Vinca rosea Linn. alkaloids now number 24

(Svoboda et al., 1962) and, of these, four have been
selected as " active ". Vincaleukoblastine (vin-
blastine) and leurocristine (vincristine) have been
extensively studied clinically. The other two, leuro-
sine (vinleurosine) and leurorosidine (vinrosidine),

which seem hardly less active when judged against
a spectrum of experimental tumours, have yet to be
reported on clinically.
Hippophae rhamnoides yielded a substance active

against rodent tumour, which was found to be
serotonin (Men'shikov & Petrova, 1962). Aristo-
lochic acid has been identified as the active principle
of Aristolochia indica and its structure worked out
(Morris Kupchan & Doskotch, 1962). The cucur-
baticins, a group of triterpenes extracted, for
example, from Ecballium elaterium and Citrillus
colocynthis, have been shown to possess antitumour
activity against transplanted mouse tumours (Shohat,
Gitter & Lavie, 1962).
A synthetic analogue of colchicine may be

mentioned here. Trimethyl colchicinic acid methyl
ether d-tartrate (TMCA) has been given preliminary
clinical trials and found to be of use in cases
of chronic granulocytic leukaemia (Lessner et al.,
1963).
Many different bacterial extracts have been shown

to possess some antitumour activity. Antibioticum
bulgaricum extracted from Lactobacillus bulgaricus
(Bogdanov, Popkhristov & Marinov, 1962) inhibits
sarcoma 180. Coley's toxin (Johnston, 1962),
prepared from a heat-killed mixture of Strepto-
coccus pyogenes and Serratia marcescens, has now
had extensive clinical trials in which several patients
-nearly half the group-showed some improvement.

MISCELLANEOUS COMPOUNDS

Compounds that have been found to possess
antitumour activity but which do not belong to any
of the preceding groups are collected here and,
although there are several different types, they
possess some obvious common features.

Firstly, the guanylhydrazones (Podrebarac et al.,
1963), some of the terephthalanilides (Schepartz,
Wodinsky & Leiter, 1962), 4,4'-iminodibenzamidine
(Duvall, 1962), 1-methyl-3-nitro-1-nitrosoguanidine
(Hyde et al., 1962) and its analogues, all have
amidine groups in the molecule. Then there are a
number of hydrazones (Wiley & Clevenger, 1962)
and Schiff's bases (Koshiura, Kagotani & Ujiie,
1962), in which the -CH=N-group is a common
feature. Not far removed from this group is a new
class of cytotoxic agents-the l-methyl-2-benzyl-
hydrazines, of which 1-methyl-2-p-(isopropylcar-
bonyl)benzyl hydrazine hydrochloride and 1-methyl-
2-p-allophanoylbenzylhydrazine hydrobromide have
been chosen for clinical trials (Zeller et al., 1963).
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This grouping is of course purely speculative and
there may prove to be no similarity in the mode of
action of all these compounds, for there is as yet little
indication of how they exert their biological effects.
Another drug called by its authors " a new type " is

hydroxyurea tStearns, Losee & Bernstein, 1963); this
compound, on the basis of its activity against mouse
leukaemia L-1210, has been selected for clinical
evaluation. A group of alkyl and benzyl sydnones
(Greco, Nyberg & Cheng, 1962) have been found
active against adenocarcinoma 755, and the steroidal
and aryldihydro-1,3-oxazines also possess anti-
tumour activity (Kuehne, Konopka & Lambert,
1962; Kuehne & Konopka, 1962). Experimental
interest has been maintained in 1-aminocyclopen-
tanecarboxylic acid and a series of peptides have

been synthesized of which some-for example, the
L-alanyl and the 1-aminocyclopentanecarbonyl
(Shankman et al., 1962) dipeptides-were found to
be active against sarcoma 180. Preliminary claims
have also been made for a substituted tetrazene
(Vogel et al., 1963), originally synthesized in 1878
but only recently tested.
A systematic attempt is being made to study the

effect of free-radical inhibitors of the phenolic type
(2,6-di-tert-butyl-4-methylphenol (Emanuel & Lip-
china, 1962); 4-hydroxyl-3,5-di-tert-butyl-benzyl-
amine hydrobromide) on spontaneous mice leuk-
aemias. It is reported that these compounds, which
suppress the oxidative-reductive processes in cancer
cells, produce a normalization of the blood picture
in these murine leukaemias.

RESULTS OF CLINICAL TRIALS OF SOME NEW COMPOUNDS

METASARCOLYSIN

It is of interest that, according to preliminary
findings, metasarcolysin has proved less effective
clinically than sarcolysin (para-compound) (Austin,
Bergsagel & Sprague, 1962). It produced no posi-
tive results in multiple myeloma in contrast to the
now well-established effectiveness of sarcolysin-the
para-compound-in the management of that disease.

AZETEPA

According to preliminary data, Azetepa may

bring about an objective improvement in some

patients suffering from solid tumours-for example,
uterine carcinoma and carcinoma of the large
intestine (Choy & Stylianou, 1962).

METHYLGLYOXAL BISGUANYLHYDRAZONE

DIHYDROCHLORIDE

According to preliminary data, this preparation,
when administered parenterally, may produce an

improvement in the blood picture and the bone
marrow in some patients suffering from acute
leukosis (Regelson & Holland, 1963). However,
there is no improvement in the clinical condition
and side-effects are noted.

TEREPHTHALANILIDES

A compound, 2-chloro-4',4 -di-2-imidazolin-2-
yl terephthalanilide (NSC 38280), was administered

to children suffering from malignant lymphomas
with maxillary involvement by continuous intra-
venous infusion (Oettgen, Clifford & Burchenal,
1963). Regression accompanied by clinical improve-
ment was observed in 6 out of 18 children, but it
was very short-lived, lasting longer than a month
in only one child. When the compound was adminis-
tered intravenously for two to four hours, there
were many manifestations of toxicity in the intestines
and nervous system, and lesions in the bone marrow
(Lyman et al., 1962). The non-halogenated deriva-
tive produced no effect in 27 cases of various
malignant tumours (Louis et al., 1962).

HYDROXYUREA

Hydroxyurea has some effect when administered
per os to patients with chronic myelocytic leukaemia;
one patient with the disease in the acute blastic
phase showed a favourable response. It has also
been reported, but without details, that hydroxyurea
has a positive effect in adenocarcinoma, squamous-
cell carcinoma, melanomas, and sarcomas (Krakoff,
Murphy & Savel, 1963; Thurman, 1963).

VINCRISTINE

An alkaloid from Vinca rosea Linn., vincristine,
was able to produce an objective improvement in a
range of neoplastic diseases: carcinoma of the cervix
uteri (Hreshchyshyn, 1963), breast cancer (Mittel-
man, Grinberg & Dao, 1963), cancer of the urinary
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bladder (Gailani, 1963), Hodgkin's disease, acute
leukaemia (Evans, Mariano & Brunet, 1963; Karon,
1963), and some tumours in children (James &

George, 1963). Toxic manifestations that were
observed were bone-marrow depression and neuro-
logical symptoms.

IMMUNOTHERAPY

Attempts to achieve cancer cures by immunolo-
gical techniques have been made over at least the
last fifty years. The progress has not been encoura-
ging and in 1961 a conference was convened under
the auspices of the American Cancer Society to
discuss the " Applications of Immunology to
Clinical Cancer: Past Attempts and Future Possi-
bilities ". The opinion was expressed that " when
the possibilities for application of immunology to
the control of human cancer are considered on
purely theoretical grounds it seems conceivable but
not very probable that it can be successfully applied
to cancer treatment, and the outlook seems slightly
morehopeful forcancerprophylaxis" (Southam, 1961).

A report has recently been published describing
the clinical trial of a preparation of hyperimmune
equine gamma-globulin (de Carvalho, 1963). This
preparation had been produced in horses in response
to inoculation with tumour-specific antigens obtained
from neoplastic tissue after a two-stage process of
precipitating out the normal tissue antigens. Of the
15 leukaemic patients treated, 13 had remissions
lasting from 4 weeks to 29 months. Of 16 cancer
patients, alleviation of pain was observed in nearly
all cases and 15 patients showed objective improve-
ment lasting from 2 weeks to 11 months.
The extension and corroboration of this work is

awaited with great interest.

BIOLOGICAL, BIOCHEMICAL AND BIOPHYSICAL RESEARCH

Whatever progress has been made in the chemo-
therapy of cancer, it rests on a foundation, partly
empirical, partly rational. Certain compounds were
found to possess cytotoxic activity, to be capable
of affecting favourably the abnormal blood picture
of leukaemic patients, to effect regression of some
tumours. From that point onwards, new drugs have
been synthesized mainly by analogy with existing
drugs. Sometimes the variations were made for
theoretical considerations based on existing know-
ledge; sometimes the variations were again empirical.
The result is that now, after 15-20 years, many
hundreds of thousands of chemical substances have
been screened as potential anticancer drugs; of these
some hundreds have been given extended clinical
trials and there are now a few dozen drugs considered
useful to some degree in the management of neo-
plastic disease. It has become urgent to encourage
fundamental research on all aspects of human
tumour biochemistry, biophysics, and more general
biology, including tissue culture, immunological and
karyotype studies. From a deeper knowledge of the
extent and nature of the difference between normal

and malignant cells and tissues, improvement should
come in the prevention, control and cure of neo-
plastic disease. Certainly, the possibility of devising
methods of chemotherapy that are truly selective,
generally effective and flexible enough to cope with
problems of drug-resistance is dependent on such
basic knowledge.
At present an attempt is being made to promote

and co-ordinate this work on a national and inter-
national level by an ad hoc " Co-ordinating Com-
mittee for Human Tumour Investigation" (based
on the Chester Beatty Research Institute, London),
at present composed of representatives from ten
European countries and in liaison with a group
centred in Boston, USA. Studies on human tumour
material obtained from biopsies and after surgical
excision of malignant tissue are in general at an
elementary level, but it is hoped that in many centres
the necessary collaboration between surgeon and
experimentalists will be established so that work may
begin, and studies be extended. When and wherever
favourable circumstances exist, co-operative studies
on an international basis would be encouraged.
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BIOLOGICAL TESTING AND STANDARDIZATION

The methods used both in the primary and in
the more detailed investigation of substances and
the criteria for recommending substances for clinical
trial differ considerably in different countries.

In Japan, ascitic tumours are mainly used; in the
USA, the USSR and the United Kingdom, solid
tumours and leukaemias are preferred, but of
differing strains. In the USA and in the United
Kingdom, rat sarcoma 45 is not used, but it is
widely used in the USSR. Mouse adenocarcinoma
755 and lymphoid leukaemia L-1210 are not used
in the USSR, but are widely employed in the USA.
In the USA and in the United Kingdom, when a
primary selection of substances is made, the prepa-
rations are injected the day after inoculation,
whereas in the USSR they are injected only after
the tumour has reached 0.5-1 %Y of body-weight.
In the USSR, an assessment is made only on the
basis of the results obtained when the maximum
tolerated dose of a substance has been administered
with no deaths among the experimental animals
and with no loss of body-weight exceeding 10%.
In the USA, the death of 10-30% of the animals is
permitted, i.e., a higher dose than the maximum
tolerated dose can be used. In the USSR and in the
Federal Republic of Germany, a preparation is
recommended for clinical trials only after study of
the selectivity of its antitumour activity by means
of parallel investigation of its effect on tumours and
of its side-effects (particularly on haemopoiesis). In
the USA, less importance is attached to these
investigations and sometimes substances with
relatively low selectivity of antitumour effect (for
example, azaserine and the phthalanilides) have been
recommended for clinical trials.
These differences of approach and research

methods are in some degree a hindrance to progress
in cancer chemotherapy. If it is to develop further
it is imperative that methods both for the primary
selection and for the more detailed study of sub-
stances, and criteria for the recommendation of
substances for clinical trials, should be discussed on
an international basis in an attempt to achieve the
greatest possible degree of standardization.
The authors of this paper therefore consider that

in the near future it is essential for a group of
experts to meet to discuss these problems, with the
aim of achieving standardization of research in the
experimental chemotherapy of cancer.

The fact that it is so difficult to forecast from
animal experiments the type of human tumours
against which a substance should be tested is a
great hindrance to the rapid and accurate clinical
evaluation of a new anticancer substance. The
majority of human tumours have a marked organ-
specificity and their cells, to a large extent, maintain
the specific features of the cellular metabolism of
the organ concerned. On the other hand, many of
the most commonly used animal tumour strains
which have been transplanted over a long period
have completely, or partially, lost their organ-
specificity. Tumours such as sarcoma 180 or the
Ehrlich " carcinoma ", used so often in experi-
mental chemotherapy, are completely dedifferen-
tiated from the histological and chemical points of
view.

Therefore every new compound should be tested
against a wide range of human tumours to find
those which best respond to it. If a new compound
possesses a comparatively narrow and specific range
of action, several years may pass before the tumours
which it affects are discovered. For example, the
antifolic drugs were first used for the treatment of
acute leukaemia as long ago as 1948, but their
ability to produce a considerable effect in chorio-
carcinoma was only established eight years later.
The ability of 5-fluorouracil to produce objective
improvements in cancer of the pancreas was
established only three or four years after its favour-
able effects in cancer of the colon and rectum and
in breast cancer had been discovered.

There seem to be two ways of tackling this
problem that is retarding the development of chemo-
therapy.
The first way is to try to find which animal tumour

strains correspond most closely to particular human
tumours. At the present time, a large number of
transplantable tumour strains of mice, rats, hamsters
and other animals have been cultivated in many
different countries. However, the correspondence of
their sensitivity to anticancer drugs with that of
particular human tumours has been given insuf-
ficient study. For example, do the osteogenic
sarcomas of Ridgway and Wagner correspond to
human osteogenic sarcomas in their sensitivity to
anticancer preparations ? Which animal tumours
correspond most nearly to gastric cancer and which
are closest to the various histological structures of
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lung cancer ? It may turn out that, in its reaction
to a substance, a tumour of one histological structure
is similar to a human tumour with a quite different
structure. For example, some human tumours-
seminoma, multiple myeloma, Ewing's sarcoma and
cholangiocellular cancer of the liver-are susceptible
to sarcolysin. Among rat tumours used in the
USSR, the most sensitive to sarcolysin is sarcoma 45,
but the effect of sarcolysin on transplantable
seminomas, plasma-cell tumours and cholangiomas
of animals has not been studied.

It would be desirable for special studies to be
made on an international basis of the correspondence
in susceptibility to anticancer substances between
transplantable animal tumours and human tumours.
There is already a great deal of accumulated know-
ledge of the tumour types that are most responsive
to certain drugs-for example, sarcolysin, metho-
trexate, cyclophosphamide and 5-fluorouracil. This
research may make it possible to make recommenda-
tions for the study of a new compound's activity
on definite human tumours on the basis of the
sensitivity of animal tumours as determined in these
investigations. Possibly another result of such
research would be the recommendation to discard
some old strains and to make greater use of others.
The second method is to study the effect of new

substances on primary hetero-transplants of human
tumours to animals, such as hamsters. Tissue and
organ culture methods may also prove valuable, but
human tumour lines that have been serially culti-
vated in vitro may be no better than transplanted
animal tumours because of the changes in their
behaviour during long in vitro cultivation.

It may prove better to use short-term primary
cultures of human tumours taken by biopsy or

during operations. There is already some evidence
of a certain correlation between the sensitivity of
cells of primary cultures of human tumours to
particular substances and the effectiveness of those
drugs in treating the patients from whom the
tumours were taken (Wright et al., 1962). However,
the methods of obtaining primary short-term
cultures of human tumours taken by biopsy or
during operations have still not been developed
sufficiently to enable them to be widely used as
normal laboratory methods, alongside the routine
pathological examination of the tumour material.
Work to devise such methods and introduce them
into the routine of pathology departments should be
speeded up.
Measurements by autoradiography of the differ-

ential uptake by incubating human tumour tissue
of tritium-labelled thymidine have been used to
determine the sensitivity of a particular tumour to
a range of anticancer drugs (Wolberg & Brown,
1962). Studies of this kind carried out on human
tumour specimens taken during biopsy may lead not
only to more rational clinical testing of new sub-
stances but also to the selection from a group of
drugs of the one to which the tumour in a given
patient is most sensitive. It would be hard to
overestimate the new possibilities that will open up
if, after using this technique, it becomes possible to
select with confidence that drug which will have the
maximum therapeutic effect for a given patient.

Every effort must be made to support and develop
research into improving methods of making short-
term, primary cultures, and of making biochemical
assays on human tumour biopsy specimens. The
correlation between these data and clinical response
must also be studied.

FURTHER IMPROVEMENT IN THE EFFECTIVENESS OF CHEMOTHERAPY
OF NEOPLASTIC DISEASES

INTRAVASCULAR ADMINISTRATION

During the past two years, methods of intra-
vascular administration of anticancer drugs have
been widely developed. They consist of two main
methods, intra-arterial infusion and regional per-
fusion.

Intra-arterial infusion

Intra-arterial infusion is carried out through a

catheter introduced into one of the peripheral

arteries. The solution of the drug may be gravity-fed
or pumped. Infusion may be carried out without
interruption for several days or, with interruptions,
for longer periods of time. A method that makes
use of a small osmotic pump has been developed to
permit continuous infusion of anticancer drugs over
many weeks in ambulatory patients (Cox, 1962).
Improvements in the techniques used have made it
possible to carry out intra-arterial infusion in cases
of cancer of various organs, particularly the head,
neck and brain, the liver, and the uterus.
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Since 1961, intra-arterial infusion with metho-
trexate, with simultaneous intramuscular adminis-
tration of citrovorum factor, has been used for
cancer of the head and neck and of the uterus. The
regression of some tumours has been achieved
(Sullivan & Darby, 1961; Stovner, Engseth &
Brennhovd, 1962; Espiner, 1962).
The inclusion of 5-fluorouracil among the drugs

that can usefully be given intra-arterially is an
important new step (Sullivan et al., 1963). It has
been established that not only does the adminis-
tration of 5-fluorouracil not necessarily require the
use of antidotes, but also that, when the intra-
arterial method is used, large doses of the drug can
be tolerated without any marked side-effects
(Johnson, Kisken & Curreri, 1962). Investigations
have already been carried out on the intra-arterial
administration of 5-fluorouracil for the treatment of
cancer of the liver, the stomach (Talley et al., 1963),
the intestines, the breast, the lungs, and the head
and neck. In many cases a certain degree of regres-
sion of tumours has been achieved.

In addition to methotrexate and 5-fluorouracil,
a number of other agents-including vinblastine,
cyclophosphamide, chlormethine oxide, and chlor-
methine-have been administered by intra-arterial
infusion, but there is as yet little information
regarding the use of these drugs (Freckman, 1963).
However, it seems certain that lengthy intra-arterial
administration of anticancer drugs, particularly
5-fluorouracil, has opened up new prospects in the
chemotherapy of tumours, such as metastases in the
liver arising from primary gastric and intestinal
cancer, that have hitherto proved refractory to
chemotherapy.

Regional perfusion
The other method of intravascular administration

of anticancer drugs is by the perfusion of a particular
part of the body or a particular organ isolated from
the rest of the body; this is carried out by means
of the heart-lung apparatus used for extra-corporeal
blood circulation. This method, which was proposed
in 1957, has continued to be used and to be improved
ever since (Golomb et al., 1962). Methods have been
devised for perfusion of the pelvis, lungs, liver and
brain, in addition to the limbs, for which the method
was originally used. The list of perfusion drugs
includes chlormethine, sarcolysin, thiotepa, cyclo-
phosphamide, 5-fluorouracil, and actinomycin D.
In a number of cases, varying degrees of regres-
sion of the tumours have been observed. Some-

times perfusion has made surgical intervention
possible and more hopeful; this has had a positive
effect.

It is believed that the methods of regional per-
fusion and intra-arterial infusion will come to
occupy a definite place in tumour chemotherapy,
especially in treating tumours of the head and neck
and of the extremities.

ATTEMPTS TO ELIMINATE THE SIDE-EFFECTS
OF CHEMOTHERAPY

Intra-arterial administration and regional per-
fusion are undertaken not only to heighten the
therapeutic effect obtained by means of systemic
chemotherapy, but also with a view to avoiding or
reducing the side-effects of the drugs used. For this
latter purpose, other methods also have been studied:

(a) Occlusion of the circulation of the extremities
for the necessary time to protect their bone marrow
from the effect of drugs circulating in the blood.

(b) Reimplantation of autologous bone marrow
and transplantation of homologous bone marrow
after chemotherapy has been carried out (Ionescu
et al., 1962).

(c) The use of chemical substances to " protect'"
the bone marrow and the intestines against the
harmful effects of anticancer drugs.
Although in the past two years individual papers

have been published reporting positive results from
mid-torsal and femoral occlusion of the extremities
and from autologous bone-marrow transplantation
when massive chemotherapy is applied, it is still not
possible to draw any definite conclusions concerning
their usefulness in clinical practice or to recommend
them for extensive use.

COMBINED CHEMOTHERAPY AND RADIOTHERAPY

It may be noted with satisfaction that during the
period that has elapsed since the 1961 meeting of
the WHO Expert Committee on Chemotherapy of
Cancer, the combined use of chemotherapy and
radiotherapy has begun to develop rapidly. An
impetus was given to this development by the
establishment of the fact that halogenated pyri-
midines, particularly 5-iodouracil and 5-fluorouracil,
potentiate the effect of X-rays on biological systems,
including tumours (Allaire, Thieme & Korst, 1961).

In 1960, it was established that 5-fluorouracil
potentiates the effects of X-rays in lung cancer. In
this case a comparatively small dose of X-rays was
used (2000 r) on the tumour, a dose which in itself
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would produce no essential curative effect. 5-fluoro-
uracil alone is also ineffective in most cases of
lung cancer. When combined, the drug plus radia-
tion produced an effect that indicated potentiation
rather than a merely additive effect (Foye et al.,
1960).
During the past two years some authors have

reported cases of lung cancer in which complete
regression was obtained by means of a combination
of radiotherapy and fluorouracil. This method of
treatment has been extended to other tumours,
particularly cancers of the stomach, pancreas, and
oesophagus. In addition to X-ray therapy, cobalt-60
radiation has been used in this research. The
combined use of radiotherapy and 5-fluorouracil is
apparently becoming an important method of
treating inoperable carcinomas of the lung. There
is some suggestion that certain cases of carcinoma
of the gastrointestinal tract, which are refractory to
treatment with ionizing radiation alone, may respond
to combined treatment with 5-fluorouracil.

Recently a study has begun of a combination of
radiotherapy (30% of the usual therapeutic dose)
and other drugs, particularly methotrexate (Condit,
1963) in cases of cancers of the head and neck, and
dimethylurethimine (AB-132) in cases of lung cancer
(Ross et al., 1963); the first favourable results of such
treatment have been recorded, including the regres-
sion of tumours in some of the patients.

There is no doubt that the combination of chemo-
therapy and radiotherapy deserves further intensive
study.

COMBINED CHEMOTHERAPY AND SURGERY

While the combined use of chemotherapy and
radiotherapy has made progress during the last two
years, the same cannot be said of the combination of
chemotherapy and surgery. Study in this field began
in 1956 and 1957, particularly in the USA and Japan.
However, it requires from three to five years to be
able to analyse results and a large number of pa-
tients, who must be divided, preferably by random
selection, into two groups-those given chemothera-
peutic agents and those not given such agents.
The widest study of post-operational chemo-

therapy (chemotherapy as an adjuvant to surgery)
was organized in the USA (Noer et al., 1962). In
operations for lung cancer, chlormethine was ad-
ministered in a total dose of from 0.8 to 0.6 mg/kg.
In cancer of the stomach, breast, and colon and
rectum, thiotepa was used in a total dose of from

0.8 to 0.6 mg/kg (40-50 mg per patient). Injections
were given on the day of the operation and during
the next two days.
As reported to the Eighth International Cancer

Congress in Moscow, the results of post-operational
administration of chlormethine in lung cancer and
of thiotepa in cancer of the stomach and colon
and rectum proved negative. This conclusion was
drawn on the basis of a comparison of the percentages
of four-year survivals among patients receiving and
not receiving chemotherapy. Only in cancer of the
breast did post-operational administration of thio-
tepa lead to a smaller percentage of relapses and
metastases, as compared with that in the group of
patients not given chemotherapy.

However, positive results have been obtained in a
comparative study of post-operational chemotherapy
in cancer of the lung in a number of Austrian
institutes and hospitals (Denk, Karrer & Wurnig,
1962). The drugs used were chlormethine oxide and
later cyclophosphamide. At first it was found that
one to three courses of chlormethine oxide had no
significant effect on the percentage of survivals. How-
ever, when eight courses of chlormethine oxide or
cyclophosphamide were given in the two years fol-
lowing the operation, a statistically significant dif-
ference was obtained between the group given chemo-
therapy and the group not given chemotherapy,
particularly in cases where the operation was carried
out in Stage I.
A comparison of these two research programmes

leads to the conclusion that the negative result
obtained in the USA may well have been due to an
unfortunate choice of drug and the limitation of its
administration to the day of the operation itself and
the two subsequent days. Indeed, it is now clear
that thiotepa is not the most suitable substance for
use in cancer of the stomach and colon and rectum.
The results that have subsequently been obtained
with 5-fluorouracil, which was of course not yet
available at the time that the post-operational
chemotherapy studies began, would make that drug
now the logical choice. It is an interesting fact that
thiotepa, which gave a positive effect in far-advanced
cases of breast cancer, proved capable even in
extremely small doses of reducing somewhat the
number of relapses and metastases after radical
mastectomy. Of course, it can hardly be supposed
that a dose of 50 mg of thiotepa, i.e., roughly a
quarter or a fifth of the normal dose given in a
course of treatment, would be fully effective in view
of the fact that post-operational chemotherapy is

336



PROGRESS IN CHEMOTHERAPY OF CANCER

designed not only to destroy cancer cells circulating
in the blood but also to eliminate metastases that
may already have formed but are not yet clinically
apparent.

True, it was impossible to increase the dose of the
drug administered during the operation and during
the subsequent days, since this might have led to
some post-operative complications, but there were
no obstacles of any kind to carrying out courses of
chemotherapy with a full dose after the post-
operational period had passed.

Thus, the study of chemotherapy as an adjuvant
to surgery has only just begun. The negative results
obtained in the first round of research in the USA
must not on any account be allowed to spread
discouragement or to lead to the conclusion that
post-operational chemotherapy is useless. On the
contrary, this kind of research must be continued
on a wide scale; the experience obtained will make
it possible to correct the errors made and to achieve
better results in the future. International co-opera-
tion in this matter could be very useful.

PRESENT STATUS OF CHEMOTHERAPY IN THE TREATMENT OF SOME FORMS
OF NEOPLASTIC DISEASE

LIST OF STANDARD DRUGS

T'he following drugs are considered standard
drugs that are widely used at the present time:

Alkylating agents
Chlormethine and its variants: Novembichin;

Trimitan (trichloroethylamine)
Chlormethine oxide
Chlorambucil
Sarcolysin and melphalan
Dopan and Uracil Mustard
Cyclophosphamide
Mannomustine
Tretamine (TEM)
Thiotepa
Trenimon and E.39 soluble
Busulfan

Antimetabolites
Methotrexate
6-Mercaptopurine
5-Fluorouracil

Antibiotics
Actinomycin C and D
Mitomycin C

Plant products
Demecolcine
Vinblastine

Hormones
Diethylstilboestrol and hexoestrol
Testosterone propionate
Prednisone and prednisolone

NEW DEVELOPMENTS IN THE CHEMOTHERAPY OF
SOME FORMS OF NEOPLASTIC DISEASE

Until recently, chemotherapy was used only in
the treatment of three groups of neoplastic disease:

(a) diseases of the haematopoietic system, such
as Hodgkin's disease, acute and chronic leukaemia,
polycythaemia vera and lymphoreticulo-sarcoma;

(b) hormone-dependent tumours such as carci-
noma of the breast and prostate;

(c) comparatively rare forms of tumour such as
choriocarcinoma, seminoma, myeloma, Ewing's
sarcoma, Wilm's tumour, and ovarian carcinoma.

It was considered that in the most widespread
forms of human tumour, such as lung carcinoma and
cancer of the gastrointestinal tract and the uterus,
chemotherapy was ineffective and that there were
neither drugs nor methods for treating such neo-
plasms. The most important event of the last two
or three years has been that these carcinomas, in
some countries accounting for 50% of all malignant
tumours, have become to a certain degree accessible
to chemotherapy.

This has arisen mainly because of three circum-
stances:

(a) the discovery of new drugs, particularly
5-fluorouracil and 5-fluoro-2'-deoxyuridine, and
their therapeutic effect in cancer of the organs of
the gastrointestinal tract;

(b) the devising of the method of continuous
intra-arterial infusion of a number of drugs which
has proved an effective mode of administration;

(c) the discovery of the effective combination of
chemotherapy and radiotherapy (additive or even
potentiating effects).
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These features contribute to new possibilities for
the treatment of common forms of carcinoma.

Carcinoma of the gastrointestinal tract

It has been established that objective improve-
ments-partial regression-can be achieved with the
help of 5-fluorouracil and 5-fluoro-2'-deoxyuridine
in 15-20% of cases of gastric cancer, 15-30% of
cases of cancer of the colon and rectum and 40% of
cases of cancer of the pancreas (Ansfield, 1963;
Ansfield, Schroeder & Curreri, 1962; Hurley, 1962).
The regression achieved was mostly incomplete and
repeat courses were needed every month to maintain
the remission. However, it must be remembered
that chemotherapy of these forms of cancer has
usually been undertaken in very advanced states of
the disease, in inoperable patients with multiple
metastases or relapses after surgical operations, in
a condition of intoxication and exhaustion. It is
all the more significant that in some of these cases
of cancer of the pancreas and colon a definite regres-
sion of tumours has been obtained, with remission
lasting one year or more (Sharp & Benefiel, 1962).

Furthermore, it has been established that the
infusion of 5-fluorouracil into the hepatic artery
can cause regression of liver metastases from primary
carcinomas of the stomach and colon (Sullivan et
al., 1963). This is, of course, an important result,
for it is precisely as a result of such liver metastases
that many patients die.

Finally, it has been reported that the effectiveness
of treatment of tumours of the gastrointestinal tract
and of the pancreas can be increased if chemotherapy
is combined with radiotherapy.

Lung cancer

As mentioned previously, it has been established
that a combination of 5-fluorouracil administration
and radiotherapy leads to regression in some cases
of carcinoma of the lung. In the next few years, it
will become clearer to what degree this method of

treatment will improve the prospects for patients
suffering from inoperable forms of lung cancer.

Carcinoma of the cervix uteri
Carcinoma of the cervix uteri, particularly when

diagnosed early, can be treated relatively successfully
by a combination of surgery and radiotherapy.
However, in some cases, particularly when diagnosis
is late, relapses occur or metastases appear. It is
in these particular cases that objective improvements
can be obtained by means of regional intra-arterial
infusion of methotrexate with intermittent intra-
muscular injections of citrovorum factor. Data have
also been published on the regression of metastases
of uterine cancer when other drugs, such as chlor-
methine, 5-fluorouracil, chlormethine oxide and
cyclophosphamide have been injected in massive
dose into the aorta, prior to irradiation (Riebeling,
1962).

Cancer of the oesophagus
The first information has been published on treat-

ment of cancer of the oesophagus by combination
of 5-fluorouracil treatment and radiotherapy and
also by a combination of sarcolysin and demecolcine
administered orally (Larionov, 1962).

Thus, the most commonly encountered carcinomas
have become accessible to chemotherapy. Of course,
the results so far are still comparatively modest, but
then the use of chemotherapy for the treatment of
these forms of cancer is of very recent date. A
preparation like 5-fluoro-2'-deoxyuridine, which
possesses even more valuable qualities than 5-fluoro-
uracil, is at present obtainable only in the USA and
has yet to be made available elsewhere.

There is reason then to hope that when these
drugs are more widely studied, when the methods of
administration particularly regional intra-arterial
infusion-are developed and their effectiveness also
in combination with radiotherapy fully realized,
still more significant results may be achieved.

CONCLUSION

Cancer is an international scourge and although
the geographic pathologists are discovering some

important differences in the patterns of the various
neoplastic diseases in different parts of the world,
there remains enough similarity to more than
justify a combined attack on the problem.

By international co-operation in the search for
new drugs, and in their experimental screening and
subsequent clinical trials, progress in the field could
be speeded up. Improvement in the training of
cancer chemotherapists and of the organization of
chemotherapy in cancer hospitals is very necessary
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and here, too, international co-operation would be
especially valuable in the form of provision of train-
ing facilities in the more advanced countries for those
coming from countries less advanced in this work.

In helping to tackle these serious, manifold prob-
lems, WHO and the more specialized International
Union against Cancer (UICC) will have an increas-
ingly important part to play.

RSUMt

La chimioth6rapie du cancer continue a se d6velopper
le long des voies trac6es. Plusieurs des composes r6cem-
ment decrits comnime m6dicaments anticancereux even-
tuels derivent de m6dicaments connus. Cela est particu-
lierement vrai des analogues de la moutarde a l'azote, qui
comportent maintenant un plus grand nombre d'amino-
acides (cyst6ine, tyrosine, lysine, tryptophane) porteurs
du groupe chloroethylamino, et certains compos6s
groupant dans la meme molecule 1'activite antimetabolite
et alcoylante. Certains nouveaux deriv6s de la moutarde
soufree mis au point en tant que composes virtuellement
actives par les enzymes, ont une vie tres courte in vivo
et peuvent de ce fait pr6senter des avantages pour
l'administration intra-arterielle.
Parmi les autres types d'agents alcoylants, on a mis a

l'etude plusieurs d6rives nouveaux de l'6thyleneimide;
un nouvel epoxide (l'ester triethyleneglycoldiglycidyl) est
soumis A des essais cliniques.

Plusieurs nouveaux d6rives de la purine ont ete etudies,
en particulier dans le but de surmonter la r6sistance aux
medicaments. C'est ainsi que les d6rives cyclo-9 pentyl
et cyclo-9 hexyl de la 6-mercaptopurine se sont montres
tous deux actifs sur les cultures de tissus provenant de
lignees cellulaires resistantes A la 6-mercaptopurine elle-
meme.
Un certain nombre de composes contenant de l'azote,

qui n'appartiennent pas aux groupes precedents (en
particulier les terephtalanilides et les methyl-aryl-
hydrazines) ont 6t6 soumis A des essais cliniques.

Les auteurs mentionnent brievement la preparation,
sur le cheval, d'une gammaglobuline hyperimmune, qui
possederait une activit6 anti-leuc6mique.
Le probleme de l'essai biologique des nouveaux

m6dicaments et celui de la standardisation des methodes,
pierres d'achoppement de la chimiotherapie du cancer,
sont longuement discutes.

I1 existe un certain nombre de techniques qui toutes
permettent de montrer qu'une nouvelle substance est

(xactive *, mais on ne dispose encore d'aucun moyen de
savoir, d'apres les experiences, quelle forme de n6o-
plasme humain serait le plus sensible a cette substance.
Huit ans se sont ecoul6s, par exemple, entre la d6couverte
de F'activite des substances antifoliques sur la leuc6mie
aigue, et la determination de l'activit6 therapeutique de
ces memes medicaments dans le chorioepith6eiome. La
relation entre la sensibilite aux medicaments des tumeurs
experimentales de l'animal et celle des tumeurs humaines
doit faire l'objet d'etudes intensives. Le recours a des
cultures primaires de tumeurs humaines, obtenues par
biopsies, ou au cours d'op6rations chirurgicales, est
egalement discute.
La perfusion intraarterielle est une voie d'administra-

tion des m6dicaments qui provoque une reponse plus
active des tissus au m6dicament. La perfusion de metho-
trexate dans les tumeurs de la tete, du cou et de l'uterus,
a ete amelioree par l'injection simultan'e du facteur citro-
vorum, qui protege l'organisme contre les effets secon-
daires du m6dicament. Le 5-fluouracile a 6t6 administr6
selon cette technique dans le traitement du cancer du
foie, de l'estomac, du sein et des poumons. On s'est
beaucoup occupe de ce que l'on croyait etre la poten-
tialisation du 5-fluouracile par les rayons X. On a pre-
tendu que c'etait un traitement efficace de certains cas
de cancer du poumon. Les r6sultats de la chimioth6rapie
utilis6e comme adjuvant du traitement chirurgical ont
et6 le plus souvent negatifs. Cependant, on a quelque rai-
son de penser que l'administration de thiotepa en relation
avec la mastectomie, l'emploi de l'oxyde de chlormethine
et de la cyclophosphamide, ont quelque justification. Les
recherches doivent se poursuivre.

I1 y a peu de temps encore, la chimiotherapie se limitait
au traitement des maladies du systeme h6matopoi6tique,
mais maintenant, de nouvelles m6thodes d'administration
ont permis le traitement efficace, partiellement au moins,
des carcinomes du tractus gastro-intestinal, des bronches,
du col de l'uterus, et de l'cesophage.
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