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COMBINED CANCER CHEMOTHERAPY AND RADIOTHERAPY IN THE TREATMENT
OF HUMAN CANCER*
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TABLE l. SEQUENCE OF EVENTS IN RADIATION RESPONSE

phosphate (Synkavit, Roche). a water-soluble compound
of low toxicity administered by intravenous route, appears
to be the best chemical radiosensitizer. These authors state
that 'mitotic inhibition' is probably not the only factor
involved, neither is it the most important factor to be
considered.'

Mitchell et al!'u have published numerous reports on the
radiosensitizing action of Synkavit on animal tumours as
well as reports on clinical trials with this agent. Recently,
at the First International Symposium on Radiosensitizers
and Radioprotective Drugs, held at Milan (1964)," Pro­
fessor Mitchell gave an interesting account of their clinical
studies with Synkavit. In a randomized trial of inoperable
carcinoma of the bronchus their patients were divided into
4 groups. These groups were: (1) intravenous Synkavit and
X-ray therapy-83 cases, (2) oxygen, intravenous Synkavit
and X-ray therapy-69 cases, (3) intravenous compound 28
[2,3-dimethyl-1 :4-naphthaquinol bis-(disodium phosphate)]
and X-ray therapy-57 cases, and (4) oxygen and X-ray
therapy-60 cases. The best survival curves were seen in
the group that received intravenous Synkavit before radio­
therapy, and oxygen inhalation before and during the
X-ray therapy. Lowest survival curves were seen in the
group receiving oxygen and X-ray therapy. Assessment.
however, has not yet been completed. Reports by Deely"
and Konecny," in 1962, have confirmed the clinical re­
sponse in the treatment of bronchus carcinoma with
Synkavit combined with X-ray.

The Cambridge workers have attempted to develop a
radioactive drug for treatment of neoplastic disease.
Studies on the selective concentration of Synkavit in
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The most important problem in combining two forms of
treatment is to ensure that the combination, which usually
involves decreasing the dosage of both forms of treatment,
is more effective than maximum tolerated doses of each
moiety on its own. The only acceptable proof is the
clinical result which is achieved. We will, therefore,
attempt to summarize some of the results achieved by
combined cancer chemotherapy and radiotherapy.

Combined radiotherapy and chemotherapy give the best
results in the treatment of advanced cancer of the stomach,
pancreas, ovary, head and neck, and lung, as well as in
nephroblastoma, malignant melanoma and malignant
mesothelioma. This is quite apart from the very long list
of advanced neoplasms such as breast cancer and the
reticuloses, where both radiotherapy and chemotherapy
are used, often together, in a simple additive fashion.
These combination treatments have been developed only
within the last few years. Except in the treatment of
retinoblastoma, combined radiotherapy and chemotherapy
are used almost exclusively for advanced cancer with
metastases and never as a substitute for curative surgery
or curative radiotherapy.

Since the discovery of the damaging effects of ionizing
radiations on cancer cells, attempts have been made to
increase the radiation curability of malignant neoplasms
by the simultaneous administration of various agents.

At the present time the emphasis is on therapeutic
synergism. For purposes of discussion we can include
potentiation, sensitization and augmentation as synony­
mous with synergism, that is, response greater by combined
treatment than could be predicted from doses of the
individual agents alone. The problem of modification of
the radiation response in human cancer therapy is complex,
because we are never concerned with a single response,
such as cancerocidal effect, but always with an interrela­
tionship of responses-the total host-tumour response.

Table I illustrates in schematic fashion the sequence of
events in radiation response.' The synergistic effect of
oxygen may act at step 3. In step 4 the presence of oxygen
may also augment radiation response. Despite the fact
that step 5 is the least clearly defined in the mechanism of
radiation response, this is nevertheless the area where most
clinical attempts at modification have been tried, for, pre­
sumably, this is also the point where anticancer agents act.

Synkavit
The most stimulating studies on the therapeutic modifi­

cation of radiation response have been those of the
Cambridge University research workers under Prof. J. S.
Mitchell. Since 1946 they have examined about 170
compounds for use as radiosensitizers.' Compound I, the
tetra-sodium salt of 2-methyl-l : 4-naphthohydroquinone di-
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tumour cells suggested the possibility that the incorporation
of tritium into the Synkavit molecule might have promising
therapeutic possibilities."'''' Marrian et al.'· devised a
method of tritiation which has yielded more reliable
preparations. One of these more reliable agents, TRA 72,
has produced useful clinical palliation in 12 out of 46
seriously ill patients.

A tritiated Synkavit of even higher specific activity has
been prepared, namely TRA 119,'· and in the British
Empire Campaign's Annual Report in 1962, Professor
Mitchell reported on the use of this agent in 33 patients
with advanced neoplastic disease."""

It was found that in most tumour cells compound TRA
119 is present in the cytoplasm and perhaps within the
substance of the nuclear membrane; in some cells there
was a concentration around the nucleoli, sometimes to a
high degree.'" It is important that autoradiographic studies
showed no uptake by sternal marrow of TRA 119, and no
appreciable change in the blood picture. However, a few
rare unidentified cells were found in the bone marrow of
some cases.'"

Colchicine
Colchicine, combined with radiotherapy in the treat­

ment of malignant disease, has been used by various
authors."'''' The lack of adequate controls complicates the
evaluation of results. There appears to be no conclusive
evidence that colchicine is of any practical value as a
radiosensitizer.

A less toxic derivative of colchicine, N -deacetylthio­
colchicine, has also been used in combination treatment."
Tarnowski and co-workers (1958)" found no significant
increase in tumour regression in experimental animals
with this combined method. Italian workers reported on
100 cases of radio-resistant human tumours treated with
2.000 - 3,000 rads plus various mitotic inhibitors (30 cases
with colchicine, 30 cases with colchicine derivatives, 20
cases with podophyllin derivatives and 20 cases with ethylic
urethan). They claim some regressions without important
radiation damage in patients treated with colchicine and
X-ray therapy"·

Alkylating Agents
The effects of alkylating agents resemble those of ioniz­

ing radiations in many respects. However, there are
definite differences in both the chemical mechanisms of
action and the cytological effects of radiation and alkylat­
ing agents, and therefore Bane et al. (1957)37 feel that the
possibility exists that combinations of ionizing radiation
with alkylating agents may produce not only additive but
also synergistic effects by interfering with cell division in
more than one way.

Some authors report remissions in lung cancer which
they ascribe to the combination of nitrogen mustard and
X-ray therapy.3S·" Many authors, however, find that c1ini­
ca I results are not superior to those obtained with radiation
alone."'" Regional intra-arterial application of nitrogen
mustard and simultaneous radiation give good tumour
regression in patients with carcinoma of the oral cavity."
Beneficial effect in spinal cord tumours from combined
therapy are higher than from radiotherapy alone."

When a combination of TEM and radiotherapy is used
for the treatment of retinoblastoma, the cure rate has

been greatly increased over that with radiotherapy
alone.""" The results, however, of a combination of TEM
and X-ray therapy for lung cancer have shown only more
tumour destruction."

Chlorambucil in combination with radiotherafJY has
given some encouraging results in ovarian"'" and endo­
metrial carcinoma."

ThioTEPA in combination with radiotherapy has also
given good results in ovarian carcinoma."'" Results in
bronchogenic carcinoma have not been improved."

Chevalier et al.59 discuss experimental and clinical find­
ings on the combination of radiation and cyclophospha­
mide. They conducted clinical trials on bronchial tumours,
and although they observed a summation of effect, there
was no therapeutic difference. In the treatment of child­
hood neuroblastoma with cyclophosphamide plus radio­
therapy, Kontras and NewtonOO report better response in
all of their 4 patients treated in this way, than in 9 other
patients who did not receive combined treatment. Although
there are several reports in the literature on the use of
cyclophosphamide in combination with X-ray therapy,"'"
no evidence is presented that this agent is a radiopotentia­
tor or radiosensitizer. We have found that cyclophospha­
mide does not act as a radiopotentiator or radiosensiti­
zer.65

, .. When a localized area of bone or skin metastases is
having radiotherapy for symptomatic relief, we have
found it useful to combine the radiotherapy with cyclo­
phosphamide therapy if the patient is suffering from
generalized malignancy, e.g. breast cancer with metastases,
but then each agent acts on its own; there is no
potentiation.

AB-132, in combination with radiotherapy, reduces the
size of the tumour in bronchogenic carcinoma in 4 out of
5 patients,·' and in the treatment of 15 patients with
carcinoma of head and neck better results were obtained
than with either form of treatment alone." At the present
time alkylating agents such as cyclophosphamide and
chlorambucil plus radiotherapy can be considered the
treatment of choice in advanced ovarian cancer.

Antibiotics
Farber··'" maintains that most patients with Wilm's

tumour are now treated with consistent success by the
combination of Actinomycin D and radiotherapy. Several
clinical reports dealing with the radiopotentiating effect
of Actinomycin D have appeared by D'Angio and
co-workers,"'" Tan et al.,'· Altman," Kirkpatrick et al.,'"''''
and Clark et al.51

,52 Griem and RannigerS3 reported on their
preliminary clinical findings at the First International
Symposium on Radiosensitizers and Radioprotective Drugs
at Milan. Some unexpected responses are seen in patients
with multiple myeloma. The skin and mucous membrane
of some patients show an enhancement and acceleration
of the normal reactions to X-ray therapy after combined
treatment.... Actinomycin D may reactivate latent radiation
responses within skin returned to normal appearance after
previous radiotherapy.

Other antibiotics that give improved clinical results
when used in combination with radiation are: Chromo­
mvcin.'" the Russian antibiotic Aurantin," and Mitomycin
C."' We have not observed radiopotentiation with Chromo­
mycin.88
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TABLE 11. STOMACH CANCER: OBJECTIVE REMISSION RATE

beginning of 1964 we have been conducting clinical trial
in an attempt to determine the value of this agent com­
bined with radiotherapy in the management of cancer of
the bronchus. So far encouraging result have been
obtained.

At the 56th Annual Meeting of the American Asso­
ciation for Cancer Re earch. held in April 1965, Moerte!.
Reitemeier. Childs, Holbrook, and Colby,'" of the Mayo
Clinic at Rochester, in a double-blind comparison of
upervoltage radiation therapy alone and combined with

5·ftuorouracil, confirmed our observations that combined
therapy of gastric carcinoma resulted in a significant pro­
longation of survival time. (See also Table Ill.)

Since the growth of normal squamous (or columnar)
epithelium was seriously impaired by the administration
of FU. it seemed logical to a ume that rapidly growing.
anapla tic carcinoma of quamous cell origin might

Fluorinated Pyrilllidines'
Since the original paper by Heidelberger and co­

workers in 1958'''' on the creening of fluorinated pyrimi­
dines, and their demonstration that the combination of FU
and X-ray therapy was superior to either agent alone
against sarcoma 180 and adenocarcinoma 755, various
scientists have done work on the combined effects of
halogenated pyrimidine and ionizing radiation. Vermund
el al."" confirm the findings of Heidelberger and his co­
workers. They found that combined therapy in the treat­
ment of spontaneous mammary calcinomas in mice was
better than when either agent was used on its own. Bag­
shaw'Oti demonstrated the same efftct on cells grown ill
vitro. B. E. Hall, who first reported (l959) at a fluorouracil
symposium in Madison on the excellent antitumour effects
of combined X-ray and 5-fluoroLiracil therapy on primary
bronchogenic carcinoma, ubstantiated the observation
of Heidelberger et al. and Vermund el al. His enthusiastic
reports have stimulated many other to carry out clinical
trials on combined therapy with these two agents.

In February 1960 Falkson and Snyman'" reported their
experience with the first two patients to receive this, then
undescribed. form of treatment, namely 5F plus radio­
therapy in the treatment of cancer of the tomach. Both
the e patients showed a good objective re pon e. 1n 1961
Fichardt and Jacobs recorded their experience in the
treatment of 57 cases of advanced cancer of the stomach
treated with combined 5FU and telecobalt therapy, with
encouraging results. Three subsequent publications by our
group'''·,"9 contain the largest series of cases of stomach
cancer treated by this method. The skin changes occurring
a a result of the combined 5FU and radiotherapy were
described by Falk on and Schulz in 1962.""

Table II shows the results obtained by combining ade­
quate doses of 5F with radiotherapy.

4/6
2/3
3/4
5/10

66/121

5FU + irradiationAlIIhor 5FU alone

Hall and Good'l6 (San Francisco) 1/2
Korsl and A1laire ll ' (Ann Arbor) 1/4
Langdon el alYo (Univ. California)
Sklaroff58 (Philadelphia)
Falk on el al. 10' -, to (PretOria) 3/18

Ro.J-6.J67
AI pha-(2-meth yl hyd razino)-p- tol ua m ide hyd roch loride.

(Natulan, R04-6467) is a synthetic derivative of methyl­
hydrazine which has proved to be of value in the treat­
ment of Hodgkin's disease."·]O\

Falkson and Jacobs'''' published the first report on this
agent recording its clinical value as a radiosensitizer. We
now find this agent to be of value as a radiosensitizer in
patients with malignant mesothelioma and malignant
melanoma, and are continuing these investigations. One of
our patients was a man with radio-resistant cancer of the
penis who had developed advanced ulcerating inguinal
metastases. These lesions are now under complete control
following Natulan treatment with concomitant radio­
therapy. Brule el al.'03 have reported that atulan is of
value in the treatment of bronchial cancer. Since the

M iscel/aneous Compounds
Many agents in combination with X-ray therapy in the

treatment of human cancer have been used with equivocal
result. Sometimes the agents are used because of some
vague preconceived hypothesis as to the pos ible mecha­
nism of modification of radiation response; often they are
u ed on a purely empirical basis. Schwartz et al.," at the
University of Minnesota, investigated the possibility of
porphyrins as modifiers of the effects of X-ray therapy.

Loken"" states that several considerations made it con­
~eivable that the haeme enzyme metabolism of tumours
might have a modifying effect on the action of ionizing
radiation. The published review shows that one-third of
the patients had a greater response. Japanese workers
report better clinical response in 46 patients with various
types of malignant disea e, treated with X-rays combined
with mercury haematoporphyrin:' and Ogata'l report
response in 3 cases of lung cancer treated with "'Co +
mercury haematoporphyrin. Mack et al."' report good
response in some patients with cervical cancer treated with
this combination.

At the First International Symposium on Radiosensi­
tizers and Radioprotective Drugs held at Milan, several
papers were read by ltalian workers on the use of sodium
cyclohexanol succinate CRadioplex') in combination with
radiotherapy. Lamberts,'" however, failed to show any
sensitizing or protective effects with this agent.

Baclesse and Delap!ace," at the Foundation Curie, in
Paris. used intratumoural cesium eosinate as radio ensitizer
and they reported a favourable response in 30 out of 65
patients with various malignancies.~"" These workers al 0
used another substance, Glyoxal (a polycarbonyl com­
pound) intravenously; this they found rather toxic. They
also found great individual variation in response to radio­
sensitizing substances, which could not be correlated with
histologic type or with the extent of the tumour.95

Hydrogen peroxide has been used in combination with
X-ray therapy as a source of oxygen in the treatment of
carcinoma of the head and neck by workers at the Baylor
University, Texas."" !LO, used as an ointment permitted a
reduction of radiation dose of 1.000 - 1,500r in the treat­
ment of skin cancer in 106 cases" Workers at the Roswell
Park Memorial Institute failed to show any enhancement
of radiation by the use of H,O, in a group of animal
experiments.9S

J
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absorb enough FU to interfere with the metabolism of
individual tumour cells, even though not in a sufficiently
high concentration to produce tumour cell death, thus
making them more susceptible to the cancerocidal effects
of ionizing radiation. In initial studies to test this hypo­
thesis, Hall et af. IJ'-II' and Foye el af.''' treated patients

TABLE Ill. REPORTS OF SUPERIOR EFFECT OF 5FU COMBINED WITH
RADIOTHERAPY IN TREATMENT OF HUMAN NEOPLASMS

Tumour
AUlhor

Bronchus Head and neck Bladder
Hall el al. (1959, 1960, 1962) T +
Foye el al. (1960) T +
Korst el al. (1961) +
Langdon el al. (1963) 0
Sklaroff (1962) 0
Crews (1961) .. 0
Frank el al. (1961, 1962) +
Griffing et al. (1961) .. +
Woodruff et al. (1962) +
Brady el al. (1963) +
Hosley el al. (1962) .. 0
Schlosser (1962) + + +
Helsper & Sharp (1962) +
Bagshaw (1961, J963) + +
Howe et al. (1964) +
Wisconsin group (1964) + +
T. C. Hall (]964) Different dosage schedule

0

with inoperable squamous cell carcinoma of the lung and
of the head and neck, simultaneously with FU and ortho­
voltage irradiation to estimated tumour doses of no more
than 2,000r. Unusually rapid rates of tumour regression
were observed in almost all cases leading to the postula­
tion that there was either an additive effect when the two
modes of therapy were used simultaneously or one mode
of therapy potentiated the antitumour effect of the other.
Subsequently it was learned that more effective palliation
often could be obtained by combined therapy in patients
with tumours susceptible to FU alone, when there was a
specific target in need of radiation.

Hall and Good"6 report their experience in 223 patients
with advanced cancer of whom 72 were treated with FU
alone and 151 with combined therapy. The authors found
radiotherapy combined with FU useful in the treatment
of certain metastatic lesions in the lungs and for the relief
of pain and/or obstructive symptoms caused by recurrent,
inoperable growths in which full doses of radiotherapy
could not be given because of the previous administration
of X-ray therapy. They observed remissions with the
combined method of treatment particularly in recurrent,
inoperable, previously irradiated carcinomas of the head
and neck. Unusually rapid regression of the primary focus
may be observed when the combined method of treatment
is used in carcinomas of the lung and oesophagus. but pro­
longed remissions are seldom obtained because of the high
and relatively rapid rate of local recurrence, especially
with carcinoma of the oesophagus.

Korst el af.,'''·l1' from Ann Arbor, report on a series of
106 patients with various malignancies. In 53 patients FU
was administered alone and in 32 FU was administered in
combination with X-ray therapy; in 2 I the results could
not be evaluated. They obtained encouraging palliative

results with combined FU and X-ray therapy in gastro­
intestinal and pulmonary neoplasms.

A limited randomized study in the treatment of in­
operable bronchogenic carcinoma. by Ansfield and co­
workers in Wisconsin/" suggested that the combination of
FU plus radiotherapy resulted in an increase in the
average survival time when compared with that attained
with radiation alone. Of the 13 patients receiving FU
combined with supervoltage therapy, the average survival
time was 15·7 months; of 13 receiving supervoltage alone,
the average survival time was 6·2 months. All survivals
were calculated from the onset of therapy. Advanced
head and neck carcinomas appeared to respond better to
combined therapy than to radiotherapy alone in a non­
randomized group.

Langdon et af.,"'" from the University of California,
reported on 99 cases of solid tumours treated with com­
bined radiotherapy and FU, or Actinomycin D, or Mito­
mycin C or Leukoran. They observed no significant
difference in response in their 47 cases of bronchogenic
carcinoma. Seven cases of gastric adenocarcinoma are
included in their series. In 3 of the 4 who reached the
significant level of dosage combination 'good' or 'excel1ent'
results were achieved. They also published a report on
side-effects encountered with this method of treatment,'"
and concluded that gastro-intestinal toxicity and haemato­
poietic responses were most important and of the highest
incidence.

Sklaroff," from Philadelphia, reported his experience
with chemotherapy and telecobalt therapy at the Interna­
tional Cancer Congress in Moscow in 1962. Of the 30
patients with carcinoma of the colon, 25 received combined
treatment; and of these an objective response lasting 3
months occurred in 9 patients. Seven patients showed an
objective response lasting 6 months or more. Of the 30
patients with advanced inoperable lung carcinoma, 18
received combined therapy; 10 showed improvement
lasting 2 - 10 months.

Friedman,""'" from New York, reports on 40 patients,
most with multiple lesions, who received supervoltage
therapy (± half the usual tumour dose or, if the tumours
were very large, 5,OOOr) plus intravenous FU. He con­
cludes that: 'Some cases demonstrated that radiation
unquestionably enhanced chemotherapy; some cases
showed that chemotherapy probably enhanced radiation.'

Crews,'" from Los Angeles, reports treating 33 patients
with advanced solid malignancies. He found that the effect
on the gastro-intestinal tract was greater than for radio­
therapy alone. 'Good' palliation was noted in one-third of
the patients, 'poor: pal1iation in another third, and 'no
effect' in one-third.

Frank and co-workers,''5-m from the WaIter Reed
Hospital, Washington DC. state that they administered FU
concomitant to radiotherapy of the tumour in 26 patients
with a variety of malignancies, mostly lung cancer. In 10
of the 26 patients there was reduction of toxicity, but
retention of antitumour activity.

Gritting el af.,'" from Baltimore, reported on 25 patients
treated with FU. before the daily dose of radiotherapy.
Woodruff el af.,'" at the RosweIl Park Memorial Hospital,
treated 17 patients with infiltrating transitional cell car-
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cinoma of the urinary bladder; 14 received F and
concomitant X-ray therapy, 3 received FU and non­
concomitant X-ray therapy. Regression was observed in 6
patients. Brennan el al."" tatc that it is possible that
radiation may interfere with the response of bladder
carcinoma to FU.

Brady and Gislason,'" of the Hahnemann Medical College.
Philadelphia. report that treatment with FU just before
supervoltage therapy of 49 patients with bladder carci­
noma, significantly increased unfavourable reactions in 5
of the patients.

Hosley et al.,'" at Roswell Park Memorial Hospital, did
a controlled pilot study of combination radiation-drug
therapy in bronchogenic carcinoma. The median survival
time in this group was found to be the same for the
treatment group and the control group.

Schlosser,51 from the Department of Radiotherapy.
Tulane University, New Orleans, after 3t years of experi­
ence with various chemotherapeutics in 394 patients, found
that the combination of FU and radiotherapy appears to
offer the broadest spectrum of effectiveness of all the
agents they have tested so far. A good response was seen
in carcinoma of the bladder. The FU combination with
radiotherapy also appears to offer some promise 10

bronchogenic carcinomas.
Von Essen et al.,""'" of the Yale University School of

Medicine, studied the effects of FU and X-ray therapy,
separately and in combination, upon multiple metastatic
tumours within individual patients. Fourteen patients satis­
fied their criteria for a controlled study. In 4 the effects of
irradiation alone were greater than the combination, in 4 the
effects were equal, and in 6 the effects of irradiation were
less than those of combination therapy. These workers
observed the same type of enhanced reaction in previously
irradiated skin that we had reported in 1962."0 These
workers felt that their study failed to demonstrate a signi­
ficant alteration in the tumour response by the addition of
FU to X-ray therapy.'" They have also used IUDR, and
reported on 9 patients'" that there was an increased effect
over X-ray therapy alone.

Sharp and Benefiel,136 from Pasadena, California, re­
ported on 13 cases of colon-rectum carcinoma of whom
7 received FU and concomitant telecobalt therapy.

Several patients showed marked synergistic effects with­
out apparent increase of toxic effects. Helsper and Sharp
also treated 8 cases of inoperable carcinoma of the
bronchus with combination of FU and telecobalt
therapy; '" 5 controls received telecobalt therapy alone.

The length of remission in those patients treated with
combination therapy and weekly maintenance dosage of
FU, according to these workers, was approximately 3
times that of patients treated with telecobalt therapy alone.
It would appear that the average survival statistics may
also be greatly enhanced for those treated with combina­
tion therapy. They felt that there seemed to be a definite
ynergistic effect of telecobalt therapy and FU on broncho­

genic carcinoma. The patients treated in this series received
not only the maximum tumour dose of radiotherapy, but
also a toxic dose of FD. The synchronization seems to
result in an increased radiosensitivitv.'31

Bagshaw,'''·'38 of the Stanford 'University, California.
treated IS patients with a variety of malignancies (mostly

bronchus or head and neck) with FU combined with
radiotherapy. In 7 of the patients lLJmours regre sed more
rapidly than was expected.

Huwe. Fletcher and co-workers.": from the Texas nl­
versity, Houston. report doing a double-blind study on 21
patients with advanced squamous cell carcinoma of the
pharynx. They conclude that the combination appeared to
increase the rate of regres ion of the primary lesions, but
did not increase either permanency of the control of the
primary or the patient's survival.

Field,'30 from the Institute for Cancer and Leukemia
Research, Los Angeles. reports on experience gained over
2-} years in 139 patients of whom 7 received combined
X-ray therapy and FU for lung carcinoma. Three of the
7 patients had remissions for longer than 6 months.

Hall.'''' from Boston, reported on a controlled trial by
the Eastern Solid Tumour Chemotherapy Corporation at
the First International Symposium on Radiosensitizers and
Radioprotective Drugs. He found no evidence of additive
or synergistic effects for both FU and Actinomycin D in
this study, but he used only very small doses of 5FU and
radical radiotherapy.
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