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was that 1 rad of irradiation produced approximately 1-6
cases of leukaemia per million persons per year.
Thus a clear link has been established between leukaemia

and irradiation from large-scale studies of x-ray therapy, of
diagnostic radiography during pregnancy, and of exposure
to the atomic explosions in Japan. Because of the considerable
methodological problems it is not surprising that the effects
of diagnostic x-rays in adults have been studied only to a
limited extent. In 1962 Stewart and her colleagues6 pre-
sented details of previous x-ray examinations in 963 cases
of adult leukaemia, 60 of lymphosarcoma, 951 of other can-
cers, and 974 controls. The data were examined in sets of
three (leukaemia, cancer, control), each member of the trio
being matched for age, sex, district, and interviewer. An
excess of radiographs of the trunk was noted in the eight
years before the diagnosis of myeloid leukaemia. No excess
was noted in lymphatic leukaemia, and it was estimated
that about 8% of leukaemias other than the lymphatic type
in adults were caused by diagnostic x-rays.
A further study has now been reported7 in which pre-

vious diagnostic irradiation in 1,414 cases of adult leukaemia
(of which 590 were myeloid or monocytic) was compared
with that in 1,370 adults selected as controls from the same
parts of New York State, Minneapolis, and Baltimore, as
the cases. Details of x-ray exposure were obtained by more
thorough methods than in the previous study, information
from the patients or their relatives being supplemented by
a search of the records of all physicians and hospitals
attended by the patients. Diagnostic x-rays, particularly
those of the trunk, were found to increase the risk of both
acute and chronic myeloid leukaemia in males but not in
females. The relative risk of the chronic type for males ex-
posed to 11 or more trunk x-rays rose from 2-22: 1 to
7-14: 1 for exposures of 41 or more. The corresponding
risks for acute myeloid-monocytic leukaemia were 1-36: 1
and 5*06: 1 respectively. It was estimated that 8-8% of
cases of chronic myeloid leukaemia in males might be at-
tributable to exposure to 21 or more diagnostic x-ray ex-
aminations.

This finding of a sex difference in the effects of radiation
is in keeping with the greater increase in incidence in males
than in females among the survivors of the atomic explo-
sions in Japan, especially in the high-dose groups. No such
difference was reported by Stewart and her colleagues in
their study of adult leukaemias, while there were too few
females with ankylosing spondylitis in Court Brown and
Doll's study for a reliable comparison to be made. On pre-
sent evidence the finding appears real, though unexplained.
In this respect it is of interest that in one strain of mice8
the males developed a higher incidence of leukaemia than
the females after both had received the same amounts of
irradiation.
The two studies by Stewart and Gibson and their col-

leagues suggest that, though diagnostic irradiation may be
responsible for only a small proportion of all chronic mye-
loid leukaemia, nevertheless the actual number of cases is
large enough to be important.
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Immunochemotherapy of
Cancer
The use of non-specific cytotoxic drugs in the treatment of
patients with cancer has the intrinsic drawback that normal
cells in the process of dividing are as susceptible to their
lethal action as dividing cells in cancers. Cel proliferation
in tissues such as the bone marrow and intestinal mucosa
may be more active than in cancerous tissues, and the need
to preserve the vital tissues reduces the maximum tolerated
doses of drugs of this kind to below those necessary to de-
stroy the cancer.
The possibility of overcoming this limitation by designing

cytotoxic drugs that act specifically on cancer cells has in-
spired a variety of research approaches during recent years.
Thus, attempts have been made to prepare cytotoxic drugs
with short half-lives suitable for direct injection into arteries
supplying cancers, in the hope that no drug would spill over
from the area of the cancer to destroy normal tissues.
Another idea has been to exploit the low pH which is charac-
teristic of certain neoplasms as a consequence of the accum-
ulation of lactic acid by glycolysis.' Similarly, the existence
of differences in oxidation potential between normal and
neoplastic cells has led to attempts to develop tumour-
specific cytotoxic drugs.2 The possibility of attaching cyto-
toxic drugs to chemicals required more by tumour cells than
by normal cells has been explored in several ways. But none
of these efforts has been rewarded by outstanding clini-
cal success.
A serious difficulty may be that no two cases of cancer

are exactly the same, for each case of cancer is an expres-
sion of a war between a uniquely individual patient and a
uniquely individual cancer. An important part of the in-
dividuality of both the patient and his cancer is expressed
in terms of antigenic composition. The report by Professor
T. Ghose and his colleagues elsewhere in this issue of the
B.M.Y. (page 495) describes attempts to exploit the anti-
genic specificity of a particular type of cancer by attaching
a cytotoxic drug to the corresponding tumour-specific anti-
body.

Firstly, they report the complete regression of a trans-
planted tumour in a genetically pure strain of mice in re-
sponse to treatment with a cytotoxic drug chlorambucil
bound to tumour-specific antibody. In the same circum-
stances untreated mice all died, and treatment with unbound
chlorambucil, with tumour-specific antibody alone, or with
chlorambucil bound to normal rabbit globulin did not in-
hibit the tumours. Secondly, they record the long and com-
plex history of a patient with disseminated melanoma who,
having ceased to respond or having failed to respond at all to
a variety of other treatments, showed a distinctly favourable
treatment with anti-melanoma globulin combined with
chlorambucil.

Unquestionably the report by Professor Ghose and his
colleagues is important and it will stimulate many to try to
confirm the value of the approach. But it is certainly too
early to know whether their findings are destined to revo-
lutionize the prospects of patients with malignant mela-
noma, or to know too whether they have opened the way
to the development of new and more successful methods of
treating patients with cancers of other kinds. As the authors
themselves point out, malignant melanomas figure promi-
nently in the list of neoplasms for which there are reports
of so-called "spontaneous regression." Many such cases are
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really examples of "unexpected" rather than "spontaneous"
regression34 insofar as regression followed treatment con-
sidered on the basis of general experience to be "ineffec-
tive." The present case may fall into this class-or it may
not. Another possibility is that the patient was fortunate in
having an unusually strongly antigenic tumour or that his
cancer was unusually homogeneous in its antigenic compo-
sition.
The choice of chlorambucil was based on the knowledge

that its alkylating activity was not lost when it became
bound with tumour-specific antibody. It was also known that
the ability of the antibody to combine selectively with the
appropriate antigen was retained after binding. It is not cer-
tain to what extent the same would hold for combinations of
other cytotoxic drugs with antibodies to tumours of other
types. Moreover, there is a need to know more about the
mode of action of the antibody-chlorambucil combination on
tumour cells and why, if the alkylating moiety of the com-
bination is as active as that of chlorambucil itself, there was
no evidence of systemic toxicity in the case reported. The
results of the mouse experiment go some way to en-
couraging the belief that the antitumour activity of the
chlorambucil-antibody combination is specific, but it must
be on the basis of studies on disseminated cancer in man
that the final judgement is made. Answers to these and
other questions will be awaited eagerly. Meanwhile, all of us
will hope that the report by Ghose and his colleagues will
prove to be a significant step forward.
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Tetracyclines for Malaria
Recent reports on the treatment of malaria by tetracycline
indicate that some therapeutic conclusions reached 20 years
ago may be revised in new circumstances. A field trial car-
ried out in Thailand,' where chloroquine-resistant falci-
parum malaria is fairly common,2 indicates that a combina-
tion of quinine and tetracycline produced a radical cure in
97% of the patients, while a "standard" three-days treat-
ment with quinine and chloroquine was successful in only
42% of cases.

Attempts to assess the value of antibiotics for treatment
of malaria go back to the 1950s, when, after animal experi-
ments showed that chlortetracycline had some antimalarial
effect, a trial of this compound on 10 volunteers infected
with Plasmodium vivax gave evidence of a slow but definite
therapeutic action.3 This was not unexpected, since many
antibiotics inhibit the synthesis of protein or nucleic acid.
While such observations extended still further the wide
spectrum of activity of tetracyclines, the general opinion
was that "to rely on antibiotics for the treatment of P.
falciparum infections might reasonably be held to be serious
malpractice and to endanger the life of the patient."4 But
during the past five years the problem of resistance of
P. falciparum to 4-.aminoquinolines, among which chloro-

quine is the most useful and reliable compound, has led to
the re-examination of the value of many drugs previously
rejected because of their less satisfactory performance. An
excellent example of this therapeutic "court of appeal" is
provided by the sulphones and sulphonamides given to-
gether with antifolates (pyrimethamine or trimethoprim).
Their utility in cases of chloroquine-resistant falciparum
infection is now fully recognized.5
When it comes to tetracyclines, the American authors,'

who are concerned with a large number of cases of falci-
parum malaria in the U.S. forces in south-east Asia, are
satisfied with the early results of combined treatment with
quinine and tetracycline. They recognize that the duration
of this treatment (10 days) and its slow action represent
shortcomings. It could be argued that the quinine-chloro-
quine regimen might have been given a fairer chance if its
duration had been extended to at least one week.

Nevertheless, the confirmation of antimalarial action of
tetracyclines is of considerable interest, though the side
effects of this group of antibiotics can be troublesome
in children, in late pregnancy, and whenever the
renal function is impaired.6 Further trials with the
older tetracyclines (oxytetracycline, chlortetracycline, de-
methylchlortetracycline) as well as with some newer con-
geners of this group (pyrrolidinomethyl tetracycline, tetra-
cycline-L-methylenelysine, 6-methylene oxytetracycline, and
others) may provide fuller data for the assessment of their
place among antimalarial drugs. Meanwhile it may be use-
ful to remember that resistance of P. faiciparum to 4-
aminoquinolines is still limited to a relatively small part of
the tropical world7 and that even in these areas many cases
of malaria respond to chloroquine or to sulphones and sul-
phonamides combined with antifolic compounds.8 Further
research on the chemotherapy of malaria is imperative, as
the gaps in our armoury of antiplasmodial drugs are now be-
coming increasingly evident.9
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Activated Charcoal
Rediscovered
An important factor in the emergency treatment of acute
poisoning is reduction of absorption from the alimentary
tract. Perhaps because of the controversy about gastric as-
piration and the use of emetic agentsl-3 a third method has
been partially lost sight of. The supposed psychological and
physical trauma associated with gastric lavage renders this
method abhorrent to some,4 especally as a routine.5 Further,
as apomorphine and syrup of ipecacuaha are neither truly
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