
Barbara, personal communication). A report from New York
found that six of 221 patients with cancer who had undergone
multiple transfusion had antibodies to HTLV-I, but this high
rate has not yet been confirmed elsewhere.20 The cost-benefit
analysis for screening donors must include the low prevalence
of HTLV-I in Britain, the relatively high incidence of false
positive reactions, and the low risk of disease developing after
infection. Despite these problems the American Red Cross
has already begun screening blood donations in the United
States for antibodies against HTLV-I, probably in view of
potential litigation in the future.

Investigation ofHTLV-I infection in clinical practice needs
to be extended in Britain; it should no longer be confined only
to patients from endemic areas as sporadic cases have been
reported in low risk populations from most European
countries.2' Studies on HTLV-I in Britain to date have been
valuable but unplanned and uncoordinated. The Public
Health Laboratory Service Communicable Disease Surveil-
lance Centre seems the appropriate organisation to define the
epidemiological features of HTLV-I in Britain, and its
acceptance of the task seems long overdue.

JONATHAN WEBER
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Fixed dose procedures for tests on animals

Agreement has been reached on the end of the LD50

The LD50 test is a procedure to determine the dose of a
chemical that kills half of the animals exposed. The test has
long been criticised as simplistic in using death as the sole end
point, rather than a screen of biological responses. It has come
under increasing challenge, too, by critics of experiments on
animals, who claim that it is contrary to the humanity of
animal protection legislation in the United Kingdom
(Animals (Scientific Procedures) Act 1986) and the European
Economic Community (Directive 86/609). Yet the LD50 has
remained an important part of the data required to classify the
hazards of substances ranging from household products to
medicines-for example, in the European Community under
Directive 79/831, where the laboratory method is fully
described in annex V. A similar, universally accepted proce-
dure is described in the Organisation for Economic Co-
operation and Development test guideline 401.

In 1984 the British Toxicology Society took the initiative,
with the support of the Health and Safety Executive, to
develop and prove an alternative, more humane technique to
replace the oral LD50 test. The new "fixed dose procedure"
was designed to use fewer animals than the LD50 test; not to
require death as the end point; to cause less pain and distress;
to permit the hazard classification of compounds on the basis
of acute toxicity; and to provide better information about
toxic effects that is needed for human risk assessment.
The basis of the new procedure is that a few rodents

(usually only three) are given the test material by using one of
a series of fixed doses related to the agreed limits in the
accepted classification system. A dose is selected to cause
"evident" toxicity but not death. If there is no prior
knowledge to guide selection then the lowest dose level is
chosen first. All of the animals are closcly observed, and any

that show signs of severe effects are killed humanely. If the
first dose has no effect then the next higher level is used
according to the classification scheme.
The feasibility of this fixed dose procedure was proved in an

initial interlaboratory validation trial in Britain, which was
supported by the Health and Safety Executive.' The results
were promising enough for a major collaborative study to be
arranged in 33 laboratories in 11 countries with the support of
the European Commission and in Britain with the support of
the Department of Health, the Home Office, and the Health
and Safety Executive.
The results and those of possible alternative methods were

presented last year at a seminar in Brussels that was attended
by official representatives and scientists from the states of the
European Community and from many other countries. The
new fixed dose procedure was generally well received as a
practical and efficient method of classifying the toxic hazards
of chemicals for regulatory purposes. It gained support even
from countries that use different reference limits or different
categories.
At the end of the meeting the European Commission,

through Directorate General XI, formally stated that an
initiative to promote the rationalisation of classification
schemes based on acute toxicity data would be fully supported
by the European Community. Moreover, formal discussions
to gain general acceptance of the new method would be
arranged within the community, with the Organisation for
Economic Cooperation and Development, and with other
international organisations.

This represents a major advance in the difficult borderland
between legal and regulatory requirements, scientific proce-
dures, and considerations ofanimal and human welfare. It has
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come from hard work by people in the British Toxicology
Society and in industrial laboratories to validate the fixed dose
procedure, from the support of official bodies, and from some
encouragement (and some disparagement) by animal welfare
groups. The important general conclusion seems to be that
changes in animal experimentation are most likely to be
achieved on the basis of clear evidence of utility and when alI

concerned understand the purposes and limitations of the
alternative procedure.

A D DAYAN
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Leukaemia and cancer chemotherapy

The risk is acceptably small but may be reducible further

In the past 15 years cytotoxic chemotherapy has revolution-
ised the prognosis for patients with some kinds of tumours.
Because of this clinicians are now paying far more attention to
the long term risks of such treatment, including leukaemia,
sterility, cardiopulmonary disease, and altered immunity.3
Reports have compared the incidence ofleukaemia in patients
treated for various cancers with that in healthy populations
and have examined the actuarial incidence of leukaemia in
subgroups receiving different treatments.45 This approach,
however, does not overcome one source of potential bias-
that, for instance, Hodgkin's disease itself or certain stages of
the disease may be associated with an increased risk of
leukaemia.
More recently, Kaldor et al reported two studies-one in

Hodgkin's disease6 and the other in ovarian cancer7-that
overcame this problem by using a case-control design within
large populations of patients with these two tumours. They
found 114 cases of leukaemia in 99 113 survivors of ovarian
cancer and matched each of these with three (four in the case
of 35 283 German patients) patients without leukaemia.8 For
Hodgkin's disease they found 163 cases of leukaemia among
29552 patients, and these were each matched with three
controls with Hodgkin's disease without leukaemia.

In the study of ovarian cancer, chemotherapy alone was
associated with a 12-fold increase in relative risk compared
with surgery alone. Patients receiving chemotherapy and
radiotherapy had a relative risk of 100; radiotherapy alone
did not increase the risk above that of surgery. All alkylating
agents clearly increased the risk of leukaemia, as did the
combination of doxorubicin and cisplatin.

For Hodgkin's disease chemotherapy alone was associated
with a relative risk of leukaemia of 9 0 as compared with
radiotherapy alone. Patients treated with both modalities did
not have a further increase in risk, though treatment with
more than six cycles of nitrogen mustard and procarbazine
increased the relative risk to 14-0. Radiotherapy caused a
dose related increase in risk. When adjustment was made for
the chemotherapy used there was a twofold increase in risk of
leukaemia in those who had had a splenectomy.

In general these reports confirm the results of previous
cohort studies,45 but they do not provide a precise estimate of
the risk of leukaemia as there was appreciable heterogeneity of
the rates of leukaemia depending on the source of the data.
Most data were from population based cancer registries, but
some were from single institutions. The crude incidence of
leukaemia was eight times higher in single hospitals than in
registries for ovarian carcinoma; the comparable figure for
Hodgkin's disease showed a near fourfold difference. These
data might possibly reflect patient selection and more inten-
sive treatment in single institutions, but an alternative
explanation is that there was underrecognition of a second

malignancy in patients from tumour registries. Supporting
this hypothesis is the finding that nine of 11 cases of
myelodysplastic syndrome in patients with ovarian cancer
occurred in one institution that accounted for 4% of the
patients.
What, then, is the risk that chemotherapy will induce

leukaemia, and does cost-benefit analysis suggest that such
chemotherapy should continue to be used? As a corollary to
this, can the therapeutic efficacy of chemotherapy be main-
tained while its toxicity is reduced? Data from multiple
studies in ovarian cancer suggest that the risk of leukaemia is
four to five times that in a normal population. The risk is
almost entirely related to exposure to alkylating agents,
though Kaldor et al also implicate the combination of cisplatin
and doxorubicin,7 a finding recently reported by others.9 The
risk rises with total dose used.3 7 For patients with Hodgkin's
disease given chemotherapy the risk in Kaldor's study was a
little over five times that in those receiving radiotherapy
alone.6 The actuarial risk of leukaemia five to 10 years after
treatment for Hodgkin's disease is 2-10%,"10 and a second
solid malignancy has been increasingly reported.' 5

Cost-benefit analysis in advanced Hodgkin's disease clearly
favours chemotherapy: the risk of drug induced leukaemia is
relatively small, and such treatment greatly increases the
chances of long term survival. Before the introduction of
effective chemotherapy survival in patients with advanced
disease was less than 5% at five years -nowadays over half of
such patients survive long term.'2 The data of Kaldor et al
may, however, provide a further argument for the trend away
from splenectomy, and they certainly argue against unneces-
sarily prolonged chemotherapy and for the move towards
regimens that result in less exposure to alkylating agents and
so in lower rates of leukaemia and sterility. I3
The results are less clear for patients with advanced ovarian

carcinoma, in whom prolonged survival after chemotherapy is
uncommon. No single randomised study has been large
enough to identify the most effective type of chemotherapy,
though cisplatin combinations are commonly recommended.
A meta-analysis of over 50 randomised studies is in progress
and should provide clearer guidance. 14 The risk of leukaemia
remains small, and the data suggest that there is a clear benefit
for some form of chemotherapy, but as prolonged treatment
with alkylating agents has been shown to result in an
increasing risk ofleukaemia such treatment should be avoided
when possible.
The potential for chromosomal damage and the develop-

ment of myelodysplatic syndrome have been recognised as
risks of chemotherapy for some years. 5'8 Chromosomal
changes characteristic of leukaemia have been identified in
patients treated with cytotoxic agents,'9 and these include
damage to genes concerned with haemopoietic regulation.2"
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