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industry had placed this limitation on the trust's work because
of its duty to its shareholders and employees.' The same day the
Tobacco Advisory Council said that the industry had been
forced to make major commercial concessions: any further
restrictions in the present trading climate would prejudice
employment.2
What conclusions can be drawn from the new agreement

(which is to run for three and a half years) and these comments
on it? The plain implication is that the Government has tried
to balance the sustained and unanimous pressure from medical
sources for a complete ban on cigarette advertising against the
effects of such a ban on employment and the prosperity of the
tobacco industry. Such a decision reveals a rare degree of cyni-
cal pragmatism: if there is a case for restricting advertising-
and clearly the Government does accept the case, or it would
not have tightened up controls in the new agreement-then the
arguments for a total ban are irrefutable. The only reason that
the Government has ducked the issue is that it cares less about
people's health than the commercial health of a major industry.
Indeed, the Government seems to regard tobacco as a special

case to be handled with great delicacy; certainly its approach
to the health hazards of tobacco contrasts very strongly with
that to the risks from lead or asbestos-or drugs.
We need to remember that in August 1982 the Department

of Health and Social Security suspended the product licences
for the antirheumatic drug benoxaprofen on the grounds that
3500 reports had been made to the Committee on Safety of
Medicines of adverse reactions to the drug and that 61 deaths
had been associated with its use. Yet every day more than 61
people of working age die prematurely from diseases caused by
smoking, and the DHSS does nothing about it. Britain was
virtually the last country in Europe to introduce legislation on
seat belts in cars. The same outdated priorities in Parliament
seem likely to ensure that Britain will lag just as far behind in
recognising the need for effective legislation to help reduce
mortality from smoking-related diseases.

1 Gribben R. Tobacco Research Body forbidden to research tobacco.
Daily Telegraph 1982 October 28: 7 (col 1-2).

2 Harris D. Gallaher warning on jobs. The Times 1982 October 28: 13
(col 2).
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Bone marrow transplantation: 1982
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At a time when health service budgets are under severe
restraint the suggestion ofa breakthrough in a high-technology
branch of medicine is as likely to be treated with a groan as a
cheer-unless one is a patient or a physician whose patients
might benefit. In the case of bone marrow transplantation
the catalogue of beneficiaries is growing impressively' and the
need for special measures has led to the Black Committee2
recommending that the NHS should set up further regional
centres so that the treatment can be made more widely
available.
The rate of progress is best appreciated from the numbers

of transplantations now undertaken as routine. In North
America 12-15 patients have a bone marrow transplantation
each week; in Europe the number is similar, including about
three a week in Britain. These figures are for allogeneic
transplants-that is, from a donor-and do not include the
growing number of autotransplants-where the patient's own
marrow, previously held or stored during treatment, is
returned, with or without treatment to remove malignant
cells, to the patient.
The conditions for which transplantation is the preferred

treatment are being slowly defined, but uncertainty and
controversy will persist because the alternatives do not remain
static and because it takes some years to make valid com-
parisons. For example, even in a patient under 30 with acute
myeloid leukaemia in first remission and with a compatible
donor-circumstances widely regarded as forming priority

for transplantation-the results of a non-transplantation
regimen3 in Boston may be quoted, where the long-term
remission rate is predicted to be over 50%0. In severe aplastic
anaemia treatment by antithymocyte globulin may yield as
good a survival rate as bone marrow transplantation.4
The practice of transplantation still begins with the crude

but effective technique for extraction, by multiple aspirations
from the donor, of about a litre of a mixture of blood and
marrow to yield at least 1010 nucleated cells. These may be
infused without amendment into a recipient vein; however,
selective methods are now appearing whereby, for example,
the red cells are removed from the suspension to avoid
haemolysis in an ABO-incompatible graft,5 or the nucleated
cells may be treated with antibodies or lectins to remove
those T lymphocytes which are the main trigger of graft-
versus-host reactions. The early results using polyclonal
rabbit antilymphocyte sera6 or lectins7 have seemed promising;
monoclonal antibodies have not yet been established as reliable
agents.8 9 The use of any of these techniques has to be
balanced against the possibility of graft failure because some
cells essential to the establishment of the graft have been
removed; recent evidence that stromal cells as well as haemo-
poietic stem cells are derived from the donor shows the need
for caution.'0

In practice, graft failure is not a major obstacle in bone
marrow transplantation, since in leukaemia (where the patient
is first treated by total body irradiation) rejection or lack of
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graft take is almost unknown; only in patients with conditions
such as aplasia, in which less rigorous forms of immuno-
suppression such as cyclophosphamide are used, is there a
risk of failure, and a balance must be sought between the
risks and benefits of adding other agents such as low-dose
total body irradiation, total nodal irradiation, or procarbazine.

In general the main complications of bone marrow trans-
plantation are graft-versus-host disease, infection, and
pneumonitis-a complex triad of processes which are in many
ways interdependent. Graft-versus-host disease leads to
immunodeficiency and hence to infection but, reciprocally,
experiments have shown that that is an initial cause of graft-
versus-host disease. Pneumonitis can be caused by pathogens
such as cytomegalovirus but may be due mainly to other
agents such as radiation and cytotoxic drugs, which in turn
render the lung more susceptible to infection.
The control of these complications therefore depends on

many particulars: on the prevention of infection and virus
reactivation; on the diminution of lung damage by lowering,
fractionating, or slowing the dose of radiation to the lungs;
and on preventing the activation of donor T lymphocytes by
host antigens. Substantial progress is being made in all these
endeavours. Bacterial infection is not a major hazard but if
experimental data on prevention of graft-versus-host disease
are extrapolated to clinical circumstances the optimum
suppression of bacteria might require more prolonged and
more thorough decontamination than is currently practised.'
Fungal infections occur in some units, but prophylaxis with
drugs such as nystatin, ketoconazole, and mepartricin and
by adequate air filtration can be made almost totally effective.
Virus infections by herpes zoster and simplex are frequent
but are now susceptible to acyclovir. No such remedy is
available for cytomegalovirus, which is the chief microbial
hazard in most centres. Some infections have been due to
primary infection from transfused blood cells, so some degree
of prevention is possible by limiting donors to those who are
cytomegalovirus-negative. Most cases, however, are reactiva-
tions of latent infection and for them no easy solution has
been found. Treatments with interferons and prophylactic
immunoglobulin are under test, but possibly the greatest
reduction in cytomegalovirus pneumonitis will come from
modification of lung irradiation schedules.

Total body irradiation has played a large part in bone
marrow transplantation, partly for historical reasons and
because it remains the best known immunosuppressive agent
for ensuring graft acceptance, but also because in leukaemia
it is a highly effective means of eradicating leukaemic cells,
being independent of whether they are proliferating or in
sanctuary sites (such as the gonads or the central nervous
system). The dosage is critical, since single-fraction doses
above 10 Gy (1000 rads) lead to an unacceptable incidence
of severe pneumonitis while lower doses fail to eradicate
leukaemia. Efforts in many centres to find a better scheme
by using multiple fractions have as yet failed to identify an
optimum method of total body irradiation,'2 but a system of
lung shielding combined with low penetration irradiation to
the shielded ribs has met with some initial success.'3

Meanwhile, the prevention of graft-versus-host disease
remains elusive. Elimination of T cells has its advocates, as
does treatment with antithymocyte globulin after trans-
plantation'4 in addition to the standard regimen of metho-
trexate for 100 days.'4 '5 Another alternative is cyclosporin A,'6
which may be slightly better at the prevention of graft-versus-
host disease and may result in slightly fewer graft rejections
than methotrexate, but has its own disadvantages in toxic
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effects on the kidneys, central nervous system, and blood
vessels and in problems of control of absorption and blood
concentrations.

Clearly further trials will be needed to evolve the best
regimen to protect against graft-versus-host disease, especially
if bone marrow transplantation is to be extended in its scope.
Hitherto donors have come almost entirely from siblings
identical for their major histocompatibility complex antigens
and, since families are small in most countries and only one
sibling in four is likely to be identical, only a minority of
patients have suitable donors. The alternatives now being
explored are the haplotype-identical mismatched donor, who
could be a sibling, parent, child, or occasionally other relative
sharing only one-half of the major histocompatibility complex
with the recipient, or the unrelated major histocompatibility
complex-identical matched donor, thousands of whom are
now enrolled in panels of volunteer donors. Both sorts of
donors have given successful grafts, but it is too soon to
measure the final rate of success of these grafts. The other
main limitation to grafting is age. The incidence of graft-
versus-host disease is directly related to age, being very low in
childhood but rising with each decade, so that most patients
aged over 30 have some degree of graft-versus-host disease,
mostly chronic, and all over the age of 40 may expect to be
affected. What determines this relation is uncertain, but
possibly the waning influence of the thymus fails to engender
the circumstances required for mutual tolerance of graft and
host in older patients, and this may be an insurmountable
obstacle.
Even if bone marrow transplantation is limited to the

young it still has immense potential. Leukaemia is at present
the most common disease for which it is used,'7 with acute
myeloid leukaemia in first remission at the top of the list and
a predicted long-term remission rate in several centres of
60-80%. In acute lymphoblastic leukaemia the success of
chemotherapy for most "good-risk" patients and for a
substantial minority of "poor-risk" patients has restricted the
numbers treated by bone marrow transplantation in first
remission. The few exceptions are B-cell acute lymphoblastic
leukaemia and selected other categories-for example, those
with a Philadelphia or other chromosome translocation and
perhaps those with early infiltration of the central nervous
system and very high counts. Otherwise transplantation is
deferred until second remission. Relapse after transplantation
appears to be a more serious risk in acute lymphoblastic
leukaemia than in acute myeloid leukaemia, so that other
treatments such as interferon are being tried to prevent
recurrence or the reinfection of potential leukaemic cells.
Chronic myeloid leukaemia has now fallen within the orbit
of transplantation. Initially there were poor results from
allografts though good results with an identical twin as a
donor (eight of 12 long-term survivals18); three recent papers
in the Lancet of 18 September,19-2' however, give promise of
eradication and presumptive cures in at least more than half
the patients-the first real advance in treating this disease for
25 years. Other forms of malignant disease in children and
young adults may be suitable on occasion for transplantation,
but without some progress on the age factor oncological
practice in general is unlikely to be affected.

In severe aplastic anaemia a transplant from a matched
donor remains a standard treatment for the young patient,
with a long-term success rate for the early untransfused
patient of over 80% and around 70% for those already
transfused.22 23 The original cyclophosphamide regimen is
adequate for patients in the first category, but for the rest some
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additive immunosuppression (for example, total body
irradiation or total nodal irradiation) may be needed. Mean-
while, for those without a donor or over the age of 40, treatment
with antithymocyte globulin and androgens gives encouraging
survival rates (for example, 63% at one year23), though the
quality of haemopoietic restoration is inferior. Further work
on the causative mechanisms, immune or non-immune, of
aplasia should help to predict appropriate treatment and
prognosis in individual patients.

Immunodeficiency states were first cured by marrow
allografts as long as 15 years ago,24 and for the infant with
severe combined immune deficiency and a matched sibling
donor the procedure is unchanged. Unmatched marrow always
results in severe graft-versus-host disease (except in one or
two cases where separation techniques have been used), but
unrelated fetal haemopoietic cells7 (from the liver) may
succeed in establishing all or part of the lymphoid system
without severe graft-versus-host disease.25 Progress here may
depend on growing cells in culture and building up a bank of
typed fetal cells.

Progress has also been made in the transplantation of cells
for lesser degrees of immunodeficiency-for example, the
Wiskott-Aldrich syndrome-and for other conditions where
there is a biochemical defect of cells of the mononuclear
phagocytic system. Osteopetrosis is one such disease, since
osteoclasts are derived from faulty monocytes formed in the
marrow, and other dysfunctions occur in storage diseases
(for example, Hunter's and Hurler's syndromes) and a variety
of enzyme deficiencies.26 In these conditions where the bone
marrow is proliferating normally and is "full," space for the

incoming donor marrow seems to need to be created by an
initial dose of a myelotoxic drug, usually busulphan, before
the immunological conditioning with cyclophosphamide or
total body irradiation or both. Two limitations in these
conditions are that irreversible defects may have occurred
before transplantation is possible and that the substitution
of "good" mononuclear phagocytes may not take place in the
central nervous system.

Last but not least, marrow transplants have been used in
haemoglobinopathies with two successful cases reported from
Seattle.27 28 Once again selection of cases will be extraordinarily
difficult since success is much more likely if transplants are
given early. As an illustration, the second child had had 25
transfusions for homozygous thalassaemia, was already
refractory to almost all donor platelets, and as a consequence
of transplantation had a severe reactivation of a cytomegalo-
virus infection presumably acquired by transfusion. At the
same time routine management of thalassaemia is improving
and the prediction of severity of the disease is often difficult.
Homozygotes for thalassaemias and sickle-cell disease may be
numbered in millions, but they are most common where
facilities for bone marrow transplantation are mostly non-
existent. In the meantime, as we have seen, the developed
countries have to struggle to find the resources to save the
lives of their young citizens, but no doubt this will be done,
and the next decade should witness further progress.

H E M KAY
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