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Annotations

Bone marrow transplantation

Despite its hazards bone marrow transplantation
(BMT) offers the possibility of a lifelong cure for a
variety of, otherwise fatal, congenital and acquired
disorders of childhood. With increasing under-
standing of transplantation immunology, and
increasing expertise with supportive care, BMT is
likely to be more widely used in the next decade.
BMT is fairly expensive but it should be borne in
mind that transplantation aims at a once and for all
lifetime cure, the cost of which must be balanced
against the alternative expense of lengthy hospital
support of a child with an ultimately fatal illness. Any
condition arising in cells derived from totipotential
bone marrow stem cells is theoretically susceptible to
correction by transplantation of normal stem cells.
The table lists current indications and future
possibilities for BMT.

Donor selection

When marrow transplantation is indicated the
patient and family are tissue typed to find a com-
patible donor. While HLA matching is not in itself
essential for compatibility, the A and B loci lie next
to the all-important D locus which determines

Table Indications for bone marrow transplantation
Of proved value
Immune defects

Severe combined immune deficiency syndromes5
Wiskott-Aldrich syndrome9
Ch6diak-Higashi syndrome'5

Marrow aplasia13
Acquired:

Idiopathic, postviral, drug-induced, paroxysmal nocturnal haemo-
globinuria

Congenital:
Fanconi type14

Acute leukaemia in remission
Acute lymphoblastic leukaemia.7 Common variety, preferably
in second remission. Poor risk (B or T cell type), preferably in
first remission.
Acute myeloblastic leukaemia,8 preferably in first remission

Osteopetrosis'2
Not yet evaluated"1

Ataxia telangectasia
Chronic leukaemias and juvenile myeloproliferative syndromes
Thalassaemia syndromes and homozygous sickle cell disease
Pure red cell aplasia
Congenital granulocyte defects: myeloperoxidase deficiency.
Congenital enzyme defects: Hurler's syndrome, Gaucher's
disease, Tay-Sachs disease, metachromatic leucodystrophy

antigens responsible for graft rejection and graft-
versus-host disease (GVHD). With the exception of
rare crossovers, an HLA-identical sibling is there-
fore also D locus identical. D locus compatibility
can be tested by mixed lymphocyte culture. It is
occasionally possible to find a compatible parent-
for example, after first-cousin marriages; but when
grafting for congenital defects the consequences of
transplanting bone marrow heterozygous for the
patient's condition must be considered. Occasionally
it is possible to find an HLA A, B, and D locus
identical unrelated donor but very few grafts from
such donors have so far been performed.

Supportive care

A patient with a haematological or an immunological
defect has an increased risk of bacterial, viral, or
fungal infection. Immunosuppression or anti-
leukaemia treatment also induces granulocytopenia
and thrombocytopenia, and transfusion support
with platelets, red cells, and occasionally, granulo-
cytes is therefore necessary. There is generally some
form of isolation of patients to prevent the risk of
exogenous infection. Many leukaemia units use
cubicles supplied with filtered sterile air so that
patients can be nursed under reverse barrier con-
ditions. An alternative is the plastic isolator tent that
can be used in a general ward.' Perhaps of greater
importance is the risk of infection from the patient's
own bacterial flora. Gut decontamination with non-
absorbable antibiotics and antifungal agents, and
topical applications of chlorhexidine to the skin
and orifices reduce the chance of infection from
resident flora during the period of neutropenia.2
Isolation and decontamination procedures are
time-consuming and expensive. Unfortunately, data
comparing these procedures are lacking.

Transplantation technique

With the exceptions of bone marrow transplants
between identical twins, and patients with severe
combined immune deficiency (who are nearly
always unable to reject), some form of immuno-
suppression (usually cyclophosphamide in high
doses) is required to permit marrow engraftment.
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In addition, patients with leukaemia require total
body irradiation to eradicate residual disease. Bone
marrow is aspirated from the donor under general
anaesthetic, to obtain about 3 x 108 nucleated bone
marrow cells per kilogram recipient weight. Donors
tolerate the procedure well and no complications
from marrow aspiration have been reported. The
bone marrow in heparin is transfused via a blood
administration set within a few hours of collection.

Postmarrow transplantation course and problems

Haematological reconstitution is rapid and most
patients achieve normal blood counts within a
month of marrow transplantation. Immunological
reconstitution is considerably slower and takes
between 6 and 12 months before lymphocyte
numbers and function have returned to normal.
GVHD remains a major problem after transplan-
tation. Prophylactic treatment with methotrexate
does not prevent the disease but cyclosporin A may
be more effective.3 Established GVHD is refractory
to most treatment but responds rapidly to high
doses of methylprednisolone. Death can occur in the
acute stage from overwhelming damage to skin,
gut mucosa, and liver, and later from infection and
pneumonitis. Early infections after BMT are usually
due to bacteria, but opportunistic viral and fungal
infections due to impaired cell and humoral im-
munity can occur up to 12 months after the graft.
The new agent acycloguanosine is proving extremely
effective in controlling varicella-zoster and herpes
virus infections.4

Results

The National Institute of Health transplant registry
gives a survival and cure rate of about 60% in
severe combined immune deficiency disease. Success
depends on the availability of a compatible sibling
donor and adequate support in the months before
immunity is fully established. In the absence of a
fully compatible donor success with nonmatched
marrow or fetal liver transplants is rare, most
infants dying from GVHD or incomplete immune
reconstitution.5

Children grafted for severe aplastic anaemia fare
slightly better than adults. A review of patients
transplanted in London showed 7 out of 13 sur-
viving transplants in children under age 16.6 A
major problem with transplantation for marrow
aplasia has been failure of engraftment or graft
rejection, reaching 50% in some series. With new
regimens using cyclophosphamide and total body
or total lymph node irradiation this problem appears
to be largely resolved, and improved results are

expected. Only 30% overall survival has been
obtained in BMT for Fanconi's aplasia. These
children do not reject the graft but suffer early
severe toxicity from cyclophosphamide treatment
(possibly due to a generalised defect in DNA
repair) followed frequently by fatal GVHD. Improve-
ment in these results will depend on devising less
toxic conditioning regimens.

Success in leukaemia transplantation is largely
related to the patient's condition at the time of
grafting. The first results reported in end-stage
relapsed leukaemia showed only 10% long-term
survivors. By transplanting earlier in the disease,
in remission, most patients survive the graft pro-
cedure, but leukaemic relapse may occur up to
2 or 3 years later. Acute lymphoblastic leukaemia
(ALL) appears to be less eradicable than acute
myeloid leukaemia (AML), and this is reflected in
current postgraft survivals of 50-60% for ALL,
compared with 70-80% for AML.7-8
There are reports of successful marrow transplants

in a variety of rare disorders-such as Wiskott-
Aldrich syndrome,9 Ch6diak-Higashi disease,10
ataxia telangectasia,11 and osteopetrosis12 but since
only a few patients have been transplanted reliable
evaluation is not yet possible.
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