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CURRENT TOPICS

Myelodysplastic syndromes

Ian M Hann

Myelodysplasia is one of the Cinderella subjects
of paediatric haematology and oncology.
Although cases are rare and probably do not
account for more than 3% of haematological
malignancies, patients presenting with these
disorders pose a very serious challenge to
successful diagnosis and management with
which we are only just coming to grips. In fact,
such is the previous state of confusion that we
have no idea of the prevalence of the component
disorders and there is little doubt that under
diagnosis was itself prevalent. The first tentative
steps have now been taken out of the darkness
and probable cures are being achieved in
previously almost uniformly fatal conditions.
The first moves in the right direction were
achieved by abandoning the paediatricians
inherent love of syndromes and concentrating,
with our adult haematology colleagues, on
getting some sense and science into classification
of the disorders.

tric literature, juvenile chronic myeloid
leukaemia (JCML) and infantile monosomy 7
syndrome. Both of these disorders will pre-
sumably take their place under more appropriate
headings when more systematic studies are
completed, for example, JCML shows some
features akin to a well described adult counter-
part, chronic myelomonocytic leukaemia
(CMML). Table 2 shows a recommended list of
investigations required for the diagnosis and
classification of myelodysplasia.

I would like to expend a little space on the
specific features of the disorders listed in table 1.
However, there is insufficient space to deal
adequately with chronic myeloid leukaemia,
which has been extensively reviewed else-
where.5-10 Essential thrombocythaemia and
polycythaemia are excessively rare in childhood
and the few authenticated cases have also been
reviewed elsewhere. 113 Malignant myelo-
fibrosis as seen in adults'4 1l is not seen in
children and modern techniques have shown

Classification
The basic concept of myelodysplasia is a very
simple one: the bone marrow is active but
ineffective. Thus, there are functional mor-
phological abnormalities and/or pancytopenia.
The syndromes thus include the disorders
previously called refractory anaemia, smoulder-
ing leukaemia, and preleukaemia all of which
had a strong predilection to progress to acute
myeloid leukaemia at varying pace. One series
of childhood acute myeloid leukaemia has sug-
gested that 17% of cases had a preleukaemic
phase.'
The French-American-British cooperative

morphology group has led the way in providing
the systematic groundwork for a classification
system.2 Subsequently the Morphologic,
Immunologic and Cytogenetic Cooperative Study
Group has provided additional cytogenetic
information which has allowed further refine-
ment.3 The conventional approach has been to
distinguish myeloproliferative disorders (such
as chronic granulocytic leukaemia, essential
thrombocythaemia, myelofibrosis, and poly-
cythaemia) from myelodysplasia. This is a
somewhat artificial distinction, bearing in mind
that all are clonal proliferations and all may
evolve to a frank acute leukaemia. However, it
forms the basis for the best attempts at classi-
fication currently available for childhood
myelodysplasia4 (see table 1) and eventually a
better classification will hopefully come out in
the biological wash. This includes the two
commonest syndromes described in the paedia-

Table I Classification of paediatric myelodysplasia

* Primary myelodysplasia:
Juvenile chronic myeloid leukaemia
Infantile monosomy 7 syndrome
Refractory anaemia
Refractory anaemia with excess of blasts
Refractory anaemia with excess of blasts in transformation

* Proliferative myelodysplasia:
Down's syndrome leukaemoid reactions
Myelodysplasia with eosinophilia
Philadelphia positive chronic myeloid leukaemia
Atypical chronic myeloid leukaemia
Familial myelodysplasia
Essential thrombocythaemia
Polycythaemia rubra vera

* Secondary myelodysplasia:
Familial
Therapy induced

Adapted from Chessells.4

Table 2 Investigation of myelodysplasia

* Blood.
Haemoglobin+red cell indices
White cell count+differential
Blood film
Fetal haemoglobin concentration
Immunoglobulins

* Bone marrow:
Aspirate+trephine biopsy
Cytochemistry and iron stain
Cytogenetics

* Additional tests:
Neutrophil function
Platelet function
Lymphocyte subsets
Tissue culture marrow colony assays
Antinuclear antibodies
Fetal globin glycine:alanine ratio Juvenile chronic
I:i red cell antigen ratio myeloid leukaemia
Carbonic anhydrase

Adapated from Chessells.4
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Myelodysplastic smdromes

that primary myelofibrosis is in fact acute
megakaryoblastic leukaemia wherein the
proliferating megakaryocytes induce extensive
marrow fibrosis.'6

Juvenile chronic myeloid leukaemia
JCML does appear to be a distinct disease
entity, the pathognomonic feature of which is a

reversion to a truly fetal haemopoiesis with
raised concentrations of fetal haemoglobin
above 10%, 7 a fetal pattern of red cell en-

zymes,'8 and in one reported case the persistence
of epsilon globin chains that normally disappear
by 3 months of age.'9 The disorder appears to
be more common in boys, and children with
neurofibromatosis show a higher number of
cases than expected of JCML and chronic
myeloid leukaemia.20 21 The usual clinical
presentation is with pallor, splenomegaly, and
bleeding due to thrombocytopenia. The latter
(along with the higher fetal haemoglobin con-

centration) distinguishes this disorder from
monosomy 7 myelodysplasia (see below). 17
Cutaneous xanthomata occasionally occur20 and
led to the outdated description of 'xantho-
leukaemia'. There is often a facial rash in a

butterfly distribution that may also involve the
trunk, predate the other findings, and lead to a

misdiagnosis of lupus erythematosus, especially
as antinuclear antibodies may be present.22

Since the original reports of this disorder23
it has become standard practice to compare

and contrast this disorder with Philadelphia
chromosome positive chronic myeloid leu-
kaemia. This is a largely pointless exercise and
in fact the morphological and some other
features, for example the immune disturbance,22
are more akin toCMML as previously described
in adults. Further evidence is provided by
the presence of monocyte specific antigens
on the surface of mononuclear cells23 and
outgrowth of macrophage colonies in tissue
culture.24 However, the bone marrow may show
various cytogenetic abnormalities or be normal
and thus there are no diagnostic cytogenetic
findings.25 This is in contrast to monosomy 7
myelodysplasia which can otherwise be in-
distinguishable,26 although JCML is more

frequently associated with a lower platelet count
as well as the raised fetal haemoglobin.27 As
with many of the myelodysplastic disorders in
childhood, more can be gleaned from an

examination of the blood film than the bone
marrow aspirate. The white cell count is
usually only moderately raised and rarely above
5Ox 109/1, anaemia is common, the platelet
count reduced, and there is usually a prominent
monocytosis often associated with dysplastic
granulocytes and some blast cells. The bone
marrow findings are similar but usually much
less noticeable. The prognosis is very poor and
over the last 20 years we have seen 14 children
at Great Ormond Street, 11 boys and three girls
with a median age of 3 years and median
survival of only six months. These patients did
not develop a terminal leukaemic 'blast crisis' as

is sometimes described, but developed progres-
sive weight loss, nodal enlargement, and some
increase in blasts and normoblasts.

Monosomy 7 myelodysplasia
Monosomy and partial deletion of chromo-
some 7 is found in primary myelodysplasia as
described here, but also in de novo acute
myeloid leukaemia, secondary myelodysplasia,
and secondary acute myeloid leukaemia. In each
of these disorders there is a defect in neutrophil
chemotaxis and killing leading to a particular
susceptibility to bacterial infection.28 The
presence of the deletion in biphenotypic
leukaemias adds weight to the proposition that
monosomy 7 is associated with transformation
of a common lymphoid-myeloid progenitor
cell.29 The variability of clinical features in
association with abnormalities of chromosome 7
are well illustrated by the experience at this
hospital over the last 20 years. During this
period we have seen four cases of de novo acute
myeloid leukaemia, one of secondary acute
myeloid leukaemia, one of myelofibrosis with
myelodysplasia, one of refractory anaemia with
excess of blasts with transformation (RAEB-t),
and 13 children with the myeloproliferative
syndrome. It is important to note that there are
families with an apparent predilection to the
development of acute myeloid leukaemia or
myelodysplasia and this may be associated with
chromosome 7 abnormalities.30 The 13 children
we have looked after with monosomy 7 myelo-
dysplasia presented at a median age of 10
months but the oldest was aged 8 years and had
an indolent process of recurrent infections,
hypogammaglobulinaemia, and monocytosis
over a six year period. Three of the 13 developed
acute myeloid leukaemia and one developed
massive splenomegaly and marrow fibrosis. The
time to the development of acute myeloid
leukaemia varied from three months to two
years. A third of the cases survived more than
two years and thus this disorder is associated
with longer survival than JCML with a pre-
dilection to the development of acute myeloid
leukaemia.

Other myelodysplasias: primary
The current lack of knowledge does not allow a
calculation of the prevalence of these disorders.
Several series have highlighted the paucity of
children who present with the types of myelo-
dysplasia associated with a better prognosis,
that is refractory anaemia (RA) and refractory
anaemia with ringed sideroblasts (RARS).3' 32
We have seen only two cases of RARS, both of
which followed a chronic course. Thus, the vast
majority of children with myelodysplasia unfor-
tunately fall into the bad risk categories of
RAEB with or without transformation towards
acute myeloid leukaemia. All series consistently
show a less than 20% chance of survival to five
years and there are very few long term survivors.
However, there are encouraging reports demon-
strating a survival of up to 50% after bone
marrow transplantation for those who have a
histocompatible sibling.33 Attempts have been
made to identify features associated with
prognosis in adults. Features predictive of long
survival include pancytopenia, more than
5% blasts in the blood, abnormal localisation of
immature precursors on a trephine biopsy
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specimen, and a karyotype showing complex
chromosomal abnormalities.34

It has been known for many years that
children with Down's syndrome are at risk of a
neonatal myeloproliferative syndrome resembl-
ing acute leukaemia, which usually undergoes
spontaneous remission. Some of these children
later develop acute leukaemia after an interval
ranging from six months to three years.35 In
addition, children with Down's syndrome and
acute myeloid leukaemia can have a prodromal
myelodysplastic phase lasting several months
with occasional blasts seen on the blood film.
There is an obvious need to follow up a series of
babies with Down's syndrome in order to
determine the true incidence of this transient
abnormal myelopoiesis and the risk of develop-
ment of acute leukaemia. Clinically the disorder
resembles congenital leukaemia with hepato-
splenomegaly but without the skin infiltration
seen in the former.36 There is a blood leuko-
cytosis with many blast cells, which have
recently been shown to be megakaryoblasts.37
Although these children may develop hyper-
viscosity problems due to the high white blood
cell count, they do not develop severe bone
marrow failure although they may need some
red cell and platelet transfusions. The manage-
ment is conservative with supportive care only
and the most important thing is to follow up the
patients carefully in case they develop acute
myeloid leukaemia.
A number of children have presented with

hepatosplenomegaly, dramatic eosinophilia,
myelodysplasia, and cytogenetic abnormality
involving the area of chromosome 5q31 that
contains the gene for interleukin-5 (IL-5
'eosinopoietin').38 We have a patient in whom
there is a prolonged history ofa severe infiltrative
skin disorder and dramatic eosinophilia.
There is a 'ragbag' of other very rare myelo-

proliferative disorders in childhood. Several
have been shown to involve translocations of
chromosome llpl5.39 Rarely, cases otherwise
identical to chronic myeloid leukaemia but
without the Philadelphia chromosome and with
no bcr-abl gene rearrangement34 are seen in
childhood. A morphological review of childhood
cases is required and it is possible that they will
be classified with CMML. The prognosis of this
disorder is said to be poor.

Other myelodysplasias: secondary
Children with congenital bone marrow dis-
orders such as Fanconi's anaemia and Shwach-
man's syndrome can present with or develop
myelodysplasia as well as acute myeloid leu-
kaemia.4U 41 Unfortunately we are also seeing an
increased incidence of acute myeloid leukaemia
and myelodysplasia in patients treated for
malignant disease, most commonly Hodgkin's
disease but also non-Hodgkin's lymphoma and
other solid tumours. The alkylating agents are
most clearly implicated in this susceptibility.42
The risk of secondary leukaemia and myelo-
dysplasia after treatment for acute lymphoblastic
leukaemia is not clear but so far there have only
been a few cases reported in the UK.

Cytogenetic abnormalities are found in

almost all children with secondary myelo-
dysplasia/acute myeloid leukaemia and are
frequently multiple, the majority involving
chromosomes 5 and 7 with 3 and 17 being less
frequently involved. The chromosome 5
abnormalities always involve 5q23-32, a region
containing the genes for several growth factors
and their receptors.43

Clearly the most important point to be made
here is that the planning of treatment for
malignant disease should take into account the
need to try to avoid the use of alkylating agents
where alternative treatments are possible and
especially to try to avoid their concomitant use
with radiotherapy. This has proved possible
with regimens for low grade non-Hodgkin's
lymphoma. The published results of treatment
for secondary myelodysplasia make depressing
reading. Patients with chromosome 5 abnor-
malities did particularly badly in the past.
Remission duration, if achieved at all, tends to
be extremely short in this whole group of
children before the era of bone marrow trans-
plantation.42

Biology of myelodysplasia
Various modern techniques have demonstrated
that the myelodysplasias are clonal disorders
arising in a multipotent or pluripotent stem
cell,' and the blood cells produced often
survive for a short time and have abnormal
function. Disease progression is a function of
the expansion of the abnormal clone with
progressively abnormal blood count and/or
development of acute myeloid leukaemia. This
process is frequently associated with immuno-
logical abnormalities including raised immuno-
globulins, reduced numbers of natural killer
cells, and an abnormal helper:suppressor T cell
ratio.45 A variety of abnormalities of bone
marrow growth in colony cultures has been
described. In children one of the commonest
phenomena is spontaneous growth of colony
forming unit-granulocyte/macrophage and
other patients show reduced growth of multi-
potent progenitor cells.26
A large number of attempts have been made

to identify factors associated with disease pro-
gression towards acute myeloid leukaemia. One
promising line of inquiry relates to the ras group
of genes which are involved in the regulation of
cell proliferation. Preliminary studies have in
fact shown that these genes are activated in
patients with myelodysplasia and possibly more
so in those who develop acute myeloid leu-
kaemia.' The other main line of scientific
investigation involves the possible role of
putative repressor genes in the regions of
chromosomes 5 and 7 frequently involved in
myelodysplasia. The hypothesis is that loss of
the normal allele could result in the unmasking
of a recessive mutant allele on the remaining
chromosome, as occurs in retinoblastoma. The
relevant chromosomal regions certainly contain
the genes for a tantalising array of growth
factors and other important compounds-for
example, 5q23-3 1 contains granulocyte/macro-
phage-colony stimulating factor (GM-CSF),
interleukin 3, macrophage-colony stimulating
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factor (M-CSF), and c-fms (the M-CSF receptor).
Similarly 7q is the site of the erythropoietin
gene, the met proto-oncogene, and the multidrug
resistance gene (MDR-1).f6

Treatment options
Having completed the investigations detailed in
table 2, one is then faced with several dilemmas.
Most children with myeloproliferative/myelo-
dysplasia have an extremely poor prognosis
although occasionally there is a long prodromal
phase during which the patient can be very well;
Philadelphia chromosome positive chronic
myeloid leukaemia is the best example of this
phenomenon. It is in fact quite easy sometimes
to be lulled into a false sense of security when in
fact a knowledge of the extremely poor prog-
nosis should stimulate a search for possible
curative options. The management of chronic
myeloid leukaemia has been very well reviewed
elsewhere"'0 and basically comes down to
looking for one type of bone marrow trans-
plantation or another. Looking after these
children is a great challenge for paediatric
haematologists and I will briefly review the
limited therapeutic armamentarium.

Various chemotherapeutic regimens have
been tried in myelodysplasia with palliative and
curative intent. Other than using intensive
chemotherapy for patients who effectively have
acute myeloid leukaemia these have been
singularly unsuccessful in achieving the latter
goal.47 However, we have now given six children
with infantile monosomy 7 myelodysplasia
combination chemotherapy and two remain in
remission four and five years from chemo-
therapy.48 The lesson to be learnt here, applic-
able in other myelodysplasias, is that early
treatment can be successful but waiting until
the development of acute myeloid leukaemia
appears to reduce the likelihood of a good
outcome. A reasonable palliative effect can be
achieved with combinations such as cytarabine
and mercaptopurine49 with some reduction of
bulk disease and requirements for blood
product support. These patients usually require
intensive supportive care with antimicrobial
agents, blood, and platelets especially if the plan
is to attempt a curative bone marrow trans-
plantation.
There is a current vogue for cytokine treat-

ment and many consequent publications.50 The
most commonly used at present are GM-CSF
and granulocyte-colony stimulating factor. To
cut a long story short, it is usually possible -to
improve neutropenia but not thrombocytopenia.
The worry of course is that the neutrophil
dysfunction will not be improved and the
underlying disease will be 'cranked up'.
Randomised trials are in progress so we should
eventually know if these expensive compounds
will help. It is also interesting to note that
patients with JCML have abnormal cytokine
production and regulation, which opens up the
possibility of treatment with inhibitors or regu-
lators of cytokines when these become available.

Bone marrow transplantation
As previously stated, myelodysplasia with a

good prognosis (basically refractory anaemia
and RARS) is a rarity and the main consideration
is, having improved the child's general health as
far as possible, whether a donor for bone
marrow transplantation is available and if not
whether a matched unrelated donor can be
found on the various donor registries. The
decision to go ahead with bone marrow trans-
plantation using a matched unrelated donor can
be difficult especially in a currently well child
because of the relatively poor results and high
mortality at present. However, techniques are
improving and for almost all patients it will be
their only chance of cure.
There are few published reports of the

outcome of bone marrow transplantation for
myelodysplasia and even fewer related to
children. Matched allogeneic transplants have
been associated with survival beyond three
years of approximately 45%. The evidence is
limited but bone marrow transplantation is
undoubtedly the most effective treatment for
myelodysplasia in adults and children. What is
not known yet is whether one can get away with
a chemotherapy 'conditioning' regimen rather
than the conventional cyclophosphamide plus
total body irradiation approach which is associ-
ated with major endocrine, growth, and other
late effects. Preliminary studies in childhood
chronic myeloid leukaemia suggest that the
chemotherapy only approach may be suitable
especially for very young patients.5' Successes
in bone marrow transplantation for JCML have
been reported from Seattle with three of six
children receiving a graft from a compatible
sibling and three of eight using a donor with a
1-3 antigen mismatch alive and in remission
after the use of cyclophosphamide and total
body irradiation.52 In this situation one case
report suggests that a chemotherapy only regi-
men may not eradicate the malignant clone.53
We have also performed a successful bone
marrow transplantation in a child with mono-
somy 7 myelodysplasia using a histocompatible
siblingand a chemotherapy/total body irradiation
regimen.
The problem is that only one in three

children will have a histocompatible sibling
donor and now great efforts are being made to
improve the chances of finding a matched
unrelated donor rapidly and carrying out a
successful bone marrow transplantation. Results
in children with chronic myeloid leukaemia
show an acturial event free survival of 30% at 30
months,54 suggesting that this approach should
be considered for all patients who do not have a
sibling donor.

Conclusion
I hope that I have made it clear that the
myelodysplastic syndromes are worthy of more
attention both scientifically and clinically. We
badly need more studies designed to determine
the real prognosis and incidence of these dis-
orders and to test the efficacy of modern
treatments such as bone marrow transplantation
and cytokine therapy. At a more fundamental
level scientific investigations should lead to a
better basic understanding of leukaemogenesis.
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966 Hann

At long last we are beginning to understand
more and to cure some of the patients but for
the foreseeable future any child presenting with
myelodysplasia will continue to tax our under-
standing and management skills to the limit.

Many thanks are due to Professor Judith Chessells, without
whose help and guidance this article could not have been
produced.
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