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PERSONAL PRACTICE

The use of haemopoietic growth factors in blood
disorders

Ian M Hann

Over the last nine years we have wimessed an
explosion in knowledge about haemopoietic
growth factors. Those that are available or will
be shortly are listed in the table, along with the
shorthand term for the agent, the chromosome
containing the gene for this product, and the
cell or cells that are its target.

Decisions about the use of these growth
factors are often dictated by what doctors
believe is a cost-benefit analysis. The argument
is that we cannot really afford to use such
expensive new drugs and so we seek to produce
some sort of financial equation into which we
clearly can enter cost, but there is no easy
mechanism to assess benefit. However, now
that we are in possession of the results of a
number of trials, we do know that there has
been in general no reduction in mortality for
patients treated with growth factors, but there
have been benefits, in more rapid recovery of
the blood counts. In some of the trials this has
been translated into reduction in the use of
antibiotics and length of hospital stay. To limit
length of stay has recently become a benefit
within the British health care system, where
treating more patients brings in more money
from purchasers than having single patients in
hospital for a long time.

There is a need to state all of this because
at this moment in time we are still awaiting
completion of some of the crucial randomised
trials of efficacy and toxicity of growth factors.
At the same time, benefit is often clinically
apparent and withholding possibly effective
treatment in potentially life threatening
situations is clearly a difficult decision.

This type of problem was epitomised in a
recent American review of the subject when,
after the Food and Drug Administration
approved uses of haemopoietic factors had
been clearly defined, the following statement

Haemopoietic growth factors

Chromosome
Growth factors Abbreviation site for gene Target cell(s)

(A) Lineage restricted
Granulocyte colony G-CSF 17 Granulocytes
stimulating factor
Erythropoietin Epo 7 Red cells

(B) Lineage non-restricted
Granulocyte macrophage GM-CSF 5 Granulocytes+macrophages
stimulating factor
Interleukin 3 IL-3 5
c-Kit ligand (or) cKl (or) Early haemopoietic progenitors
Stem cell factor SCF 12

was made: 'Yet the use of these growth factors,
as outlined above, is much more widespread.
There are many medical as well as economic
issues that remain to be addressed before such
widespread use is justified. Even within the
limited framework in which their use has
been studied, questions remain.' Within the
limitations dictated by these factors and the
ever changing nature of the subject, I will
attempt to describe my current reading of the
situation. I will not address specifically the area
of anaemia secondary to renal dysfunction or
prematurity because this would be better dealt
with by specialists elsewhere. Erythropoietin
will be dealt with separately as apart from these
situations its use is experimental. Thereafter it
appeared more suitable to deal with specific
diseases one by one.

Erythropoietin
Recombinant human erythropoietin has been
available for nine years1 and we have the
additional advantage of a readily available
radioimmunoassay.2 It has an established role
in the treatment of anaemia of chronic renal
insufficiency that has been recently reviewed3
and will not be further discussed. Its use in
other situations where it may be of value, for
example anaemia in HIV infected patients,
anaemia of chronic inflammatory disorders,
myelodysplastic syndromes, and anaemia of
prematurity are still under investigation.3
Studies in aplastic anaemia,4 Fanconi's
anaemia,5 and sickle cell anaemia6 would not
encourage me to recommend their use at the
present time.

Rare cases of childhood myelodysplasia
present with transfusion dependent refractory
anaemia and in this circumstance, a trial of
erythropoietin treatment (50-150 units/kg
intravenously or subcutaneously three times a
week) is justified. Ultimately these patients
may develop leucopenia or thrombocytopenia
or an excess of leukaemic blasts, when alterna-
tive treatment such as bone marrow trans-
plantation would have to be considered.7
Treatment can to some extent be guided by
the erythropoietin blood concentrations, a
response in several separate situations being
more likely if the concentration is less than
500 U/1 as in some studies8 or less than 200 U/1
as in others.9 As with other growth factors,
however, one cannot entirely rely upon these
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measurements because the primary defect is
not understood and could also involve growth
factor receptors and abnormal postreceptor
intracellular signalling.10
The use of erythropoietin in order to prevent

or reduce the need for blood transfusion is a
difficult issue with reference to children.
Whenever a child from a Jehovah's Witness
family presents with acute leukaemia or a solid
tumour that requires intensive treatment, the
use of alternative measures is always raised.
There is no evidence yet that the use of
cytokines such as interleukins IL-3, IL-6,
IL- 1, or thrombopoietin will reduce the need
for platelet transfusions, and there are theoret-
ical risks that these substances may stimulate
the leukaemia. Recent trials have also shown
that IL-3 may be poorly tolerated and more
work needs to be done before widespread use
would be justified. I 1 12 However, there is a pos-
sibility that erythropoietin treatment may be of
value especially in children with acute lym-
phoblastic leukaemia, wherein an early remis-
sion can be achieved. It is certainly unlikely to
be of any value, for example in acute myeloid
leukaemia where the re-emergence of func-
tional erythroid progenitors after treatment is
usually long delayed.

Autologous blood transfusion has become
less of an issue with the re-establishment of
public confidence in donating to the blood
transfusion service, whereas barely a week
went by in the mid-1980s without strident
demands for directed donor or autologous
blood supplies; this is very rarely requested
now. Clearly in any case there was very
little work on this subject in the paediatric
field. There is no doubt that severe logistic
difficulties lie in the way and there is a very real
risk of doing more harm than good. Having
said all of that, if appropriate resources were to
be made available, I believe that the time is
right for feasibility studies in older children
with approximately predictable needs. Studies
in this area will require careful assessment of
the fitness of the patient for the procedure. It
must also be understood that the optimal
dose, route, and interval of erythropoietin use
with or without autologous blood harvesting,
have yet to be answered. In adults, however,
it has been shown to reduce the need for
allogeneic blood in several trials,13 14 and
this will need to be weighed against the
large cost and theoretical toxicity such as
thromboembolic events.15

Severe congenital neutropenia
(Kostmann's syndrome), cyclical
neutropenia, and neutropenia with
glycogen storage disease type lb
Management of these disorders is the big
success story of growth factor treatment.
Granulocyte colony stimulating factor
(G-CSF) was shown early on to be more
effective than granulocyte macrophage colony
stimulating factor (GM-CSF)16 and is now
established first line treatment.17 In the
past Kostmann's syndrome was associated
with a high mortality, severe morbidity, from

recurrent infections and the only curative
treatment was allogeneic bone marrow trans-
plantation, with all its attendant problems.18
Not only is G-CSF well tolerated, but formal
studies have shown improvement in energy,
social integration, functional ability, satis-
faction with life, school attendance, and
reduced hospital admissions.'9 Similar good
results have been achieved with cyclical
neutropenia'8 and neutropenia associated with
glycogen storage disease type Ib.20
The dose of G-CSF required to maintain

neutrophils above 1 Ox 109/1 varies from patient
to patient. The usual approach is to give a
starting dose of 6 puglkg subcutaneously twice a
day (once a day in cyclical neutropenia).
Stepwise increments of dosage are then given
over a period of a month until the neutrophils
reach 1 5X 109/1. Downward adjustments are
made if the neutrophils reach lOX 1094/. It must
be remembered that patients with cyclical
neutropenia continue to 'cycle' but at a higher
level consistent with a good clinical response. In
general, responses are apparent within a few
days of starting treatment and 80% of patients
do respond with a mean G-CSF dose of
115 pug/kg/day in Kostmann's syndrome and
5.75 ,uglkg/day in cyclical neutropenia.17 Even
those who do not respond optimally often have
a useful clinical response.

This group of patients is very important
because they have been followed for up to five
years of treatment in almost all cases; the
responses have been maintained and anti-
bodies to treatment have not developed.'7
Also, some patients can be maintained on as
low a dose as 1 ,g/kg/day which would be of
greater cost-benefit if the manufacturers
reduced the actual dose in each vial. Another
important fact is that the neutrophils produced
in response to G-CSF appear to function
well.2' Assessment of side effects after pro-
longed treatment is crucial and will provide
general lessons for chronic usage. The acute
toxicity is mild and usually transient and
consists usually of mild bone pains.'7 Other
side effects such as skin rashes, arthralgias, low
platelet counts, and splenomegaly (presumably
due to extramedullary haemopoiesis) are
infrequent and rarely significant. More
worrying is the occurrence of leukaemia and
myelodysplasis often with a monosomy 7 in at
least four children. 17 Kostmann's syndrome
is known to be associated with an increased
frequency of leukaemia.22 Theoretically,
myeloid growth factors could influence these
changes or make the underlying abnormality
more easily detected. I believe that this should
emphasise very strongly to all ofus the need for
careful continuous assessment of these agents
in the same way as for other new drugs. There
has been a tendency to imagine that they are
free of side effects and that randomised trials of
efficacy are not necessary. I hope that it is clear
that such feelings are unjustified.

It needs to be said at this point that, save for
the superiority ofG-CSF over GM-CSF in the
management of severe congenital neutropenia,
there is insufficient evidence available to allow
a choice between these drugs in other situa-
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The use of haemopoietic growth factors in blood disorders

tions. Unfortunately, it would also appear that
there is little enthusiasm for comparative
studies, which means that we will have to make
judgments based on comparisons of toxicity
and efficacy acquired from non-randomised
trials. The strong impression, and that is all it
can be unless trials of G-CSF versus GM-CSF
are carried out, is that G-CSF is better toler-
ated and associated with less in the way of
myalgia, fluid retention, rashes, and fever.23
Generally efficacy appears equivalent but in
certain situations, especially where one is look-
ing for synergy with other growth factors (for
example IL-3 plus GM-CSF or G-CSF in
amegakaryocytic thrombocytopenia), and
especially for effects on platelets, as in severe
aplastic anaemia, then this may not be true.

Severe aplastic anaemia
Preliminary studies show that G-CSF or
GM-CSF may have activity in patients with
severe aplastic anaemia, although this response
may be transient and most helpful in the least
severely affected patients.23 24 At the present
time there is at least one randomised multi-
centre trial that is investigating the role of
'standard' (antilymphocyte globulin and
cyclosporin and corticosteroid) treatment
with and without the addition of G-CSF.
Until we know the outcome of that study,
growth factors do not have an established role
in the management of severe aplastic anaemia.

Fanconi's anaemia and other
constitutional aplastic anaemias
Patients with Fanconi's anaemia have DNA
repair and somatic defects.25 There is a
constitutional aplastic anaemia that, like that
occurring in Shwachman-Diamond syndrome
and dyskeratosis congenita, often progresses to
severe pancytopenia.26 In all of these disorders
G-CSF or GM-CSF has proved to be of
some value in alleviating neutropenia and
reducing the risk of infection.26-28 It is possible
that selected cases may benefit from this
treatment, although the thrombocytopenia and
bleeding problems negate most of its worth.
Also, Shwachman-Diamond syndrome and
Fanconi's anaemia are disorders with a strong
propensity to leukaemic 'transformation' and
thus the risks of treatment largely outweigh the
advantages. IL-3 has been used in Fanconi's
anaemia and dyskeratosis congenita without
any benefit on the platelet count.26 Thus, the
mainstay of current treatment will be some
form of bone marrow transplantation when
pancytopenia or leukaemic change requires
this approach.

Amegakaryocytic thrombocytopenia
There has been one study of the use of IL-3
with or without GM-CSF treatment in the
management of this very rare severe congenital
thrombocytopenia with absent progenitor
cells.29 At the present time transfusions,
supportive care, and possibly bone marrow
transplantation are the only options and most

patients die of bleeding or the complications of
subsequent pancytopenia.30 A response to
IL-3 occurred in all patients, although only
two of the six patients became transfusion
independent. Three other patients initially
required no platelet treatment, but this was not
sustained. Thus, when a donor is not available,
a trial of treatment would be worthwhile and
further studies of the use of thrombopoietic
factors (for example IL-6, IL-Il, and throm-
bopoietin) are warranted. This study also
demonstrates features that have sometimes
been shown in other trials of prolonged
cytokine treatment, that is loss of continued
response and late responses. Thus, this
makes the point that such trials require long
treatment periods and careful follow up.

Blackfan-Diamond anaemia
Most patients with this rare form of pure red
cell aplasia present in early infancy and
respond to steroid treatment and can often
be maintained fit and well on a very small
dose. About one third of patients either have
no response or relapse on steroids and
become refractory even to increased doses of
prednisolone. The only alternative is the
institution of a blood transfusion programme
with subcutaneous desferrioxamine iron
chelation, or bone marrow transplantation.31
Three series of transfusion dependent

patients have been treated with IL-3 at daily
subcutaneous doses of 05-10 ,ug/kg. Thirty
patients in total were treated and six
experienced significant responses, with marked
reduction or discontinuation in transfusion
requirement.26 It was possible to obtain a
sustained improvement for one to two years in
two patients after a six week course. Two
patients required maintenance treatment for
more than a year. Two patients, however,
discontinued treatment after development of
deep venous thrombi. Thus, this treatment can
be considered where transfusion programmes
are poorly tolerated or compliance with iron
chelation is not obtained. Meanwhile, further
studies of the use of c-kit ligand (stem cell
factor, steel factor, mast cell growth factor)32
and other cytokine treatments are required.

Myelodysplastic syndromes7
Children with these disorders have a relatively
poor prognosis, related to leukaemic trans-
formation or infection and bleeding related
to cytopenias. A number of small studies of
the use of GM-CSF33 and G-CSF34 in
adults have shown elevations in neutrophils in
some patients, with consequent reduction in
infectious episodes. Some patients also had
rises in platelet count with GM-CSF that
reduced the need for transfusions. Similar
results have been achieved with IL-334 and the
dose used (250-500 [ug/m2 subcutaneously
daily for 15 days) was associated with mild
side effects consisting of fever, backache, local
erythema, and bone pain. To date there have
been no studies in children.
The only curative treatment for myelo-
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dysplasia at present is bone marrow trans-
plantation7 and there are well documented
cases wherein the malignant clone has been
stimulated by the use of growth factors, even
though the opposite can sometimes occur.34
Thus, in patients who do not have a donor the
use of GM-CSF or IL-3 may tide the patients
over episodes of bleeding and infection, but
otherwise, their use is currently limited to
prospective trials.35

Bone marrow graft failure
G-CSF and GM-CSF are being used more
and more often in patients who fail to engraft
or lose a graft after bone marrow transplanta-
tion.36 More than a hundred adults have been
treated in this way and the survival rates have
doubled, compared with patients who were
treated previously with various immunomo-
dulatory methods or regrafting. The effect on
long term marrow recovery remains undefined.
Whether the addition of growth factors such as
IL-3, IL-6, IL-lI1, and thrombopoietin will
improve matters further by prompting platelet
recovery, remains to be seen.

Neutropenia foliow chemoradiotherapy
A recent randomised placebo controlled study
has studied the use of G-CSF in patients with
non-myeloid malignancy.37 This was a large
group of patients undergoing allogeneic bone
marrow transplantation or high dose chemo-
radiotherapy with autologous marrow rescue,
mainly for acute lymphoblastic leukaemia and
solid tumours.
A significant reduction in use of antibiotics,

total parenteral nutrition, and days in hospital
was demonstrated. All of the patients became
profoundly neutropenic at about a week after
transplant and thus the incidence of infection
was not altered, but the duration was. This was
due to a more rapid neutrophil count recovery.
Not surprisingly, there was no effect on the
platelet count. Most of the previous smaller
non-randomised studies have also pointed in
the same direction and it would seem to me
that this is a cost effective approach. There is
evidence that one can start later in the course
of the transplant (for example at eight days
after marrow infusion and using 5 4ug/kg/day
of G-CSF in this study) there will be a cost
saving.38 Theoretically this could be even
further enhanced by the use of stem cells
harvested from peripheral blood by the use of
cell separators. The donation can be improved
by carrying out the harvest after chemotherapy
and/or stimulation with G-CSF or GM-CSF39
or combinations of growth factors in vitro or
ex vivo. This may negate the need for bone
marrow harvesting and avoid general anaes-
thesia. There are major technical problems,
however, with the collection of stem cells in
young children. Randomised studies of the use
of this approach have at last started up and will
address the problems of harvesting young
donors and potentially stimulating significant
numbers of circulating malignant cells. At
present the approach is experimental and it

must not be assumed by anyone that it is as yet
of proved value.

Outside of the bone marrow transplant field,
growth factors (mainly G-CSF and GM-CSF)
are already being widely used despite the fact
that there are very few randomised studies and
even fewer in children. With regard to myeloid
leukaemia, there is a real risk of accelerating
the disease as some leukaemia cells express the
myeloid growth factor receptors. This may
possibly be turned to advantage by using the
growth factors to recruit leukaemic cells into
cycle before cytotoxic chemotherapy,39
although this approach is only at a very early
stage of development. There is also prelimi-
nary evidence that G-CSF may be safe to use
in the stimulation of neutrophil recovery after
marrow transplantation for acute myeloid
leukaemia (AML).40 At the present moment
use of G-CSF and GM-CSF is often used
in extremis in children with AML where
previously granulocyte transfusions would
have been used, for example in a profoundly
neutropenic febrile patient not responding to
at least six days of broad spectrum antibiotic
and amphotericin B. This decision is taken
as a potentially life saving measure in the
knowledge that disease free survival may be
compromised. Several randomised trials of
growth factor use are under way in AML and
should clarify the situation.

In a similar fashion to its use in AML,
almost any severely neutropenic child not
responding to conventional antimicrobial
treatment is considered a candidate for G-CSF
or GM-CSF treatment, as opposed to the
previous option of granulocyte transfusions.
There are precious few studies of this situation
in children and those carried out in adults
have usually been carried out in a preventa-
tive/prospective way and have not been
randomised or associated with an analysis of
morbidity or cost. In general if G-CSF or
GM-CSF are given with myelosuppressive
chemotherapy, there has been a reduction in
the period of neutropenia and sometimes fewer
days on antibiotics.413 However, I do not
believe that this should be adopted in any
similar situation in children at the present
time until proper large randomised studies
have been completed. As with AML, if full
conventional antimicrobial treatment is clearly
failing then I would give G-CSF 5 pLg/kg/day
because it is very well tolerated and may
potentially be life saving.

Conclusion
I hope that I have made it clear that haemo-
poietic growth factors are new and deserve to
be tested out in the same way as other drugs.
There are a few established indications but we
are now basically in an exciting era that must
not be marred by a temptation to bypass the
need for randomised trials in order to establish
their proper role.
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