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New therapies

Haemopoietic growth factors

NJ Ketley, AC Newland

Summary
Haemopoietic growth factors are
involved in the production of the
various blood cells from progeni-
tors in the bone marrow, making
them useful in a range of clinical
situations. The genes for several of
them have been cloned and their
production engineered by recom-
binant technology, making them
widely available. Myeloid growth
factors are used to support pa-
tients in the aftermath of che-
motherapy and bone marrow
transplantation and have potential
application in the treatment of
infectious diseases. Erythropoie-
tin is widely used for patients with
anaemia due to failure of marrow
production, having established its
effectiveness in chronic renal fail-
ure. Thrombopoietin has recently
been described and may provide a
means to alleviate thrombocyto-
penia. Current indications and
areas of recent reappraisal are
addressed in this review.
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Haemopoietic growth factors

* erythropoietin (Epo)
* granulocyte-colony stimulating

factor (G-CSF)
* granulocyte/macrophage-colony

stimulating factor (GM-CSF)
* interleukin 1 (IL-1)
* interleukin 3 (IL-3)
* interleukin 6 (IL-6)
* macrophage-colony stimulating

factor (M-CSF)
* stem-cell factor (SCF)
* thrombopoietin (Tpo)
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Haemopoietic growth factors (HGFs; box 1) were originally described on the
basis of their ability to support haemopoietic colony growth in vitro. The genes
for several of these proteins have been cloned and their production engineered
by recombinant technology, making them available for widespread clinical use.
This review discusses the uses of those HGFs which are licensed for clinical
practice, and describes areas of current research in this field.

HGFs and their receptors

Both HGFs and their receptors show considerable structural homology,
suggesting that they are derived from a smaller repertoire of factors. HGFs
differ as to their target cells, both in lineage and maturity (box 2; figure 1), but
there is considerable overlap and some redundancy, the relevance of which is
unclear. HGFs also differ as to their glycosylation status, depending on whether
a eukaryotic or prokaryotic production system is used (box 3); erythropoietin
has been shown to have minimal activity if non-glycosylated, whereas the effect
of glycosylation on granulocyte- and granulocyte-macrophage colony-stimulat-
ing factor (G- and GM-CSF) function has yet to be clarified. The pathways for
signal transduction from the HGF/receptor complexes are currently the subject
of intensive research, which will bring greater understanding of the role of
HGFs in haematological disease.

HGFs in steady-state and stressed haemopoiesis

HGFs have been thought to control the production of the various cellular
elements of the blood in the normal steady-state, as well as enabling the body to
respond to pathological challenges such as infection and bleeding. Production
of the various cells from progenitors was thought to proceed along a series of
predetermined divisions, each yielding more committed and mature cells of
defined type, with limited scope for external modulation (stochastic haemopoi-
esis). More recent evidence suggests that while HGFs play only a minor role in
physiological (unstressed) haemopoiesis, the series of divisions occurs in a
random manner (deterministic haemopoiesis),' which may be influenced by
HGFs in response to external stimuli. Autocrine HGF production has been
demonstrated in some cases of acute myeloid leukaemia, in which it is
associated with a poorer prognosis; this suggests that derangement of HGF
production may be involved in the development of the transformed phenotype
characteristic of malignant haemopoiesis.1

Reappraisal of HGF usage

The initial enthusiasm for HGFs has been tempered recently. Following five
years of ever-expanding indications for their use, guidelines for the use of
myeloid HGFs have recently been produced by the American Society of
Clinical Oncology3 so that effective evaluation can take place. It is now clear
from several large randomised studies that, in some areas of practice, their use
conveys no clinical benefit, whilst in others it is generally not cost-effective.
However, a number of indications have now been accepted for licensing
purposes. These include erythropoietin for hypoproliferative anaemias, GM-
CSF and G-CSF to accelerate marrow recovery after marrow transplantation
and G-CSF to accelerate marrow recovery after cancer chemotherapy and in
the treatment of severe chronic neutropenia.

Other uses are under evaluation and will be considered in more detail. These
include (a) collection and transfusion of peripheral blood progenitor cells
(PBPC) as an alternative to bone-marrow transplantation, (b) ex-vivo expansion
of precursor cells as an alternative to harvesting large numbers of bone marrow
cells or PBPCs, and (c) the application of these factors to the treatment of
infectious diseases. One observation in this latter area is of particular interest:
following the administration of cytokines, particularly GM-CSF, alterations in
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Induction/re-induction chemotherapy

Assessment of suitability for PBPC trans-
plantation (clinical, radiological, laboratory)

Harvest phase

Insertion of wide-lumen central venous
catheter

Priming chemotherapy eg, cyclophospha-
mide, 1-4 g single dose

Commence HGF treatment 5 -7 days post-
chemotherapy, continue daily until after

harvest

Progenitor cell harvest(s) using cell-separator
once WBC>0.5 (depends on protocol)

Harvested cells stored in liquid nitrogen

Interval for recuperation

Transplant phase

Admission for conditioning chemotherapv/
radiotherapvy eg, BEAM, high-dose

melphalan

Progenitor cell rescue

Neutropenic/thrombocytopenic phase

Regeneration of neutrophils and platelets
typically 10 - 14 days post-PBPC rescue

Figure 1 Flow chart for PBPC harvesting
and transplantation

neutrophil and monocyte kinetics occur, mimicking those seen with endotox-
aemia and bacterial infection.4 Preclinical studies suggest that stimulation by
CSFs can enhance the inflammatory response and lead to a better outcome of
infections.5 In addition to these applications, there have been several trials on
the use of erythropoietin and G-CSF in autologous blood banking,6 these are
particularly contentious in cost-benefit analyses. The main areas of reappraisal
will be considered in more detail below.

Chemotherapy and bone-marrow transplantation

HODGKIN'S DISEASE AND NON-HODGKIN'S LYMPHOMAS (BOX 4)
Initial concerns that myeloid growth factors might stimulate myeloid
leukaemia cells meant that early studies of HGFs in association with
chemotherapy and bone marrow transplantation were conducted in lympho-
mas. HGFs were initially used for cases of Hodgkin's disease and non-
Hodgkin's lymphomas in relapse where autologous bone marrow transplanta-
tion is the treatment of choice. Both G- and GM-CSF, given after
conditioning, significantly reduce the duration of neutropenia and hospital
stay; there is generally a trend towards fewer infective episodes, less use of
antibiotics and less requirement for parenteral feeding; platelet recovery,
survival and relapse rates are unaffected.7
More recently, HGFs have been used to reduce the haematological toxicity of

out-patient remission induction therapy and non-bone-marrow-transplantation
salvage regimens. Whilst GM-CSF is effective in reducing periods of
neutropenia and associated infections and the duration of resulting hospital
admissions, there is again no effect on survival.8 Some worries remain that non-
haematological toxicity may be increased by such strategies and any possible
effects mediated through HGF receptors on non-haemopoietic cells (eg,
colonic carcinoma) remain ill-defined at present.
The failure of HGFs to reduce post-bone-marrow-transplantation relapse,

taken together with some studies showing a poorer outcome on HGFs, and
better understanding of drug-resistance mechanisms, suggests that dose
escalation alone does not hold the answer to increasing cure rates oflymphomas
and other malignancies.

ACUTE MYELOID LEUKAEMIA
Early in vitro data suggested that clonogenic acute myeloid leukaemia cells
might be induced to proliferate and differentiate by HGFs, conveying a
potential survival advantage.9 Clinical studies to date have been reassuring
in providing no evidence for such an effect impacting on remission, relapse
and survival rates; however, although studies have shown a significant
acceleration of neutrophil recovery with both G- and GM-CSF, this has
not been accompanied by reductions in the rate of overall or fatal
infections. "I

Theoretical and in vitro evidence in favour ofHGFs increasing the number of
cells in cycle and thus maximising cell kill from chemotherapy" has not
translated into greater remission rates, and indeed one study has shown a
deleterious effect of GM-CSF started two days prior to chemotherapy on
remission induction.'2 Current recommendations are therefore for the use of
HGFs following chemotherapy in acute myeloid leukaemia for life-threatening
infections and in those considered to be high-risk, such as the elderly and those
expected to regenerate slowly.'0 A recent large randomised study has, however,
failed to show any benefit of GM-CSF following daunorubicin/cytarabine
induction chemotherapy in patients over the age of 60.13

ALLOGENEIC BONE MARROW TRANSPLANTATION
As with autologous bone-marrow transplantation, both G- and GM-CSF have
been shown to enhance neutrophil regeneration in allogeneic transplantation;
however, neither agent has shown a beneficial effect on platelet recovery, graft-
versus-host disease (GVHD) or overall survival. " Some concerns remain as to
the effects of HGFs on GVHD, which is essentially cytokine-driven, and their
use is therefore recommended only for those who experience delayed
engraftment.
G-CSF has been shown to have some activity in those with leukaemia

relapsing after allogeneic bone-marrow transplantation, a group with a very
poor prognosis. Giralt and colleagues reported on seven patients who relapsed
within a year of transplant, three of whom achieved a complete remission of
more than nine months duration when treated with G-CSF alone.'15 The
mechanism was thought to involve both stimulation of the donor (grafted)
marrow and differentiation of the relapsed leukaemic clone.
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Growth factors and their
target cells

Those in routine clinical use
G-CSF: committed granulocyte

precursors
GM-CSF: less mature myeloid

precursors and macro-
phage precursors

Epo: erythroid precursors

Those in use in clinical trials and on
compassionate basis
IL-3: immature myeloid pre-

cursors, including eryth-
roid & megakaryocytic

IL-6: megakaryocyte & B-cell
precursors

Those in use in vitro
M-CSF: committed macrophage

precursors
SCF: pluripotent progenitor

cells
Tpo: megakaryocyte precursors

Box 2

HGFs licensed for clinical use
in UK

* erythropoietin, Epoetin alpha
(Eprex, Cilag Biotech) - glycosylated

* erythropoietin, Epoetin beta
(Recormon, Boehringer Mannheim)
- glycosylated

* G-CSF, Filgrastim (Neupogen,
Amgen) - non-glycosylated, E coli

* G-CSF, Lenograstim (Granocyte,
Chugai) - glycosylated, chinese
hamster ovary

* GM-CSF, Molgramostim
(Leucomax, Sandoz) - non-
glycosylated, E coli

Box 3

Indications in Hodgkins
disease and non-Hodgkin's
lymphoma

Bone marrow transplantation
* faster regeneration and reduced

hospital stay
* no adverse effects on relapse
* no survival advantage

Induction or salvage chemotherapy
* less neutropenia, may prevent

admissions
* greater non-haematological toxicity

Box 4

CHEMOTHERAPY FOR SOLID TUMOURS
G-CSF has been shown to reduce neutropenia and infection in patients with
small-cell lung cancer receiving chemotherapy,'6 with a concomitant reduction
in the need for antibiotic treatment and hospital admission. The benefit of using
G-CSF is modest, such that it is only recommended where the chemotherapy
regimen being used has a greater than 40% chance of inducing febrile
neutropenia.3
The advent of transplantation using PBPCs has increased the potential for

chemotherapy in solid tumours such as lung and breast carcinoma. Although
the high dose chemotherapy that can be given with such a strategy is generally
associated with a gratifying early response, it remains unclear whether such
intensification offers any long-term advantage over conventional dose
chemotherapy.'7 In breast carcinoma, response can be predicted based on that
seen with conventional dose chemotherapy, however, even in these responsive
patients only 15-20% achieve a durable remission with transplantation.
Randomised controlled trials are currently underway to establish the appro-
priate indications for use of these various therapeutic approaches but early
results do suggest that high-dose strategies with stem cell support may have a
role in the poor prognosis, node-positive group. Similar results have also been
reported in lung cancer. Initial results were disappointing but more recent
studies with high-dose therapy plus PBPC and local radiotherapy in limited-
disease small-cell lung cancer have shown much better results than those
receiving conventional chemotherapy.'8 Further controlled studies are under-
way.

PBPC mobilisation and transplantation

PROBLEMS WITH BONE-MARROW TRANSPLANTATION
Despite the encouraging reduction in the duration of neutropenia following
autologous bone-marrow transplantation with the use of HGFs, two problems
remain: firstly, a 10- 14-day period of obligate neutropenia with significant
morbidity and, secondly, platelet dependence lasting an average of4- 6 weeks.7
This prompted the search for alternative sources of progenitor cells, which
might lead to more rapid engraftment.

MOBILISATION
Progenitor cells were first demonstrated in the peripheral blood in 1962, and an
increase during regeneration following chemotherapy was noted a decade later.
It was not until the availability of HGFs, however, that such cells were put to
widespread clinical use. Several studies have now confirmed that using PBPCs
allows faster regeneration than using bone marrow (typically neutropenia and
thrombocytopenia of less than two weeks), due to the presence of a mixture of
'stem-cells' and more committed progenitor cells; this limits morbidity and
allows high-dose chemotherapy to be used in patients who were previously
ineligible for bone-marrow transplantation.'9 PBPC transplantation is being
used increasingly for solid tumours and is rapidly replacing autologous bone
marrow transplantation for haematological malignancies.
PBPCs are best mobilised by a combination of myelosuppressive chemother-

apy followed by G- or GM-CSF; this effects a 10- 100-fold increase in PBPC
numbers, which can be collected using cell-separation technology (box 5; figure
2). This harvesting procedure allows transplantation of those who have received
previous pelvic radiotherapy and who are unfit for a general anesthetic; it also
holds the potential for less tumour contamination of the harvested product,
which is currently being investigated prospectively using polymerase chain
reaction techniques. There is no additional benefit in using HGFs after
transplantation; the minimum period of neutropenia remains seven or eight
days.

THE FUTURE OF PBPCS
PBPCs are also increasingly used for allogeneic transplantation, with HGF
alone used for the mobilisation phase. Regeneration is faster than bone marrow
transplantation, and initial data suggest no adverse effects on GVHD or disease
outcome compared with traditional allogenic bone marrow transplantation.20
Remaining issues in using PBPCs are the threshold of cells required for both
short-term and long-term reconstitution (current estimates are 2 x 106 CD34+
cells/kg or 10 x 104 CFUJ-GMIkg) and the best method of assessing this (GD34
by immunophenotyping or CFUJ-GM by colony assay).2' The potential for
using cocktails of HGFs for ex vivo expansion of PBPCs will allow the wider
application of their use, especially when combined with gene therapy
techniques.22
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Transplantation using
PBPCs

* harvest using chemotherapy + HGF
* faster regeneration including

platelets; shorter hospital stay
* possible even with bone marrow

involvement (outcome here remains
under evaluation)

* applicable to allogeneic
transplantation (HGF only)

* potential for ex vivo expansion and
gene therapy

Box 5
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Figure 2 Role of HGFs in normal haematopoiesis

Cytopenia and bone marrow failure

APLASTIC ANAEMIA
Patients with aplastic anaemia generally have high circulating concentrations of
HGFs such as G-CSF, GM-CSF and erythropoietin (Epo), and in vitro studies
have shown normal HGF production from stromal cells of aplastic patients.
Concern has recently been expressed that the use of HGFs in cases of severe
aplastic anaemia only delays definitive treatment such as bone marrow
transplantation,23 with an attendant risk of increased alloimmunisation and
greater transformation to acute leukaemia; later use of bone-marrow
transplantation in these patients has an ever-decreasing rate of cure. Use of
HGFs is currently justified for the treatment of systemic infections and, in the
context of clinical trials, especially for those in whom transplantation is not a
realistic treatment option.

MYELODYSPLASIA
The cytopenia in myelodysplasia is often less severe than in aplastic anemia, at
least initially, and may be restricted to one or two lineages; in addition, these
patients are predominantly of an age at which bone marrow transplantation is
not a treatment option. HGFs have been used singly, in combination and
together with low-dose chemotherapy or differentiating agents. Although
overall responses have been disappointing, some studies have shown beneficial
effects on haemoglobin levels/transfusion dependency and neutrophil counts;
thrombocytopenia is ameliorated much less often. Few of these generally small
studies have shown significant impact on quality of life and survival. Better
patient selection, for example, using molecular genetics, should allow for
improvement of these results in current trials.

HIV INFECTION
Cytopenia in HIV infection is multifactorial, with immune factors, drugs,
infection, bone marrow infiltration and HIV infection per se all playing a part;
treatment-related myelosuppression is a major limiting factor in therapy ofboth
HIV and its complications. A significant number of patients have been shown to
respond to Epo with a decreased transfusion requirement and improved quality
of life;"4 retrospective analysis showed greater response rates in those with low
(<500 IU/ml) endogenous Epo levels.
G-CSF has been used with variable dosing intervals to maintain the absolute

neutrophil count above 1.5 x 109/1,25 enabling continuation of antibiotic
treatment or chemotherapy, and controlling bacterial infections. GM-CSF
has been shown to correct functional abnormalities in neutrophils and
monocytes with no adverse effects on viral replication or p24 antigen levels.'6
The thrombocytopenia ofHIV has proven more difficult to reverse, with neither
G-, GM-CSF nor Epo showing any activity. Zidovudine is sometimes effective,
studies with interleukin-3 (IL-3) are ongoing, and thrombopoietin will
doubtless be tried soon.
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AGRANULOCYTOSIS AND NEUTROPENIA
HGFs have been used for the treatment of drug-induced agranulocytosis with
encouraging results: the duration of severe neutropenia is reduced, with a
concomitant reduction in mortality to around 5%.27 The median time to
recovery of neutrophils is eight days, however, the wide range (2-56 days)
suggests that many patients do not require treatment with HGFs for a
successful outcome; initial bone marrow assessment seems to be the best
predictor of the need for HGF therapy - those showing white cell aplasia should
receive HGF, whilst those showing early regeneration ('maturation arrest') will
recover without the need for HGF. Congenital agranulocytosis carries a much
higher morbidity, with some sufferers dying in childhood. In vitro studies have
demonstrated normal numbers of granulocyte precursors, which exhibit
decreased maturation and growth; this can be reversed with HGFs in vitro,
and their use in vivo has been accompanied by increases of neutrophil counts to
within the normal range, resolution of chronic infections, a decrease in new
infections and decreased antibiotic usage.28 The most severely affected children,
those with Kostmann's syndrome, show marrow hyperplasia with inadequate
maturation and an increased risk of transformation to myelodysplasia and acute
myeloid leukaemia. Such children show a remarkable response to G-CSF,
although recent evidence suggests that mutation of the G-CSF receptor may
confer a yet further increased risk of malignant transformation.29

Cyclic neutropenia is characterised by regular fluctuation in the peripheral
blood neutrophil counts, often with a periodicity of 21 days. The disease has
been attributed to a defect of progenitor cell regulation, although the precise
lesion has not been identified; the disease can be transferred by bone-marrow
transplantation in animal models, and responds poorly to standard treatment
modalities. G-CSF has been shown to have a beneficial effect on both
neutropenia and the resulting symptoms from infectious complications.30
A few patients with autoimmune neutropenia have been treated with G-CSF

to good effect. Surprisingly, these patients required quite small doses of G-CSF
(30 MU twice weekly) to attain neutrophil counts greater than 1 x 109/l, which
were associated with reduced morbidity, resolution of oral ulceration and
decreased infection rate.3' Patients with both cyclic and autoimmune
neutropenia have been shown to maintain lasting responses (9-18 months)
to G-CSF, with no evidence of bone marrow exhaustion.

Anaemia associated with malignancy, chronic disease and surgery

MALIGNANCY-ASSOCIATED ANAEMIA
Many patients with malignancy have a degree of anaemia, which is a major
determinant of their quality of life; the pathogenesis includes chemo- and/or
radiotherapy, bleeding, bone-marrow infiltration and immune factors. Where
the erythroid lineage is not a part of the malignant clone, the anaemia is often
characterised by an Epo level inappropriately low for the degree of anaemia; in
many such cases the anaemia will respond to therapy with Epo, with a reduction
in transfusion requirements and improved quality of life.32 The anaemia
associated with myeloma responds better than that associated with various solid
tumours, with breast and colonic carcinomas showing the poorest response. In
cases associated with bone-marrow infiltration, the response is proportional to
the degree of infiltration; useful responses may still be obtained.

ANAEMIA IN CHRONIC DISEASE STATES
The demonstration that the multifactorial anaemia associated with end-stage
renal failure was largely due to Epo deficiency, and that upwards of 95% of such
patients will respond to Epo therapy has transformed the management of this
group of patients.33 It has also highlighted debate about the provision of such
undoubtedly efficacious, but expensive treatment within various healthcare
systems, and led to a search for other chronic-disease associated anaemias
which might show a response to Epo.
Most patients with anaemia of chronic disease are only moderately anaemic

and may derive little benefit from Epo therapy; symptoms attributed to anaemia
may in fact be due to the underlying condition. Some patients do have
symptomatic anaemia, and Epo has been shown to be effective in patients with
rheumatoid arthritis when given thrice weekly.34

ERYTHROPOIETIN AND AUTOLOGOUS BLOOD DONATION
Autologous donation prior to elective surgery is becoming increasingly popular,
and the feasibility of this is much enhanced by Epo therapy. Epo allows the
necessary units to be collected over a shorter period of time, and means that
patients with some degree of anaemia can still donate without haemodynamic

219



Ketley, Newland

compromise. However, a recent study has demonstrated that this is a complex
issue: some orthopaedic patients required more allogeneic blood if they had
donated more autologous units, and many autologous units were wasted.35 The
use of Epo does not currently form part of UK guidelines for autologous
transfusion,36 and advice should be sought from haematologists locally.

Current research and future practice

THROMBOPOIETIN
Advances in growth factor support of patients with haematological malignancy
have been hindered by the lack of an effect on platelet recovery with single
HGFs; even combinations, such as GM-CSF with IL-3, which have some
activity, have unacceptable toxicity for other than compassionate usage. A
platelet-specific HGF was postulated but remained elusive until last year
when, after many years of searching, thrombopoietin was described.37 This
glycoprotein binds to the previously described c-Mpl ligand on megakar-
yocytes and has modulatory effects on both proliferation and maturation; its
efficacy in conditions with deficient platelet production will soon be tested,
and it should prove a valuable member of the recombinant HGF
armamentarium.

EX VIVO EXPANSION AND MANIPULATION OF PROGENITOR CELLS
The ability to isolate and grow progenitor cells in long-term culture has raised
the possibility of manipulating them to realise therapeutic goals. It has already
been demonstrated that progenitor cells can be expanded many-fold by
combinations of HGFs, such as stem-cell factor, IL-1, IL-3, IL-6, G-CSF and
GM-CSF.22 Such techniques allow the generation of sufficient cells for
transplantation from inadequate initial harvests, or without the need for
mobilisation chemotherapy/HGFs, and have already been put to clinical use
with good effect.38 The availability of a rich source of progenitor cells has
allowed the development of techniques whereby 'therapeutic' genes may be
transferred into haemopoietic stem cells with the opportunity to treat a wide
range of human disease. Unfortunately, low efficiency of transfer and limited
expression of the transferred gene have largely prevented any beneficial effect so
far. There have been few clinical studies but important progress has been
achieved in some of the inherited genetic disorders.39'40 In cancer therapy there
has been less progress, despite considerable effort,4' but gene marker studies in
which the transferred genes are used simply to track the infused components of
the stem cell harvest have already shown their utility. Genetic marking has
shown that following autologous transplantation cells present within the graft
are capable of causing relapse42 and such approaches may aid adequate purging
prior to transplantation.43

NOVEL INDICATIONS
Intradermal GM-CSF has been shown to improve wound-healing in patients
with lepromatous leprosy, who showed enhanced keratinocyte growth,
Langerhans recruitment and increased rate of wound healing.44 Animal models
suggest that these effects do not operate via increased circulating neutrophil or
monocyte/macrophage numbers, and that the effect is particular to GM-CSF.45
Studies are ongoing using local GM-CSF to treat chronic leg ulcers and
cutaneous Kaposi sarcoma lesions.

Locally applied GM-CSF has similarly been shown to benefit patients at risk
of oral mucositis following myeloablative chemotherapy. Effects such as
enhanced chemotaxis, increased cell adhesion and neutrophil and macrophage
activation are thought to explain the reduced incidence and severity of oral
mucositis associated with the use of GM-CSF mouthwashes.

Conclusion

HGFs have rapidly established a central role in the treatment of a wide range of
haematological disorders and randomised studies have confirmed their
effectiveness in reducing blood product support and facilitating early discharge
from hospital.46Although they do not appear to affect survival, their effect on
quality of life is undisputed. Their use in non-haematological malignancies is
also now becoming established for similar reasons. Initial fears about
stimulation of malignant clones have proved largely groundless, although
long-term effects in those with bone marrow failure have yet to be excluded.
Recent appraisal has centred on appropriate use based on morbidity and
mortality analysis and studies are now concentrating on dose intensification and
enhanced response. Cost-effectiveness and patient quality of life are also
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important and the findings in recent studies have confirmed the savings
associated with shorter in-patient episodes47 and the improvement in
morbidity.4648 Thrombopoietin should soon join the other clinically available
HGFs to aid treatment of thrombocytopenia due to inadequate marrow
production and the results of the current studies are eagerly awaited.

1 Gordon MY, Blackett NM. Routes to repopula-
tion - a unification of the stochastic model and
separation of stem-cell subpopulations. Leukae-
mia 1994; 8: 1068-72.

2 Russell NH. Autocrine growth factors and
leukaemic haemopoiesis. Blood Rev 1992; 6:
149-56.

3 ASCO Expert Panel. American Society of
Clinical Oncology - Recommendations for the
use of hematopoietic colony-stimulating factors:
evidence-based, clinical practice guidelines. J
Clin Oncol 1994; 12: 2471-508.

4 Kuhns DB, Alvord WG, Gallin JI. Increased
circulating cytokines, cytokine antagonists and
E-Selectin after intravenous administration of
endotoxin in humans. J Infect Dis 1995; 171:
145 - 52.

5 Williams MA, Kouroumoussis I, Syndercombe-
Court D, et al. Administration of recombinant
human granulocyte-macrophage factor after
chemotherapy regulates the expression and
secretion of monocyte tumour necrosis factor
and TNF receptors p55 and p75. Blood 1995;
11: 4234-42.

6 Biesma DH, Marx JJ, Kraaijenhagen A, et al.
Lower homologous blood requirement in auto-
logous blood donors after treatiment with re-
combinant human erythropoietin. Lancet 1994;
344: 367-70.

7 Nemunaitis JL, Singer JW. The role of haemo-
poietic growth factors in bone marrow trans-
plantation: current status and future prospects.
In: Armitage J, Burnett A, Newland AC, Keating
A, eds. Cambnidge Medical Reviews, Haematolo-
gical Oncology, Vol 2, 1992; pp 73-102.

8 Gerhartz HH, Engelhard M, Meusers P, et al.
Randomized double-blind placebo-controlled
phase III study of recombinant human granulo-
cyte-macrophage colony-stimulating factor as
adjunct to induction treatment of high-grade
malignant non-Hodgkin's lymphomas. Blood
1993; 82: 2329-39.

9 Vellenga E, Young DC, Wagner K, et al. The
effects of GM-CSF and G-CSF in promoting
growth of clonogenic cells in acute myeloblastic
leukaemia. Blood 1987; 69: 1771-6.

10 Estey EH. Use of colony-stimulating factors in
the treatment of acute myeloid leukemia. Blood
1994; 83: 2015-9.

11 Tafuri A, Andreeff M. Kinetic rationale for
cytokine-induced recruitment of myeloblastic
leukemia followed by cycle-specific chemother-
apy in vitro. Leukemia 1990; 4: 826-34.

12 Estey E, Thall PF, Kantarjian H, et al. Treat-
ment of newly diagnosed acute myelogenous
leukemia with granulocyte-macrophage colony-
stimulating factor (GM-CSF) before and during
continuous-infusion high-dose ara-C + daunor-
ubicin: comparison to patients treated without
GM-CSF. Blood 1992; 79: 2246- 55.

13 Stone RM, Berg DT, George SL, et al.
Granulocyte-macrophage colony-stimulating
factor after initial chemotherapy for elderly
patients with primary acute myelogenous leu-
kaemia. N Engl Jf Med 1995; 332: 1671- 7.

14 Lazarus HM, Rowe JM. Clinical use of hema-
topoietic growth factors in allogeneic bone
marrow transplantation. Blood Rev 1994; 8:
169-78.

15 Giralt S, Escudier S, Kantarjian H, et al.
Preliminary results of treatment with filgrastim
for relapse of leukemia and myelodysplasia after
allogeneic bone marrow transplantation. N Engl
JMed 1993; 329: 757-61.

16 Crawford J, Ozer H, Stoller R, et al. Reduction
by granulocyte colony-stimulating factor of fever
and neutropenia induced by chemotherapy in
patients with small-cell lung cancer. N Engl Jf
Med 1991; 325: 164-70.

17 Triozzi PL. Autologous bone marrow and
peripheral blood progenitor transplant for breast
cancer. Lancet 1994; 344: 418-9.

18 Brugger W, Frommhold H, Pressler K, et al. Use
of high dose etoposid/ifosfamide/epirubicin and
peripheral blood progenitor cell transplantation
in limited disease small cell lung cancer. Semin
Oncol 1955; 22: 3-8.

19 Holyoake TL, Franklin IM. Bone marrow
transplants from peripheral blood. BMJ 1994;
309: 4-5.

20 Bienz N, Russell NH. Is there a role for the use
of peripheral blood cells in allogeneic BMT?
Current medical literature, leukaemia and lym-
phoma. R Soc Med Series 1994; 2: 99-103.

21 Gianni AM. Where do we stand with respect to
the use of peripheral blood progenitor cells? Ann
Oncol 1994; 5: 781-4.

22 Haycock DN, To LB, Makino S, Dowse TL,
Juttner CA, Simmons PJ. Ex vivo expansion of
human haemopoietic progenitors with cytokines.
In: Wunder B, Murphy M, eds. Hemopoietic stem
cells: biology and therapeutic applications. New
York: Marcel Dekker Inc, 1995.

23 Marsh JCW, Socie G, Schrezenmeier H, et al.
Haemopoietic growth factors in aplastic anae-
mia: a cautionary note. Lancet 1994; 344: 172-
3.

24 Fischl M, Galpin JE, Levine JD, et al. Recombi-
nant human erythropoietin for patients with
AIDS treated with zidovudine. N Engl J Med
1990; 322: 1488-93.

25 Goran B. Abstract at VIIIth International Con-
ference on AIDS, Amsterdam, 1992.

26 Baldwin GC, Gason JC, Quan SG. Granulocyte-
macrophage colony-stimulating factor enhances
neutrophil function in acquired immune defi-
ciency syndrome. Proc Natl Acad Sci 1988; 85:
2763- 6.

27 Sprikkelman A, de Wolf JTM, Vellenga E. The
application of hematopoietic growth factors in
drug-induced agranulocytosis: a review of 70
cases. Leukemia 1994; 8: 2031-6.

28 Bonilla MA, Gillio AP, Ruggeiro M, et al. Effects
of recombinant human granulocyte colony-sti-
mulating factor on neutropenia in patients with
congenital agranulocytosis. N Engl J Med 1989;
320: 1574-80.

29 Dong F, Brynes RK, Tidow N, et al. Mutations
in the gene for granulocyte colony-stimulating-
factor receptor in patients with acute myeloid
leukaemia preceded by severe congenital neu-
tropenia. NEnglJMed 1995; 333: 487-93.

30 Hammond WP, Price TH, Souza LM, Dale DC.
Treatment of cyclic neutropenia with granulo-
cyte colony-stimulating factor. N Engl J Med
1989; 320: 1306 -1 1.

31 Smith JG, Mainwaring J, Lush R. The use of G-
CSF in patients with serologically proven auto-
immune neutropenia. Br Jf Haematol 1995;
89S1: 44.

32 Duhrsen U, Hossfeld DK. Hematopoietic
growth factors and the treatment of tumor-
associated anemias. Ann Hematol 1994; 69:
213-21.

33 Esbach JW, Abdulhadi MH, Browne JK, et al.
Recombinant human erythropoietin in anemic
patients with end stage renal disease. Ann Intern
Med 1989; 111: 992 - 1000.

34 Pincus T, Olsen NJ, Russell IJ, et al. Multicenter
study of recombinant human erythropoietin in
correction of anaemia in rheumatoid arthritis.
Am J' Med 1990; 89: 161 - 8.

35 Goodnough LT. Clinical application of recom-
binant erythropoietin in the perioperative period.
In: Spivak JL, ed. Erythropoietin: basic and clinical
aspects. Haem Oncol Clin North Am 1994; 8:
1011- 20.

36 BCSH. Guidelines for autologous transfusion.
In: Roberts B, ed, Standard haematology practice
2. Oxford: Blackwell Science, 1994.

37 Metcalf D. Thrombopoietin at last. Nature 1994;
369: 519-20.

38 Brugger W, Heimfeld S, Berenson RJ, et al.
Reconstitution of haematopoiesis after high-dose
chemotherapy by autologous progenitor cells
generated ex vivo. N Engl J Med 1995; 333:
283-7.

39 Blaese RM. Development of gene therapy for
immunodeficiency: adenosine deaminase defi-
ciency. PediatrRes 1993; 33 (Suppl 1): S49-53.

40 Krall WJ, Challita PM, Perlmutter LS, et al.
Cells expressing human glucocerebroside from a
retroviral vector repopulate macrophages and
central nervous system microglia after murine
bone marrow transplantation. Blood 1994; 83:
2737 -48.

41 Forni G, Parmiani G, Guarini A, et al. Gene
transfer in tumour therapy. Ann Oncol 1994; 5:
789 -94.

42 Brenner MK, Rill DR, Moen RC, et al. Gene-
marking to trace origin of the relapse after
autologous blood transplantation. Lancet 1993;
341: 85-6.

43 Brenner MK. Contribution of marker gene
studies to haemopoietic stem cell therapies. Stem
Cells 1995; 13: 453-61.

44 Kaplan G, Walsh G, Guido LS, et al. Novel
responses of human skin to intradermal recom-
binant granulocyte/macrophage-colony-stimu-
lating factor: Langerhans cell recruitment,
keratinocyte growth and enhanced wound heal-
ing. J Exp Med 1992; 175: 1717-28.

45 Jyung RW, Wu L, Pierce GF, Mustoe TA.
Granulocyte/macrophage - colony - stimulating
factor and granulocyte-colony-stimulating fac-
tor: differential action on incisional wound
healing. Surgery 1994; 115: 325-34.

46 Schmitz N, Linch DC, Dreger P, et al. Rando-
mised trial of filgrastim-mobilised peripheral
blood progenitor cell transplantation versus
autologous bone-marrow transplantation in lym-
phoma patients. Lancet 1996; 347: 353-7.

47 Von Bueltzingsloewen A, Gyger M, Balanger R,
et al. Cost effectiveness of rh-GM-CSF in
autologous bone marrow transplantation. In:
Maroun JA, Buskard NA, eds. Colony stimulating
factors in clinical practice. R Soc Med Series 184,
1992; 31-8.

48 Gisselbrecht C, Prentice HG, Bacigalupo A, et
al. Placebo controlled Phase III trial of leno-
grastim in bone marrow transplantation. Lancet
1994; 343: 696-700.


