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SUMMARY

The colony stimulating factors, i.e., granulocyte colony-stimulating
factor (G-CSF) and granulocyte-macrophage colony-stimulating factor
(GM-CSF), stimulate the production of phagocytes both in vitro and in
vivo. G-CSF sdective stimulates neutrophil formation; GM-CSF
stimulates the formation of neutrophils, monocytes and eosinophils. G-
CSF levelsincrease with infections and reduced levels of G-CSF result
in severe neutropenia. Administration of the CSFs cause a dose depen-
dent rise in the blood neutrophil count attributed to increased
production of these cells by the bone marrow. Randomised clinica
trias have established that the CSFs are useful to accelerate marrow
recovery in a variety of clinica settings including myelosuppression
after chemotherapy and haematopoietic transplantation. G-CSF is aso
useful for treatment of severe chronic neutropenia due to congenita
cyclic or idiopathic neutropenia. Itisaso used widely for patients with
neutropenia due to HIV infection and autoimmune diseases. The
potency and relative safety of these agents has prompted the exploration
of their use in normal subjects to facilitate the collection of neutrophils
and peripheral blood stem cells. In dl of these applications, the
underlying principle isto increase production of phagocytes because of
the vital role of these cellsin preventing and containing infections.

INTRODUCTION

The colony stimulating factors or
CSFs are a family of glycoproteins
which play aregulatory role in the pro-
duction deployment and function of
white blood cells. Bradley and Metcalf
(1966) coined this term after they dis-
covered that mouse bone marrow cells
will form clusters and colonies of dif-
ferentiating haematopoietic cells when
grown in a semi-solid medium overlay-
ing other cells capable of producing the
CSFs. Concomitantly Ishikawa et al.
(1966) made smilar observations. Sub-
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sequent studies showed that the CSFs
can be detected in the supernatants from
cultures of many types of cells (Metcalf,
1991). The CSFs are dso found in
serum, plasma and urine, particularly
with acute infections and after endotoxin
adminigtration (Cebon et al., 1994;
Selig and Nothdurft, 1995; Waring &
al., 1995).

The development of molecular
biotechnology has greatly expanded our
knowledge of the CSFs and reated
haematopoietic growth factors (HGFs)



and the interleukins (now IL-1 through
IL-17). There are three CSFs which
have been studied extensively including
clinicd  invedtigations:  granulocyte
colony-stimulating factor  (G-CSF);
granulocyte-macrophage colony-stimu-
lating  factor (GM-CSF); and
macrophage colony stimulating factor
(M-CSF). A fourth factor, once caled
multi-CSF but now called IL-3, has also
been widely studied. Many of the
interleukins as well asthe HGFs can af-
fect haematopoietic colony formation in
vitro, but the term CSF is currently not
used for these factors. Only G-CSF and
GM-CSF are approved for clinica use

by governmental authorities in the USA
and Europe.

Early studies of the CSFs focused on
their effects on cdl proliferation. It is
now widely recognised that they have
many other effects, including accelera-
tion of differentiation and maturation,
enhancement of function, modulation of
cytokine production and inhibition of
apoptosis of both mature and immature
cells (Hill et al., 1995; Daleet al., 1995;
Priceet a., 1996). This diversity of ef-
fects has provided many opportunities
for clinica applications of the CSFs
(Mertdlsman  and Hermann  1990;
Morstyn and Dexter, 1994).

COLONY-STIMULATING FACTORS AND THE PRODUCTION
AND FUNCTION OF PHAGOCYTES

Clinicd development of the CSFs
has been based on our understanding of
the role of phagocytes, i.e., neutrophils,
monocytes, macrophages and
eosinophils, in host defences and the
physiological effects of these growth
factors on the deployment and function
of these criticd cells. Phagocytes are
derived from haematopoietic stem cells.
Throughout life, norma production of
phagocytes depends on a continual input

from these precursor cdls
(Quesenberry, 1995), (Babior and
Golde, 1995); (Lehrer and Gangz,

1995). Formation of phagocytes from
early precursors ordinarily takes ten to
fourteen days. For neutrophils there is a
marrow storage pool of cells which can
be readily released into the circulation in
response to endotoxaemia or infection.
For monocytes and other leukocytes
there are no marrow storage pools, but
there are large supplies of these cells
and thelr progeny in many tissues.
Blood neutrophils have no proliferative
potentia; they are dl destined to die in
the blood or tissues. By contrast,
monocytes are released earlier in their

development, have considerable prolif-
erative potentid and a reatively long
tissue life span (Lehrer and Gangz,
1995). These overlapping and comple-
mentary features of leukocytes con-
tribute to the strength of the host de-
fence system.

Infection or tissue injury provokes an
acute inflammatory response. Neu-
trophils are mobilised from the marrow
reserve and trangit through the blood to
the site of invasion and injury. Classica
studies of inflammation demonstrate the
orderly process of fluid exudation,
neutrophil then monocyte accumulation,
fibroblast and epithelia cedll proliferation
and wound healing. In this response, it
is the neutrophil supply which is often
deficient, leading to enhanced suscep-
tibility to serious infections (Dale,
1995).

There are many clinica examples of
the criticd role of neutrophils. For ex-
ample, in the leukocyte adhesion defi-
ciency syndromes, neutrophils and
other leukocytes are produced abun-
dantly (Harlan, 1993). However, the
cells cannot adhere to the vascular en-
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dothelium normally. Therefore they can
not migrate to the tissues and repeated
serious infections occur. Glucocorticos-
teriod therapy predisposes to infection
in part by similar mechanisms, i.e., im-
parment of the celular component of
acute inflammatory response (Dale,
1974; Goldstein, 1992). Impairment of
the neutrophil response is also induced
by administration of monoclona anti-
bodies directed to the critica integrins
on the neutrophil surface, e.qg.,
CD11b/18, which are responsible for
mediating this response (Harlan, 1993).
Neutropenia predisposes also to infec-
tion because of a deficient acute in-
flammatory response. Tissue locdisa
tion of infection fails and bacteragmia
and the sepsis syndrome follow because
the invason by microbes goes
unchecked (Dale, 1995). In some other
rare diseases such as the Chediak-Hi-
gashi syndrome and glycogen storage
disease 1b, there are deficiencies of both
the neutrophil supply and capacity of the
neutrophils to kill microbes (Smolen
and Boxer, 1995). Overadl, however, it
is the supply of cdls rather than
deficiency in their capacity to Kill
bacteria or fungi which is the predomi-

nant phagocyte disorder predisposing to
infections.

With minor infections the body's
supply of phagocytes in the marrow,
blood and tissues is sufficient to protect
the host from serious consequences.
With more severe infections, the in-
flammatory response and the outcome
for the patient depends upon the capac-
ity of the host to increase the supply of
these cells. Patients recently receiving
myelotoxic chemotherapy or radiother-
apy are vulnerable to infections because
of low circulating neutrophils and a re-
duced proliferative cepacity of their
haematopoietic system (Liles and Dale,
1995). In a variety of haematologica
disorders causing severe chronic neu-
tropenia, e.g., congenital, cyclic and
idiopathic neutropenia, the severity of
reduction in the neutrophil supply de-
termines the frequency and severity of
bacterid  infections (Dale, 1979).
Agranulocytosis occurring as a idiosyn-
cratic reaction to drugs, nutritional de-
ficiencies such as folate and vitamin B
deficiency, acoholism and ageing are
other causes of increased susceptibility
to infections due to a reduced neutrophil
response.

CLINICAL APPLICATIONS OF THE CSFs

Because phagocytes play such a
critical role in preventing opportunistic
infections, there have been many efforts
to find ways to stimulate their produc-
tion, including treatment with vitamins,
lithium, androgens and the glucocorti-
costeroids. In genera these agents
proved to be relatively ineffective (Dale,
1995). In the late 1980's, granulocyte
colony-stimulating factor (G-CSF) and
granulocyte macrophage colony-stimu-
lating factor (GM-CSF) became avail-
able for clinicad investigations. They
have proven to be very useful agents for
preventing fever and infections by en-
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hancing the phagocyte supply under a
variety of circumstances (Lieschke and
Burgess, 1992; Petersdorf and Dale,
1994).

G-CSF

G-CSF is a 174 amino acid glyco-
protein produced in vitro and in vivo by
macrophages, fibroblasts, endothdid
cells and other types of cells (Molineux
and Dexter, 1994). Endogenous levels
of G-CSF are increased with infections
and endotoxaemia (Cebon and Layton,
1994). This growth factor is essentid
for maintenance of norma blood neu-



trophil levels. Experimentaly induced
deficiency states result in reduction of
blood neutrophils to about 20% of nor-
mal (Hammond et al., 1991; Lieschke et
al., 1994).

Early clinicad trials of G-CSF
showed that it induces a dose dependent
and selective increase in the blood neu-
trophil count (Morstyn e al., 1988;
Gabrilove et al., 1988). In haematologi-
caly normal persons, blood neutrophils
can readily be raised to 2 to 3 times the
norma level within a few hours after
injection of this agent (Chatta e al.,
1994; Liles et al., 1997). With repeated
administration, neutrophil levels rise to
a dose dependent plateau. This occurs
because G-CSF increases proliferation
of marrow neutrophil precursors, stimu-
lates the transit of neutrophils through
the marrow and releases the maturing
cells from the marrow to the blood
(Priceet d., 1996).

Randomised control trials have es-
tablished that G-CSF can reduce the du-
ration and severity of neutropenia and
reduce the occurrence of fever and in-
fection following cancer chemotherapy
(Lieschke and Burgess, 1992). Two
randomised control trials established
this effect (Crawford et al., 1991; Tril-
let-Lenoir et al., 1993). They showed
that the duration of severe neutropenia
was decreased from approximately 6
daysto 3 days when patients with small
cdl lung cancer treated with a combina-
tion of cyclophosphamide, doxorubicin
and etoposide received G-CSF at a daily
dose of 5 ug/kg/day beginning the day
after completion of the six cycles of
chemotherapy. The differences in the
duration of neutropenia and the occur-
rence of fever with neutropenia (febrile
neutropenia) were datistically highly
significant. Although not a primary
endpoint in this trial, the occurrence of
documented infections was reduced by
approximately 50% (Crawford et al.,
1991). Roughly 1/3 of the febrile pa

tients had a documented infection. There
was one important difference between
these two trids. In the US study
patients were randomised a enrolment,
but, if they developed febrile
neutropenia, they were alowed to cross
over from the placebo to the treatment
arm in subsequent cycles. There was a
more rapid attrition of patients from the
placebo group than from the G-CSF
group, complicating analysis of the
data. The second randomised study,
performed in Europe, did not alow for
cross-overs (Trillet-Lenoir et al., 1993).
It showed smilar overall results to the
first trial, but also better maintenance of
on-schedule administration of chemo-
therapy. In these studies, antibiotic
treatment was not standardised so many
potentia interrelationships of neutrope-
nia, prophylactic and therapeutic an-
tibiotics and G-CSF administration were
not studied. The efficacy of antibiotics,
singly or in combination, as an
dternative to G-CSF also has not yet
been studied carefully. In general, how-
ever, prophylactic and excessive use of
antibioticsin this setting is to be avoided
because of the wel recognised
frequency of bacteria and fungal super-
infection in these highly susceptible
hosts (Goldmann et al., 1996).
Subsequent to these two randomised
trials, numerous studies have confirmed
that G-CSF can accelerate marrow re-
covery adfter a wide variety of
chemotherapeutic agents. The efficacy
of G-CSF is largely determined by the
capacity of the marrow to respond to
treatment. Clinical benefit is reflected by
the duration and severity of neutropenia
which would occur if the CSFs were or
were not given. Mogt studies suggest
that the greatest clinica benefit occurs
when this cytokine is administered soon
after the completion of chemotherapy,
usualy the following day (Ozer, 1994).
The benefit is attributed to stimulating
marrow recovery in advance of the nat-
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ural response. Because there are few
side effects associated with G-CSF
treatments and its benefits are so readily
apparent, there has been much discus-
sion about the appropriate patients for
treatment with this relatively costly ther-
apy (Boogaerts and Demuynck, 1996).
Currently it appears if there is a least a
30% risk of febrile neutropeniain a pa-
tient receiving conventional chemother-
apy, the cost isjustified by the reduction
in hospital and other medica expenses
(Smith, 1996). This estimate does not
take into account the patient's loss of
income with the occurrence of fever,
infection or hospitalisation  after
chemotherapy or the impact of this
medical treatment on the patient's qual-
ity of life.

G-CSF is aso proven to accderate
bone marrow recovery after intensive
chemotherapy and  haematopoietic
transplantation (Bierman et al., 1996).
Benefits are in general smilar to those
seen after chemotherapy but may be of
greater magnitude because of the
marked susceptibility to infection which
follows transplantation. Despite optimal
carethereis still a period of severe sus-
ceptibility to infection after marrow ab-
lation which cannot be overcome by G-
CSF or any other growth stimulating
factors.

Soon after the introduction of G-CSF
it was recognised that the periphera
blood contains large quantities of
haematopoietic precursor cells a few
days after starting a daily schedule of
adminigtration  of  this  cytokine
(Sheridan, 1996). These cells, now
caled periphera blood progenitor cells
(PBPCs of PBSCs), can be frozen for
later infusion and can be used as an d-
ternative to bone marrow cels for
haematopoietic  transplantation. Most
major transplant centres now use
PBPCs for autologous and dlogeneic
transplantation because infusion of very
large numbers of these cells reduces

both the duration of neutropenia and
thrombocytopenia after transplantation
very substantialy.

G-CSF is aso effective for treatment
of patients with severe chronic neu-
tropenia due to congenial, cyclic and
idiopathic neutropenia (Dale et al.,
1993). Neutrophil production in these
conditions is impaired because of in-
trinsc disorders of neutrophil forma-
tion. Production can be enhanced by
daily subcutaneous injection of G-CSF
doses of 1-10 ug/kg/day for most pa
tients. Treatment reduces the occurrence
of mouth ulcers and gingivitis as well as
the occurrence of fever and requirement
for antibiotic treatment and hospitalisa
tion (Dale e a., 1993). Continued
trestment is required, but it has been
well tolerated and well accepted by
hundreds of patients without loss of ef-
fectiveness due to the development of
antibodies to the G-CSF (Dale, 1995).

G-CSF is aso now used on a long
term basis to prevent infections associ-
ated with neutropenia in patients with
myelodysplasia, human immunodefi-
ciency virus (HIV infection) and the
neutropenia associated with autoimmune
diseases. In patients with presumed
autoimmune neutropenia the presence of
antineutrophil  antibodies does not
appear to reduce the efficacy of G-CSF
treatment. As in the chemotherapy
setting, the cost of treatment as well as
the severity of the susceptibility of
infections of the individual peatient are
critical factors in selecting patients for
treatment.

GM-CSF

GM-CSF is a 127 amino acid glyco-
protein which also stimulates the prolif-
eration of haematopoietic cells of the
granulocytic series in vitro and in vivo
(Gasson, 1991). It also stimulates for-
mation of monocytes and eosinophils.
In general, the time course for the neu-
trophil response for GM-CSF is similar



to that for G-CSF but the increase in the
blood neutrophils after GM-CSF is less
(Lieschke and Burgess, 1992).

There are now numerous triads of
GM-CSF to accelerate marrow recovery
after chemotherapy and haematopoietic
transplantation utilisng both bone mar-
row and peripheral blood progenitor
cells (Gerhartz et al., 1993; Advani &
al., 1992; Hill et al., 1995). In both of
these circumstances, GM-CSF acceler-
ates recovery of blood neutrophils with
smilar effects to those observed with
G-CSF. GM-CSF has been approved to
hasten marrow recovery with delayed
engraftment and for treatment of patients
whose marrow transplant appears to
have failed. It is used for most of these
applications somewhat less than G-CSF
because of a somewhat more severe side
effect profile (Ozer 1994; Hill & al.,
1995).

The use of CSFs in the treatment of
acute myelocytic leukaemia (AML) has
undergone rapid evolution recently
(Geller, 1996). Patients with AML are
particularly prone to infections because
their primary disease impairs neutrophil

production and the recovery of haemato-
poiesis after chemotherapy is Slower
than for non-haematological malignan-
cies. Severa recent randomised control
trials have examined the utility of GM-
CSF of G-CSF in the treatment of
AML. It is very important that neither
GM-CSF or G-CSF treatment was
found to be associated with an increase
in relapse rates for leukaemia, despite
the observation that leukaemic blast cells
for these patients often will proliferate
on exposure to these growth factors.
Severd studies have demonstrated a
significant improvement in neutrophil
recovery with associated reduction in
severe bacteria infections in most pa-
tients (Geller, 1996). In one tria with
GM-CSF there were fewer severe in-
fections, fewer fatal infections, fewer
fatal pneumonias and fewer deaths as-
sociated with fungal infections (Rowe &
a., 1995). As in other clinicd trias,
most patients in these studies have re-
ceived extensive antibiotic trestment.
Few inferences about the specific rea
tionships of neutropenia, antibiotics and
CSFs can be derived from these studies.

OTHER APPLICATIONS OF THE CSFs

Because patients with infections as-
sociated with severe neutropenia often
have marrow diseases preventing or
blunting their responsiveness to the
CSFs or because ther infection is so
severe that they do not have time to re-
spond, there has been recently an awak-
ening interest in neutrophil transfusion
therapy for the prevention and treatment
of infections in these patients
(Maakestad et al., 1996). Considerable
impetus to these studies came from in-
vestigationsin normal subjects showing
that G-CSF is well tolerated and serves
to rapidly increase the blood neutrophil
count and expand haematopoiesis with-

out significant side effects (Chatta et al .,
1994). Initia clinicd trids of G-CSF to
mobilise and facilitate neutrophil collec-
tion from normal subjects have been en-
couraging and further clinicd trias are
now underway (Bensinger et al., 1993;

et a., 1993, Griggs & al.,
1995). In the past, this type of transfu-
sion support has been limited by the
number of cells which can be collected.
After G-CSF or G-CSF plus dexam-
ethasone, 100x109 neutrophils can often
be collected from normal donors.
Studies of the efficacy of these cdlls in
protecting the host or accelerating clear-
ance of infections are underway.

65



OTHER HAEMATOPOIETIC GROWTH FACTORS

There are anumber of other HGFs a
various stages of clinica development
including IL-3, a molecular hybrid of
IL-3 and GM-CSF, M-CSF and severd
interleukins. Many of these factors are
regarded as working a an earlier stage

of haematopoiesis than G-CSF or GM-
CSF. Most appear to have a least some
side effects but severa of these factors
may prove to be useful as adjunctsto G-
CSF and GM-CSF.
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