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reported relative risks 2-3 times higher among smokers of black 
tobacco than of blond tobacco cigarettes. The greater effect of 
the black variety was not explained by potential confounders. It 
is also interesting to note that the relative risk for blond tobacco 
smokers was around 2.0, i.e. similar to the estimates found for 
smoking in countries where black tobacco has not been used in 
the last decades [7]. 

Some effect modifications were noted for other smoking 
characteristics. Increasing age at start seemed to be associated 
with decreasing relative risks in a few investigations [5, 6, 81, 
irrespective of type of tobacoo. In the Italian study, this pattern 
was evident for smokers of black tobacco but not for smokers of 
blond tobacco, after allowing for time since quitting. In addition, 
switching from black to blond tobacco did not change the 
risk substantially in comparison with smoking black tobacco 
throughout life, indicating a more important effect of the black 
variety early in life. 

Quitting smoking is associated with a dramatic drop in the 
risks of bladder cancer [7], irrespective of the type of tobacco. 
In the two studies which considered the effect of quitting 
separately by type, the relative risk remained well above the 
level of non-smokers only for smokers of black tobacco. 

The study of time-related variables is complex, since they are 
strictly correlated. Only if a large proportion of the subjects 
stopped smoking and then started again several times, a distinc- 
tion between duration, age started and time since quitting 
can be made on statistical grounds; usually, however, such a 
distinction cannot be made [9]. The overall picture concerning 
the type of tobacco and bladder cancer, as far as time-related 
variables are concerned, seems to be the following: in general, 
tobacco smoking mainly exerts a “late stage” action, as is clearly 
indicated by the rapid drop in risks after discontinuation. Black 
tobacco, however, seems to have also an “early stage” action, as 
suggested by the stronger association with age at start, the fact 
that the relative risks remain high after 10 or 15 years since 
quitting and the fact that switching to blond tobacco does not 
seem to be different from continuing to smoke black tobacco. 
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Other observations are interesting, including the lack of 
protection from the use of filters among black tobacco smokers. 
This seems to indicate that bladder carcinogens belong to the 
highly volatile fraction of smoke, possibly aromatic amines. In 
addition, such carcinogens seem to be affected by the level of 
inhalation, as the French study suggests. Finally, the dose- 
response relation between the number of cigarettes smoked and 
the risk of bladder cancer (Table 4) is worth mentioning. In 
most of the studies there is a less than linear relation, with a 
steep increase at low doses and a plateau at high doses. This 
observation might indicate that metabolic pathways of activa- 
tion/deactivation of bladder carcinogens are of importance in 
the carcinogenic process. All these hypotheses have to be verified 
in biochemical epidemiology investigations. 
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Emerging Clinical Uses for GM-CSF 
J. Howard Scarffe 

INTRODUCTION 
GRANULOCYTE-MACROPHAGE colony-stimulating factor (GM- 
CSF), like interleukin-3 (IL-3), displays a broader range of 
haematopoietic activities than the more lineage-restricted factors 
such as granulocyte colony-stimulating factor (G-CSF), mac- 
rophage stimulating factor (M-CSF) and erythropoietin. GM- 
CSF interacts with early, multipotent progenitor cells, promot- 
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ing the growth and differentiation of burst and colony-forming 
units. GM-CSF is not as effective as IL-3 at supporting primitive 
blast cells, erythroid and megakaryocyte colony formation [l] 
although the effects of both these factors are enhanced by other 
CSFs such as IL-l and IL-6 [2-6]. 

The actions of GM-CSF further down the cascade are more 
restricted, with predominant effects on the maturation of mono- 
cytes and granulocytes. Evidence from both murine and human 
systems suggests GM-CSF can promote the growth of megakary- 
ocytes and eosinophil colonies and assist the growth of erythro- 
cyte progenitors (7-151. These effects are primarily seen when 
acting in concert with the later-acting growth factors such as 
erythropoietin, M-CSF and G-CSF. Both GM-CSF and M-CSF 



1494 J.H. Scarffe 

seem to be necessary for the optimal growth of macrophages 
[l], while GM-CSF may interact with other growth factors to 
promote the production of megakaryocytes [8-l 11. This strongly 
suggests the utility of exploring combinations of the CSFs. 

Physiologically, the local production of GM-CSF in tissues 
probably promotes recruitment and proliferation of neutrophils 
and less differentiated macrophages, acting to enhance the 
isolated inflammatory response [16]. The secretion of GM- 
CSF by extra-medullary cells may be important in the local 
modulation of host defence. 

Neutrophils 
FUNCTIONAL EFFECTS 

GM-CSF seems to have a central role in regulating the function 
of mature blood cells. It promotes the priming of oxidative 
metabolism by neutrophils so that there is a pronounced release 
of superoxide ions in response to second messengers of the 
immune response such as leukotriene B4 [17]. This has often 
been demonstrated with human neutrophils in vitro [ 17-211 and 
has been conlirmed in viva [22-241 and represents one of a 
number of biochemical changes [25]. GM-CSF enhances the 
phagocytosis of bacteria [26] and yeast [27, 281. Antibody- 
dependent cell cytotoxicity (ADCC) is also promoted by GM- 
CSF [29, 301. 
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Fig. 1. Percentage changes in neutrophil count after 1 h infusion 
of rhGM-CSF (15 pgIm2). Reproduced with hind permission from 

Devereux et al. [48]. 

CSF also enhances the responsiveness of both monocytes and 
macrophages to M-CSF [47]. 

CLINICAL PROFILE 

Inhibition of neutrophil migration by GM-CSF was originally 
demonstrated in vitro [31]. This may be related to changes in 
the expression of adhesion proteins on the surface of neutrophils 
[32-351. This may reflect part of the normal role of GM-CSF. 
Inhibition of neutrophil migration may be a normal function of 
GM-CSF causing immobilisation of neutrophils at the site of 
infection [33]. Effects on neutrophil migration in viva have been 
reported by Peters using a skin window technique [35] in 
patients receiving GM-CSF after bone marrow transplantation 
(BMT) and has subsequently been confirmed in other patients 
[36-381. One report recognised that effects on migration could 
be related to the dose of GM-CSF administered, and proposed 
that doses lower than 360 pg/m2 per day (i.e. within the normal 
dose range) may avoid this problem while maintaining beneficial 
myelopoietic effects [37]. However, the skin window technique 
measures the effect of GM-CSF on migration to a sterile site. 
During infection chemotactic factors induce the migration of 
neutrophils from the vasculature and GM-CSF enhances the 
responses of neutrophils to chemotactic stimuli [25, 391. Initial 
fears that this action could affect the ability of neutrophils to 
attend sites of infection may prove irrelevant as lower rates of 
infection in patients receiving GM-CSF become apparent from 
clinical trials. 

The immediate effect of GM-CSF administration is to cause a 
transient and rapid fall in the number of circulating leucocytes 
(Fig. 1) which returns to normal in 4-6 hours at all dose levels 
and with either subcutaneous or intravenous injection [48-5 11. 
This is followed by a sustained increase in leucocytes which has 
been reported to occur in a triphasic pattern [51, 521 with an 
early increase in the total leucocyte count over the first 4 days 
followed by a plateau phase, with a further rise occurring at 
8-10 days (Fig. 2). The first phase has been attributed to the 
demargination of pre-existing mature cells, the second to cells 
produced by the stimulation of progenitor cells in the bone 
marrow. After stopping GM-CSF the white blood cells counts 
return to baseline within 3-5 days. The increase in leucocytes 
observed is mainly attributed to an increase in neutrophils, with 
some increases in eosinophils and monocytes although a modest 
increase in lymphocyte count has been observed occasionally 
[50]. During treatment with GM-CSF there is an increase in 
bone marrow cellularity with an increased myeloid:erythroid 
ratio. Eosinophilia may occur, and the marrow shows a left shift, 
with up to 10% of neutrophils at 6 hours being early band cells 
[49, 501. Peripheral blood progenitor cells increase following 
GM-CSF treatment [49, 531. However, little increase in bone 
marrow progenitors has been observed because of the dilutional 
effect of increased marrow cellularity. 

Eosinophils, monocytes and macrophages 60 1 / GM-CSF has extensive functional effects on other myeloid 
cells. It promotes the cytotoxicity of human eosinophils in vitro 
[40] including ADCC [27], and increases the release of histamine 
from basophils [41]. Human mononuclear phagocytes are also 
highly responsive to GM-CSF in vitro with increases in oxidative 
metabolism, phagocytosis and cytotoxicity [ 161, and enhanced 
tumour kill activity [ 1, 421, although concomitant adminis- 
tration with other factors (for example IL-l) may be required to 
demonstrate a clinical effect [43]. Recent in vitro studies suggest 
that GM-CSF stimulates enhanced fungicidal [44] and ADCC 
activity by monocytes [44]. Similar effects on macrophage 
function have also been reported including phagocytosis and 
superoxide production [45], and the dramatic uptake and killing 
of a protozoan by macrophages [46]. In murine systems GM- 

Days 

Fig. 2. Profile of median total leucocyte count (-), neutrophil count 
(4-) and eosinophil count •(- -) for patients receiving continuous 
intravenous infusion of GM-CSF at 3 pg&g per day for 10 days 
followed by escalation of the dose to 10 &lcg per day. Reproduced 

with hind permission from Steward et al. [Sl]. 
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Table 1. Efficacy of GM-CSF: comparison of route of adminis- 
tration 

Route 
Daily dose (kg/kg) to 

achieve endpointt Ref. 

Bolus* 

30-min infusion* 

2-h infusion* 

Subcutaneous 

Continuous infusion* 

Not achieved at 
25 

30 

20 

3-10 

3-10 

49 

54 

55 

50 

52 

*Intravenous administration 
tThat is a four-fold increase in WBC which exceeds a total count of 
20 x lo911 within 14 days of starting treatment. 

Increases in white blood cell count have been shown to be 
dose dependent [49] and analysis of several published phase I 
studies indicates that route and schedule are also important 
(Table 1) with lower doses required by subcutaneous or continu- 
ous intravenous administration for responses similar to those 
achieved with short intravenous infusions of higher doses. 
Intravenous bolus injections would however seem to be relatively 
ineffective. 

Cancer chemotherapy 
Myelotoxicity has been the most limiting side-effect of poten- 

tially curative cancer chemotherapy. The neutropenia experi- 
enced by patients shortly after cytotoxic therapy often results in 
bacterial and secondary fungal infections which are a major 
cause of morbidity and may be fatal [56]. The management of 
febrile neutropenic patients is costly because of the prolonged 
hospitalisation and intravenous antibiotic therapy required. 
Such myelotoxicity restricts the dose and frequency of adminis- 
tration of cytotoxic agents. GM-CSF may therefore be used to 
reduce the period of neutropenia following chemotherapy to 
reduce infectious complications and allow any myelosuppressive 
regimens to be given at full dose on schedule. There is also 
suggestive evidence that increasing the dose intensity of chemo- 
therapy may improve the tumour response [57]. This may be 
achieved by increasing the dose, reducing the time between 
cycles, or both. 

Early dose-ranging trials provided firm evidence that GM- 
CSF can support cell counts through the nadir which follows 
chemotherapy [58, 591. Some of these studies also have given 
preliminary indications of other benefits. Amman and colleagues 
achieved an improved tumour response rate of 79% compared 
to 52% in a previous study [58]. In a study by Herrmann and 
others, the duration of hospital stay and the requirement for 
parenteral antibiotics were also reduced [49]. Ho et al. reported 
shorter periods of thrombocytopenia (from 7 to 3 days) with 
reduced rates of infection and stomatitis [60]. 9 out of 14 patients 
with non-Hodgkin lymphoma (NHL) achieved complete 
remission compared to 2 out of 14 not given GM-CSF. 

Using continuous infusion of GM-CSF in Manchester, UK, 
we have been able to attenuate the duration of thrombocytopenia 
and neutropenia induced by melphalan (120 mglm2), to times at 
least as short as those reported in a historical series receiving 
autologus BMT [51, 521. 

Scheduling in cancer chemotherapy 
Edmonson and others reported that they could overcome the 

limiting thrombocytopenia of their protocol by rescheduling the 

treatment programme for GM-CSF [61]. A more interesting 
approach attempts to protect myeloid cells from the effects of cell 
cycle-specific agents. This was originally proposed by Aglietta et 
al. [62, 631 from a study of the cell kinetics of the response to 
GM-CSF. This study suggested that a short period of adrninis- 
tration just prior to chemotherapy would enable the cytotoxic 
agents to be given on schedule. If the GM-CSF was stopped 
24-48 hours before the chemotherapy then the normal bone 
marrow cells could be put out of cycle and protected from 
toxicity. This has recently been confirmed in patients with 
inoperable metastatic sarcoma, where myeloprotection could be 
significantly enhanced by optimising the timing and schedule of 
both GM-CSF and chemotherapy [64]. Benefits in myeloid cell 
counts seem to derive from an increased myeloid mass and 
quiescent progenitors at the initiation of chemotherapy. 

Bone marrow transplantation 
Evidence from animal and human studies suggests that escalat- 

ing the dose of cytotoxic therapy may translate into improved 
tumour response [57, 651. However, the myelotoxicity of 
aggressive chemo/radiotherapy require support with allogeneic 
and autologous BMT to restore normal marrow function. 
Despite this procedure, recovery of neutrophil counts takes 
approximately 3 weeks [66] during which time the patient 
remains at considerable risk of bacterial and fungal infections. 
Thrombocytopenia may persist for long periods requiring 
repeated platelet transfusions. The high morbidity rates, 5-10% 
infective deaths [67] and high costs have limited the use of 
BMT. 

Brandt et al. administered GM-CSF (2.0-32.0 kg/kg per day) 
intravenously to patients, with breast cancer (13) or melanoma 
(6), for 14 days after BMT [68]. Compared to 24 historical 
controls, myeloid recovery was more rapid, with steeper 
increases in leucocytes and granulocytes, producing significantly 
higher counts by the end of GM-CSF treatment. No differences 
in platelet counts were reported but these authors reported lower 
morbidity and mortality during hospitalisation compared to the 
control group; fewer patients presented bacteraemias (16% vs. 
35%). In a separate study intravenous daily doses of 
15-240 kg/m2 were given to 15 patients with lymphoid malig- 
nancies [55]. At doses above 60 pg/m2 per day neutrophil and 
platelet counts recovered earlier, with fewer days of fever and 
earlier discharge from hospital. There was a small reduction in 
the duration of dependency on platelet transfusion. 

Initial studies indicated that GM-CSF can be used to promote 
the myeloid recovery achieved with BMT [55, 68, 69, 701. 
Preliminary reports of six randomised double-blind trials have 
provided more convincing evidence of significantly faster 
recoveries in the neutrophil counts with GM-CSF from a total 
of 546 patients [71-761. These studies, which enrolled patients 
with a variety of malignant disorders, have revealed other 
benefits. Compared with patients receiving placebo, those given 
GM-CSF had a marked improvement in experience of infections 
with reduction in the use of antibiotics and other hospital 
resources. One study estimated that the mean saving per patient 
could be $10000. Experience from 10 patients indicates that the 
severity of graft versus host disease may be ameliorated with 
GM-CSF [77] and that depressed neutrophil function may be 
restored [78]. 

Gianni et al. have sought to optimise recovery by sup- 
plementing BMT with stem cells collected from peripheral blood 
(PBSCs) by leukaphoresis during the rebound in cell counts 
which occurs after cyclophosphamide [79]. The mononucleated 
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cells collected were used to complement the autologous BMT, 
because previous attempts employing PBSCs alone had met with 
some failure of engraftment [80]. Significant improvements in 
time to recovery of blood counts were recorded over those 
experienced by patients receiving BMT alone. This was thought 
to be related to the large dose of CFU-GM administered, 
confirming the correlation observed by others that recovery is 
related to the number of progenitors administered [8 l-841. Life- 
threatening infections have only been seen in patients who did 
not receive blood-derived cells. 

An interesting finding was the recovery of platelet counts in 
the group receiving PBSCs. There were no platelet transfusions 
after day 11 and 4 out of 6 patients only required one transfusion, 
both statistically sign&ant changes compared to the control 
group. Requirements for red blood cells were also reduced and 
patients receiving peripheral blood leucocytes were discharged 
earlier from hospital (21 days vs. 31). The authors expect 
this procedure to substantially reduce the incidence of severe 
infections and render isolation unnecessary. 

A report by Socinski et al. has suggested that GM-CSF 
given after chemotherapy can increase the pool of circulating 
progenitors suggesting that this alone might deliver sufficient 
PBSCs for transplantation [85]. Gianni et al. have now employed 
GM-CSF to further augment the harvest of peripheral blood 
stem cells from seven patients scheduled to received TBI/mel- 
phalan for lymphoma [86]. GM-CSF produced significantly 
higher levels of CFU-GM in peripheral blood to such an extent 
that fewer sessions of leukaphoresis produced a greater yield 
of progenitors than in 7 control patients. Patients receiving 
progenitors collected with GM-CSF demonstrated faster 
recoveries of total and neutrophil counts compared to the control 
group (Fig. 3). There was also a dramatic recovery in platelet 
counts by days 9-10 and a reduction in the severity of mucositis. 
Similar results were observed by Peters et al., although no 
changes in platelet counts were reported [87]. Studies now 
suggest that the engraftment of peripherally collected stem cells, 
augmented by GM-CSF, may be so reliable that the security of 
concomitant BMT is no longer necessary [88-901. 

Direct comparisons have been made between BMT alone and 
PBSCs reinfusion with [91] or without [92] bone marrow. The 
use of PBSCs collected with the aid of GM-CSF produced 
marked improvements in the rate of recovery of cell counts 
(ANC>500/~119 days after PBSC plus BMT compared with 25 
days after BMT alone [91] and 14 days after PBSC alone 
compared with 21 days after BMT alone [92]). There were also 
marked savings in the number of days of hospitalisation: 27 days 
(PBSC+BMT) vs. 35 days (BMT) [91] and 24 days (PBSC) vs. 
38 days (BMT) [92]. Attempts to correlate the myeloid recovery 
with the numbers of progenitor cells harvested are now ongoing 
and will improve the reliability of this technique. 

The astute use of GM-CSF in the collection of peripheral 
blood stem cells promises to reduce the requirement for extensive 
support measures such as sterile environments, antibiotic ther- 
apy and platelet transfusions making intensive chemotherapy 
cheaper and safer. It also makes intensive chemotherapy avail- 
able for the initial treatment of selected tumours, with the 
objective of curing the disease. Mumcuoglu et al. have shown 
that combination of GM-CSF with IL-3 can be used to augment 
the potential of harvested bone marrow in vitro to such an extent 
that after donation of this marrow to the patient administration 
of GM-CSF may be unnecessary [93]. 

One of the major complications of allogeneic BMT is the 
development of graft vs. host disease (GVHD) where immuno- 
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Days from autografting 

Fig. 3. Time course of leucocyte, neutrophil and platelet counts 
after high-dose chemoradiotherapy and autografting (day 0) of control 
or GM-CSF-exposed circulating progenitors. Patients 4-7 (d-f) 
received additional GM-CSF treatment after transplantation starting 
from 24 h after autografting and continuing for 10-11 days. Repro- 

duced with kind permission from Gianni et al. 1861. 

competent T-cells from the graft react with HLA antigens 
belonging to the host [94]. The risk of GVHD can be significantly 
reduced by removing T-cells from the donor marrow. However, 
T-cell depletion in itself increases the risk of graft failure [95]. 
This may reflect a defect in endogenous GM-CSF production as 
T-cells obtained up to 18 months after BMT (with or without 
T-cell depletion) express little or no GM-CSF [96]. 

A number of patients will, therefore, experience graft failure, 
the proportion depending on the underlying disease. In such 
patients the prognosis will be poor and most will die of secondary 
bleeding complications and severe infections, despite further 
attempts at engraftment [97]. 

Two studies suggest that GM-CSF will improve the outcome 
for patients with graft failure. In a study of 37 patients with 
failed allogeneic (n= 15), autologous (n=21) or syngeneic (n= 1) 
bone marrow transplant, GM-CSF was administered at 
60-1000 kg/m2 per day for 14 or 21 days [96]. At doses below 
500 kg/m2 per day, GM-CSF was well tolerated and did not 
exacerbate the severity of GVHD in allogenic recipients. The 
survival rates of patients treated with GM-CSF was significantly 
better than those of a historical control group [98]. In another 
study of 9 patients with failed or delayed engraftment (6 allog- 
enic, 3 autologous) GM-CSF was administered at 3-10 kg/kg 
per day over 30 minutes [99]. Here, 6 out of 7 evaluable patients 
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had a marked rise in neutrophil counts and there was no increase 
in GVHD. 

These findings are in accord with a report by Brandwein et al. 
for 6 patients treated with GM-CSF for 14 days at 5 or 10 ygikg 
per day [loo]. 3 patients responded with at least a 7-fold 
increase in granulocyte counts which in 2 patients returned to 
pretreatment levels 4 and 7 weeks after GM-CSF. The experience 
of the remaining patients (1 death, 2 non-responders) led these 
authors to propose that the response to GM-CSF may vary and 
that some patients with no residual stem cells will remain 
unresponsive to GM-CSF alone. 

Antitumour activity 
The functional enhancement of macrophage and monocyte- 

mediated ADCC has led some investigators to suggest that GM- 
CSF may have the potential for antitumour activity. Supporting 
evidence comes from in vitro observations of GM-CSF-stimu- 
lated human and murine bone marrow cultures, which show 
significant lysis of two tumour cell lines [ 1011. This antitumour 
effect has also been observed in vivo in two mouse models of 
cyclophosphamide and TBI therapy followed by BMT [ 1011. 
Ruff et al. reported that GM-CSF inhibits the proliferation of 
small cell lung cancer (SCLC) cell lines when given at high doses 
[102]. However, other conflicting results have been published 
[103-1051. The demonstration of receptors for G-CSF and GM- 
CSF on SCLC cells may be relevant in this respect, although 
transduction to a functional intracellular signal should also be 
sought [ 1061. 

Morstyn and Burgess have proposed that an antitumour effect 
is unlikely to be achieved with systemic administration but could 
be feasible for isolated tumours where local administration of 
GM-CSF might be more effective [ 1071. However, this does not 
follow from our own observations in 20 patients undergoing a 
phase I trial of GM-CSF. These patients received infusions on 
days l-10 and 21-30, with infusions every other day from days 
31-50 at doses ranging from 0.3 to 60 kg/kg per day. Regular 
monitoring of evaluable sites revealed stabilisation of disease in 
7 patients up to a minimum of 70 days after the study started. 1 
patient with a heavily pretreated liposarcoma experienced a 
significant reduction (>50%) in tumour volume, a response 
which lasted 6 months [52]. 

Metcalf has suggested that the degree of stimulation and 
suppression in leukaemia may vary according to the leukaemic 
population and that in vitro screening assays should be developed 
to identify those patients in which there is antileukaemic poten- 
tial for GM-CSF [log]. This may already be a pressing need 
as in vitro culture of leukaemic cell lines has suggested that 
combination of GM-CSF with other cytokines will inhibit their 
growth [ 1091. The development of leukaemia inhibitory factor 
(LIF) and its possible synergistic actions with GM-CSF may 
have important consequences in this area [ 1 lo]. 

Stimulation of tumour activity and leukaemia 
Some tumour cell lines have proliferated in response to GM- 

CSF [104, 111, 1121. However, stimulation of the growth of 
non-haematological tumours is not normally seen in the presence 
of serum and therefore may not be clinically relevant. Where 
growth has been observed, it is frequently modest. Furthermore, 
screening of GM-CSF in the human tumour clonogenic assay 
has provided no consistent evidence of stimulation of the growth 
of fresh tumour explants [ 113, 1141. From murine studies there 
is no evidence that the overproduction of GM-CSF which can 
be produced in transgenic mice has any effect on leukaemic 

transformation, even when an attempt was made to induce 
leukaemia by irradiation [log]. Other work suggests that where 
there are existing abnormalities, CSFs can facilitate transform- 
ation and that caution should be taken in patients with 
myelodysplastic syndrome at risk of developing myeloid leu- 
kaemia [ 1081. 

However, where leukaemia exists, the proliferative effect of 
GM-CSF can be used to advantage as this cytokine increases the 
proportion of bone marrow cells in the S phase [ 115, 1161. This 
is particularly useful for acute myeloid luekaemia treated with S 
phase-specific agents such as cytarabine. GM-CSF potentiates 
the cytotoxicity of cytarabine by increasing the number of cells 
in the S phase in vitro [117, 1181. Metabolism of cytarabine is 
necessary for its full cytotoxic activity. GM-CSF seems to 
antagonise the phosphorylation of cytarabine to a greater degree 
in normal cells than in leukaemic cells [ 1181. This in vitro 
effect might translate into improved selectivity of cytarabine for 
leukaemia with the use of GM-CSF. 

Results from early trials with GM-CSF given after chemo- 
therapy have been encouraging. Beuchner and colleagues admin- 
istered GM-CSF to 30 high-risk patients with AML, 4 days after 
chemotherapy at 250 kg/m2 per day by continuous intravenous 
infusion [ 1191. In comparison to historical controls, GM-CSF- 
treated patients had more complete responses (lli25, 44% vs. 
12/41,29%; NS) with significantly fewer early deaths (4125, 16% 
vs. 18/41,44%; PcO.02). 

Myelodysplastic syndrome 
Early studies established dose-related increases in leucocyte 

count with GM-CSF [120, 1211 and that while the granulocyte 
count is maintained, proliferation of the blast cells may be 
controlled or reduced [ 1221. 

Firm evidence of GM-CSF’s ability to repair myelopoiesis in 
MDS has emerged in three randomised trials. Schuster et al. 
randomised 133 patients to either GM-CSF (3 pgikg per day 
subcutaneously) or observation, over a 90-day period [123]. 
The neutrophil counts of observation patients remained at the 
baseline values of around 0.6 x lo911 while patients receiving 
GM-CSF had significant increase (P<O.Ol) to around 
3.8 x lo911 at the end of the 90-day period. There were also 
increases in monocytes (P<O.Ol), eosinophils (P<O.OOl) and 
lymphocytes (P<O.Ol) and fewer major infections (15 vs. 33%, 
PcO.02) in patients treated with GM-CSF. 

The two other studies differentiate patients according to their 
risk of transformation to leukaemia. In low-risk patients, very 
encouraging response rates of 60-70% have been reported which 
were not proportional to the starting counts [ 1241 or the dose of 
GM-CSF. In high-risk patients, who received low-dose cytarab- 
ine with concomittant or subsequent administration of GM- 
CSF, 46% patients were classified as partial responders or better 
[ 1251. Further, some improvement in bone marrow function 
was documented after several weeks’ follow-up. Two of these 
studies monitored transformation and found no evidence that 
GM-CSF promoted progression to leukaemia. 

Aplastic anaemia 
Responses to cytokines may be less impressive in aplastic 

anaemia (AA) than in MDS, probably because there are fewer 
stem cells and progenitors available. Vadhan Raj and others 
treated 10 patients with moderate to severe AA with 
1.5-13 wgikg (60-500 pg/m2) GM-CSF by continuous daily 
infusion for 2 weeks [126]. Treatment was repeated after a 2- 
week rest period. White cell count increased 1.6-lo-fold in all 
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patients because of similar increases in neutrophils, eosinophils 
and monocytes. Despite this, the absolute cell counts achieved 
were limited by the severity of the disease indicating that 
sufficient target cells are needed for an adequate response. 

Similar results have been reported by others [127] although 
the response to GM-CSF can be highly variable [128]. The 
increase in the numbers of erythrocytes reported probably 
reflects the burst-promoting activity of GM-CSF which might 
be more prevalent with the high endogenous levels of erythropo- 
ietin in patients with AA. There was no saving of platelet or red 
blood cell transfusions. A small study of 6 transfusion-dependent 
patients with Diamond-Blackfan anaemia has shown that GM- 
CSF and IL-3 have marked erythroid-stimulating activity in 
some of these individuals [ 1291. 

The need for suitable target cells in AA is emphasised by a 
report of four compassionate need cases of very severe and 
treatment-resistant disease [ 1301. These patients received con- 
ventional treatment for infections and were dependent on platelet 
and red cell transfusions. In 3 patients with no evidence of 
residual myelopoiesis, GM-CSF had no effect despite an increase 
in dose to 32 pg/kg per day in 1 patient. 

AIDS 
Defects in the function and numbers of lymphocytes, mono- 

cytes and neutrophils probably contribute to the high incidence 
of opportunistic infections and neoplasms in AIDS [ 13 1, 1321. 
Leucopenia is a common dose-limiting effect of the therapies 
currently employed to control infection, neoplasms [133, 1341 
and viral replication [135-1371 in AIDS or AIDS-related com- 
plex, where cell counts may already be low. The first study of 
GM-CSF in AIDS was reported in 1987 in patients selected on 
the basis of leucopenia [138]. GM-CSF was given as a single 
intravenous dose over 60 min followed by a 1Cday continuous 
infusion 48 h after the initial injection. Following an initial rise 
in WBC, the product of demargination of mature cells from the 
marrow, there was a period of sustained increase in leucocyte 
count. This second phase was attributed to increased myelopo- 
iesis because of increased bone-marrow cellularity in 11114 
patients. However, it was clear after treatment that continued 
infusion of GM-CSF would be required to maintain this 
response. Other published studies now support the effectiveness 
of GM-CSF for leucopenia in HIV-related illness [ 1341 including 
correction of zidovudine (AZT)-induced cytopenia and bio- 
chemical abnormalities [ 1331 and the neutropenia associated 
with gancyclovir [136]. GM-CSF (1-15 pg/kg per day) has 
been given in a compassionate programme in conjunction with 
gancyclovir to 17 patients with cytomegalovirus retinitis in 
AIDS and bone marrow intolerance to the antiviral agent. The 
experience with these patients has been encouraging. While 3 
out of 16 evaluable patients died, the remainder maintained 
normal neutrophil counts with no resistance to gancyclovir and 
prevention of retinitis progression in virtually all patients [136]. 

GM-CSF can also correct the dysfunction of myeloid cells 
which is associated with AIDS. In a study by Baldwin et aE. 
neutrophils collected from AIDS patients were functionally 
enhanced by GM-CSF in an equivalent manner to neutrophils 
collected from normal donors, with enhanced superoxide release 
in response to a chemotactic agent [ 1391. Neutrophils collected 
from patients during infusion with GM-CSF functioned nor- 
mally in terms of oxidative metabolism and ADCC, and in 3 
patients with abnormalities of phagocytosis or intracellular 
killing, were corrected by GM-CSF infusion in viva. Therefore, 
GM-CSF has a therapeutic potential in AIDS for enhancing 

host defence which could translate into improved control or 
prophylaxis of opportunistic infections and possibly mortality 
and survival [ 1401. 

Some studies have suggested that GM-CSF can upregulate 
the replication of HIV in infected cell-lines and monocytes [ 1411. 
However this was not found in an in vitro study of alveolar 
macrophages infected with HIV- 1, which in fact suggested that 
GM-CSF may enhance the inhibitory effect of zidovudine on 
viral replication [142]. This is in accord with the increase in 
anabolic phosphorylation of zidovudine in monocytes incubated 
with GM-CSF [141] and that combination of these two agents 
synergistically inhibits HIV replication in a monocytic cell line 
[143]. 

Anti-infective properties 
The ability of GM-CSF to enhance the function of neutrophil, 

eosinophil and the monocyte-macrophage lineages has suggested 
its use in promoting host defence. Two reports have provided 
evidence which supports a clinical role for GM-CSF in promoting 
the response to acute infections. The earliest of these has 
described how GM-CSF can reduce the proportion of cultured 
peritoneal macrophages collected from mice infected with Leish- 
mania tropica [46]. In this study there was a continuous decrease 
in the percentage of infected cells reaching less than 10% on day 
4 compared to 30% in controls and there was an indication of 
increased killing of these parasites. A later study has demon- 
strated that GM-CSF could inhibit the replication of Typano- 
soma cruzi by the activation of macrophages in both human and 
murine cultures using the homolgous cytokine [ 1441. This was 
mirrored by increases in the ability to release hydrogen peroxide. 

Increases in circulating CSFs certainly seem to be a normal 
component of the biological response to bacterial infection and 
to some degree proportional to the inoculum given and the 
numbers of infecting bacteria at the site of infection [145]. 
However, Jensen and colleagues reported that GM-CSF had no 
effect on the antibacterial effect of peripheral blood monocytes 
and pulmonary macrophages in vitro where an effect of gamma 
interferon could be demonstrated [ 1461. More successful results 
have been reported for fungal infections [147]. GM-CSF seems 
to stimulate the fungicidal activity of human monocytes in vitro 
and this is associated with enhanced production of superoxide 
[441. 

Many clinical studies of GM-CSF now also assess infection 
and secondary endpoints related to it. The pattern emerging is 
that there are significant reductions in serious infection and 
marked savings in antibiotic use, hopsitalisation and support 
measures such as isolation [49, 601. 

However, it may be difficult to demonstrate a prophylactic 
anti-infective effect in direct comparisons against the established 
efficacy of antibiotics. A recent example of this has come from a 
small study of patients receiving intensive chemotherapy for 
lymphoma. GM-CSF (125 pg/m* intravenously over 6 hours, 
days 6-21) was compared with prophylactic antibiotics (days 
6-21). The number of documented infections was higher with 
GM-CSF which, coupled with higher requirements for red blood 
cells and platelets, led to early termination of the study [ 1481. 

Chronic and congenital neutropenia 
In a study of chronic severe neutropenia, a dose of 4-26 Kg/kg 

per day (150-1000 kg/m2 per day) for 12-14 consecutive days 
produced increases in neutrophil counts from less than 0.25 to 
3-19 x 109/1 [149]. 2 patients had life-threatening infections 
which resolved and 2 other patients underwent major surgery 
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without postoperative infectious complications. However, these per day of GM-CSF for 7 days by intravenous bolus [58]. 2 
results are in direct contrast to those reported by Welte et al. in other patients receiving 64 pgikg per day GM-CSF developed 
patients with severe congenital neutropenia [150]. Here GM- thrombosis around the tip of the central venous catheter, and a 
CSF did not elevate neutrophil counts in 4 of the 5 patients pulmonary embolus was documented in 1 of these [66]. A 9- 
treated, although there were marked increases in eosinophils. year-old girl developed unexplained thromboses of the inferior 
However, small but adequate increases in neutrophils could be vena cava while receiving a dose of 32 pg/kg per day by 
achieved by using G-CSF, an effect explained as a consequence intravenous infusion for severe AA [ 1301. Although most pati- 
of a defective G-CSF production or response. Similar results ents had other possible causes for these episodes (underlying 
have been reported in two individual cases where an increase in malignancy or chemotherapy), thromboembolism should POSS- 
the white cell count was predominantly due to increases in ibly be regarded as being related to GM-CSF administration at 
eosinophils [151, 1521. high doses. 

More heartening recoveries have been observed in two cases 
of drug-induced agranulocytosis [153] and two with glycogen 
storage disease with histories of neutropenia and neutrophil 
dysfunction [154]. In the later cases, increases in peripheral 
granulocyte counts were associated with shorter healing times 
for infections. 

These discrepancies again underly the necessity of identifying 
patients able to respond to GM-CSF. Bone marrow cultures 
identified a depleted but responsive population of CFU-GM in 
a 13-year-old boy with cyclic neutropenia who was then protected 
from neutrophil nadir by 5 days’ prophylaxis with GM-CSF 
(4 kg/kg per day) [155]. This implies that estimating suitable 
progenitors such as CFU-GM or CFU-MK is required in diseases 
where these populations are abnormally low. 

SAFETY 
The safety profile of GM-CSF is related to both the dose and 

route of administration. As has been seen in the efficacy section, 
intravenous bolus or short infusions are the least effective 
method of administration; therefore, in phase I studies higher 
doses were required to obtain an increase in white blood cell 
count. It is not surprising, therefore, that the most toxicity has 
been seen at high doses given by the intravenous bolus or short 
infusion route in early phase I studies. The incidence of serious 
side-effects has been markedly reduced in later studies when 
lower doses have been administered by subcutaneous injection 
or continuous intravenous infusion. 

Australian workers [ 1561 have reported a first-dose effect of 
GM-CSF. They described a syndrome of hypoxia and hypoten- 
sion that followed the first but not subsequent doses of GM- 
CSF. 17 of 48 patients treated in phase I and II studies developed 
the syndrome after the first dose of 20 of 78 cycles of treatment, 
but none showed the reaction after any subsequent GM-CSF 
treatments. Oxygen saturation decreased (12 patients) during 
first-dose reaction by 8% (L 4%), and blood pressure dropped 
>20 mmHg in 9 patients, but with no significant changes in 
chest X-ray or lung perfusion scan studies. Factors predisposing 
to the syndrome were doses of >32 kg/kg per day by intravenous 
bolus or short infusion rather than subcutaneous injection 
together with a diagnosis of lung cancer. The onset of the 
syndrome appeared related to GM-CSF serum levels and route 
of administration. For example, the onset was later in patients 
given the drug administered by continuous subcutaneous 
infusion than those receiving subcutaneous bolus injections. 
The authors were not able to demonstrate any changes in serum 
levels of compliment, histamine or tumour necrosis factor a 
(TNF-a). The mechanism of this effect is not clear but it is 
suggested that it is related to a vasoactive mediator. Other 
investigators have not identified this syndrome in any detail, but 
have described a few patients with some of the characteristics. It 
would appear prudent to carefully observe patients with lung 
cancer receiving higher doses of GM-CSF. 

Pericarditis has been described in a total of 8 patients, usually 
after 7 or 8 days of treatment with GM-CSF. However, this is 
usually associated with high doses of GM-CSF and has settled 
on withdrawal [54, 58, 1561. Thrombotic episodes may also be 
related to high doses of GM-CSF. 1 patient with pancreatic 
cancer died from a pulmonary embolism after receiving 60 kg/kg 

Other less serious side-effects include fever, bone pain, myal- 
gia, lethargy, skin rashes and dyspnoea. Fevers are transient 
and are easily contolled with paracetamol. Bone pain, however, 
can be substantial, particularly after intravenous or subcutane- 
ous bolus. The severity is dose-related, especially when doses 
over 15 kg/kg are used. Dermatological side-effects are largely 
restricted to subcutaneous use although pruritus occasionally 

Table 2. Adverse events of GM-CSF (dose less than 10 tLglkgper day) in phase IIII trials 

Route Patients 
First dose 
reaction Fever Bone pain Thrombosis Pericarditis 

Systemic 
symptoms 

Subcutaneous 
[SO, 122, 157, 130, 1491 

Intravenous bolus or 

short infusion 
[49, 51, 54, 55, 81, 1581 

Continuous intravenous infusion 
[49, 51, 52, 58, 68, 69, 120, 
127, 126, 130, 138, 1491 

Total events 

WHO grade III/IV 

34 1 18 12 0 0 10 

136 2 23 16 0 0 27 

125 ?4 23 16 0 0 44 

295 3+?4 (2%) 64 (22%) 44 (14%) 0 0 81 (27%) 

295 3+?4 (2%) 0 5 0 0 4 

? = not definite. 
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occurs when other routes are used. Three types of skin rashes 
occur: a maculopapular rash, a local erythema at the site of 
injection and a further immune-type response with previously 
unaffected injection sites being inflamed together with new sites. 
All rashes usually settle within a few days of discontinuation of 
GM-CSF treatment [ 1561. 

Since the routine dose of GM-CSF will probably be 5 ug/kg 
per day, depending on the disease state, the toxicities seen at 
higher doses are not relevant. The adverse events seen in 18 
published phase I and II trials of 295 patients receiving 
~10 pg/kg per day or ~500 ug/m2 per day is shown in Table 2. 
At these dose levels only 16 patients (5%) had severe WHO 
grade III or IV toxicity (3 definite first pass reactions, 4 possible 
first pass reactions, 5 severe bone pain and 4 severe systemic 
symptoms). Systemic symptoms were present in 27% of patients 
and fever in 18%. These symptoms can be easily managed with 
oral paracetamol. No episodes of pericarditis or thromboembol- 
ism were reported at these doses. 

CONCLUSION 
The extent of GM-CSF’s actions on haematopoiesis has shown 

it to be particularly useful in a number of disease areas, with 
indications for the neutropenia of chemotherapy in cancer 
and AIDS, and the support of bone marrow transplantation. 
Especially important here is GM-CSF’s action on eosinophils 
and monocyte/macrophage cell function. Existing studies sug- 
gest this may translate into improved control of infection in 
larger fully-controlled, phase III trials. The pleiotropic nature 
of GM-CSF may provide distinctive opportunities for GM-CSF, 
used alone or in combination, in addition to restoring the 
neutrophil count. 

Results from animal studies suggest that combination of CSFs 
with the principal regulators of stem cell activity (IL-l, IL-3) 
will greatly improve our ability to manipulate myelopoiesis to 
clinical advantage. Clinical results are now emerging to support 
this hypothesis for GM-CSF/IL-3 combinations where the 
sequential use of GM-CSF after IL-3 produces additional 
improvements in neutrophil count (l&5.6 times) while promot- 
ing the numbers of progenitor cells, but preserving the platelet 
effect seen with IL-3 alone [ 1591. 

In summary, the broad range of GM-CSF’s actions throughout 
the haemopoietic process offers opportunities for significant 
therapeutic improvements in a number of diseases in the not 
too distant future. 
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Cancer Risks Related to Electricity Production 
P. Boffetta, E. Cardis, H. Vainio, M.P. Coleman, M. Kogevinas, G. Nordberg, 

D.M. Parkin, C. Partensky, D. Shuker and L. Tomatis 

The International Agency for Research on Cancer has previously evaluated the cancer risks associated with 
fossil fuel-based industrial processes such as coal gasification and coke production, substances and mixtures 
such as coal tars, coal tar pitch and mineral oils, and a number of substances emitted from fossil-fuelled plants 
such as benxo[a]pyrene and other polycyclic aromatic hydrocarbons, arsenic, beryllium, cadmium, chromium, 
nickel, lead and formaldehyde. Based on these evaluations and other evidence from the literature, the carcinogenic 
risks to the general population and occupational groups from the fossil fuel cycle, the nuclear fuel cycle and 
renewable cycles are reviewed. Cancer risks from waste disposal, accidents and misuses, and electricity 
distribution are also considered. No cycle appears to be totally free from cancer risk, but the quantification of 
the effects of such exposures (in particular of those involving potential exposure to large amounts of carcinogens, 
such as coal, oil and nuclear) requires the application of methods which are subject to considerable margins of 
error. Uncertainties due to inadequate data and unconfirmed assumptions are discussed. Cancer risks related to 
the operation of renewable energy sources are negligible, although there may be some risks from construction of 
such installations. The elements of knowledge at our disposal do not encourage any attempt toward a quantitative 
comparative risk assessment. However, even in the absence of an accurate quantification of risk, qualitative 
indication of carcinogenic hazards should lead to preventive measures. 
EurJ Cancer, Vol. 27, No. 11, pp. 1504-1519,199l. 

INTRODUCTION 
ELECTRICITY PRODUCTION entails a wide range of health risks 
for both the workers and the general public [l]. Some of them 
are well known (e.g. accidental deaths among coal miners), but 
many other effects are still matters of debate (e.g. increased 
cancer risk in populations living close to nuclear power plants). 
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A shorter version of this review, entitled “Cancer risks related to 
different energy sources”, has been presented at the Senior Expert 
Symposium on Electricity and the Environment (Helsinki, Finland, 
13-17 May 1991) and is in press in the Proceedings of that Symposium 
(IAEA Publication No. SM323). 

Acute health effects, such as accidents, account for the majority 
of deaths related to electricity production, according to some 
researchers [2-51. However, the burden of chronic diseases is 
more difficult to estimate, and low estimates may reflect lack of 
knowledge as well as lack of risk. In particular, cancer is more 
difficult to quantify than other chronic health effects, because 
of its long latency, the lack of specificity of most aetiological 
associations so far elucidated, in particular for the more common 
cancers (i.e. one exposure may cause several types of cancers 
and the same cancer can be due to several exposures), and the 
relative rareness of most cancer types. 

A further health consequence of electricity production is 
psychological, mainly stress, which may lead to increased mor- 
bidity. The perception of risk from various forms of electricity 
production may not reflect the actual risks. In particular, nuclear 
power, because it is relatively new compared to coal-burning, 
and because radiation cannot be sensed, is a priori more stressful 
for the neighbouring populations than heavily polluting-but 


