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ABSTRACT

In a placebo-controlled double-blind dose-finding trial, 15 patients
with ovarian cancer stage III or IV received daily s.c. 1.5, 3, or 6 Mg/kg
recombinant human granulocyte-macrophage colony-stimulating factor
(GM-CSF). At each dose step three patients received recombinant human
GM-CSF, and two received placebo. Chemotherapy comprised 6 cycles
of carboplatin, 300 my m;. and cyclophosphamide, 750 mg/m!, by i.v.
bolus on day 1 every 4 weeks. GM-CSF, given on days 6-12 on an
outpatient basis, raised the mean leukocyte count on days 7, 10, and 15
and the mean neulrophil count on days 7 and 10 at all dose levels as
compared with the control group. Neutrophil counts of less than 0.5 x
10'/liter occurred in 20 of 22 cycles in the control group and in 5 of 17
cycles at the 6-Mg/kg/day GM-CSF dose level (P < 0.0005). In compar
ison with the control group, the mean eosinophil count was higher on
days 10 and 15 at all GM-CSF doses, as was the mean monocyte count
on day 15. The mean platelet count was raised at the 3- and 6-jÂ¿gGM-
CSF doses on days 15 and 22. Chemotherapy dose reduction or post
ponement due to myelotoxicity occurred in 9 of 28 cycles in the placebo
groups versus 5 of 44 cycles in the GM-CSF group (not significant).
Local skin infiltrates at the GM-CSF injection sites occurred in 8/9
patients, leading to premature removal of two patients from the study.
Capillary leakage of "'I-albumin was increased in all patients 5 days

after the first chemotherapy course but was not significantly affected by
4 days of GM-CSF treatment. Tumor necrosis factor a and C-reactive
protein serum levels increased during GM-CSF administration at the 6-
UKdose level, but interleukin 6 serum levels were not affected.

We conclude that a dose of 3 and 6 Mg/kg/day GM-CSF reduces the
severity of neutropenia and thrombocytopenia after carboplatin-cyclo-
phosphamide. This GM-CSF dose does not induce additional capillary
leakage.

INTRODUCTION

Recently, several CSFs1 have been cloned (1-3) which created

the opportunity to test in vivo whether these CSFs can amelio
rate chemotherapy-induced leukopenia or accelerate bone mar
row restoration (4-8). One of these CSFs, GM-CSF, possesses
stimulating activities for granulocyte-macrophage, eosinophilic,
and megakaryocytic progenitor cells in n'fro(9-13). In addition,

GM-CSF can modify the functional activity of mature cells
such as increased monocyte cytotoxicity through a tumor ne
crosis factor-dependent mechanism (14).
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In advanced ovarian cancer, platinum-containing compounds
and alkylating agents are the most active drugs (15, 16). The
second generation platinum analogue carboplatin demonstrated
definite activity in ovarian cancer (17. 18). In contrast to
cisplatin, it is only minimally nephro-, oto-, and neurotoxic but
does have especially myelosuppression as a side effect. Carbo
platin is therefore a logical drug to combine with CSFs. Since
there seems to be a dose-response relationship for carboplatin
in ovarian cancer (19, 20), and the tumor response also seems
related to the extent of bone marrow suppression (21), dose
escalation plus marrow protection with GM-CSF should give
better treatment results.

For a wider application of hematopoietic growth factors, it
is essential to demonstrate their effect and safety when given
on an outpatient basis during consecutive cycles.

In the present double-blind placebo-controlled study in pa
tients treated for ovarian cancer, we investigated the tolerability
and efficacy of GM-CSF, administered s.c. to outpatients dur
ing repeated chemotherapy courses. In addition, the effect of
GM-CSF on TNF-Â«, IL-6, and CRP serum levels was meas
ured, inasmuch as GM-CSF can induce the in vitro release of
TNF-rt from monocytes (14. 22) and possibly stimulates the in
vivo release of IL-6 (23). Because GM-CSF, at higher doses,
can induce capillary leakage (4, 6), the effect of GM-CSF on
capillary leakage of '"I-albumin was studied by "'I-albumin

disappearance.
The results demonstrate that at the dose levels of 3 and 6 ng/

kg/day GM-CSF, the leukocyte, neutrophil, monocyte, eosin
ophil, and platelet counts were increased compared with the
control group. Furthermore, we present evidence that GM-CSF
can augment TNF-Â«release in vivo and that at doses up to 6
Mg/kg/day GM-CSF does not induce additional capillary leak
age.

PATIENTS AND METHODS

Fifteen consecutive patients, between 18 and 70 years of age, with
stage III-IV (staging according to International Federation of Gyne
cologists and Obstetricians) ovarian cancer and eligible for treatment
with chemotherapy could be entered in the study. Patients with severe
heart, lung, liver (serum total bilirubin, >40 //mol/liter), or kidney
impairment (creatinine clearance, <60 ml/min) were excluded from the
study, as were patients with a WHO performance score of 3-4. Patients
were not previously treated with chemotherapy or radiotherapy. All
patients initially underwent tumor-reductive surgery before the start of
chemotherapy.

Combination chemotherapy comprised 6 courses of carboplatin (300
mg/nr) and cyclophosphamide (750 mg/nr), both given on day 1 every
4 weeks on an outpatient basis. Carboplatin (Bristol-Myers, Troisdorf,
West Germany) was dissolved in 250 ml 5% dextrose and infused over
30 min. Cyclophosphamide (ASTA Pharma AG, Frankfurt, West Ger-
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many) was dissolved in 100 ml 0.9% saline and given i.v. over 15 min.
Dose modification was applied only for nadir blood counts. Carboplatin
dosage was reduced to 75% for nadir levels of leukocytes <1 x IO'/
liter, or platelets <50 x lO'/'iter. If this occurred again, cyclophospha-

mide was also reduced to 75% in the next cycle. Carboplatin dosage
was reduced to 50% and cyclophosphamide dosage was reduced to 75%
for nadir levels of leukocytes <0.5 x lO'/liter. or platelets <25 x IO'/
liter. When leukocyte levels >3 x 109/Hter and platelets >100 x IO9/

liter were reached, full chemotherapy doses were given. Treatment was
postponed, up to a maximum of 4 weeks, for insufficient bone marrow
recovery (leukocytes <3 x lO'/liter or platelets <100 x 109/liter).

The study was a double-blind randomized placebo-controlled dose-
finding trial, and the patients were divided into three groups of five
patients each. The groups received 1.5, 3, or 6 ^g/kg/day GM-CSF or
placebo after each chemotherapy course. In each group, three patients
received GM-CSF and two patients received placebo. GM-CSF or
placebo was administered once daily s.c. for 7 days (days 6-12), starting
5 days after each chemotherapy course (day 1). This time interval was
chosen as the serum platinum still present at that moment is mainly
bound to protein and is unlikely to react with bone marrow stem cells
(24). Patients were hospitalized only during the first GM-CSF or
placebo course. GM-CSF or placebo dosages were not adjusted for side

effects.
Recombinant human glycosylated mammalian derived GM-CSF,

with a specific activity of 8 x 106 units/mg protein, was provided by

Sandoz/Schering Plough (Basel. Switzerland). The vials, containing
0.216 mg of glycosylated GM-CSF, were reconstituted with 2 ml of the
enclosed vehicle. Lyophilized placebo was also supplied in identical
vials by Sandoz/Schering Plough. GM-CSF or placebo was injected s.c.
once daily into the upper leg. If the injected volume exceeded 3 ml, the
total volume was divided over two sites on the upper legs.

Relaparotomy was carried out in patients with a complete clinical
remission after six chemotherapy cycles. If tumor progression occurred
during the study, the patient was taken off the study. The study was
approved by the Medical Ethical Committee of the University Hospital
of Groningen. All patients gave their informed consent for the study.

Blood counts, including differential and reticulocyte counts, were
performed on day 1, 7, 10. 15, and 22 during each cycle. Liver and
renal functions were determined at day 1,7, 15, and 22. Serum levels
of cholesterol, sodium, potassium, calcium, total protein, and albumin
were determined at the same times. Blood pressure, temperature, body
weight, and heart rate were measured on days 1 and 15. In addition,
patients frequently measured their temperature at home.

Creatinine clearance was calculated from the creatinine levels in 24-
h urine and in serum. CAI25 serum levels were measured before entry
and on days 1 and 15 during each cycle by a commercially available
enzyme-linked immunosorbent assay (Abbott, Chicago, IL).

The TER of "'I-albumin was measured in 14 patients (5 in the
control group, 9 in the GM-CSF group) 5 days after the first cycle of
chemotherapy, before the start of GM-CSF, and after 4 days of GM-
CSF. The methods were as described previously (25). The tracer, '"I-

HSA (IRE, Fleurs, Belgium), was injected into an arm vein. The injected
dose of '"I-HSA was approximately 200 kBq. Five-mi blood samples

in heparinized blood collecting tubes were taken from the contralateral
cubital vein 0, 5, 10, 15, 20, 30, 40, 50, 60, 75, 90, 105, and 120 min
after injection of 13II-HSA. The evening before the test, potassium
iodine was administered p.o. to prevent '"I uptake by the thyroid gland.

The TER test was performed during steady state. Patients remained
supine during the test. The TER (%/h) was calculated from the slope
of the "'I-albumin disappearance curve by a least squares fit of the data
with a monoexponential function. Normal values for TER of 13II-

albumin are 3.8 Â±1.8%/h (25).
TNF-tt, IL-6, and CRP serum levels were measured in five patients

during one cycle (control group one patient, 1.5 /jg GM-CSF one
patient, 6 ^g GM-CSF three patients). The serum levels were studied
on day 1 before chemotherapy and on days 7, 10, 13, and 15. The
samples on days 7, 10, and 13 were taken 22 h after the last GM-CSF
or placebo injection. TNF-Â«(normal value, <5 ng/liter) was measured
with a radioimmunoassay (Medgenix, Brussels, Belgium), IL-6 (normal

value, <20 units/ml) with the B9 bioassay (26), and CRP (normal value,
<2 mg/liter) with an enzyme-linked immunosorbent assay (27).

Statistical Analysis. Student's t test, the \2 test for small numbers,

the Wilcoxon rank sum test, and the log rank test were used for
statistical analysis. Only P < 0.05 was considered significant. Unless
otherwise stated. Student's I test was used for statistical analysis.

RESULTS

Patient Characteristics. In the GM-CSF group nine patients
presented with stage III ovarian cancer, while in the control
group four patients were diagnosed with stage III and two
patients with stage IV ovarian cancer. The median age of
patients in the GM-CSF and control group was 57 years (range,
31-66) and 58 years (range. 43-64), respectively. Creatinine
clearance at entry was 81 Â±21 (mean Â±SD) ml/min, in the
control group and 84 Â±6, 98 Â±44, and 91+26 ml/min,
respectively, in the 1.5-, 3-, and 6-^g/kg/day GM-CSF dose
groups (NS).

Hematological Recovery. Hematological recovery was deter
mined for all fully dosed chemotherapy cycles (six reduced
cycles in the control group and two in the GM-CSF group were
evaluated for GM-CSF toxicity only). GM-CSF significantly
raised the mean leukocyte count (Table 1) on days 7, 10, and
15 and the mean neutrophil count (Table 2) on days 7 and 10
at all three GM-CSF dose levels, as compared with the control
group. On day 22, the leukocyte and neutrophil counts at 6 Mg/
kg/day were increased in comparison with the control group.
The neutrophil count on day 15 was not significantly raised at
any of the GM-CSF dose levels. However, a neutrophil count
less than 0.5 x 109/'iter occurred in 20 of 22 cycles in the

control group and in 7 of 10. 8 of 13, and 5 of 17 cycles at the
1.5-, 3-, and 6-^g/kg/day GM-CSF dose levels, respectively (p
< 0.0005 for the 6-ng dose level compared to the control group,
X2 test). Seven days of GM-CSF did not affect the leukocyte

and neutrophil count on day 29 (the day the next chemotherapy
course was planned). The effect of GM-CSF on the leukocyte
count remained notable through consecutive chemotherapy
courses. The mean area under the curve for percentage decrease
in leukocyte counts during course 1 was: control group, 1516
Â±239% decrease-days (n = 6); and 878 Â±330, 502 Â±504, and
436 Â±42% decrease â€¢days (n = 3) for the 1.5-, 3-, and 6-/ig/kg/
day GM-CSF dose levels, respectively (P< 0.001 for cycle 1 of
the GM-CSF group compared to cycle 1 of the placebo group,
Wilcoxon rank sum test). Mean area under the curve for per
centage decrease in leukocyte counts during course 6 in the
GM-CSF group was 464 Â±390% decrease â€¢days (n = 6), with
P< 0.005 compared to cycle one of the control group (Wilcoxon
rank sum test).

A striking effect of GM-CSF on the eosinophil counts was
seen (Table 3). The absolute eosinophil count was higher at
both day 10 and day 15 at all three GM-CSF dose levels
compared to the control group. After cessation of GM-CSF
treatment the increase persisted till day 22 in the 1.5- and 6-
Mg/kg/day GM-CSF group. The absolute monocyte counts on
day 15 were raised at all three GM-CSF dose levels compared
to the control group (Table 4). Furthermore, on days 7 and 10,
the monocyte count at the 6-^g/kg/day GM-CSF dose step was
increased compared to the control group. On days 7, 10, and
15 the monocyte count at the 6-fig dose level was increased in
comparison with the 1.5-^g dose level, as was the monocyte
count at the 6-^g dose level on day 10 compared to the 3-Â¿Â¿g
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Table 1 Mean leukocyte count during fully dosed chemotherapy cycles

Leukocytes
(xlO'/liter)ControlsGM-CSF

dose(jig/kg/day)Day

Mean Â±SDnÂ°1

4.4 Â±
7 3.0 Â±

10 1.9 Â±
15 1.6Â±
22 3.0 Â±1.5

0.7
0.6
0.919

2122

22
21Mean

Â±1.5SD5.2

Â±2.8
4.6 Â±1.8*
2.9 Â±1.7*
2.7 Â±0.6r

3.9 Â±1.8n8

11
910

93Mean5.0

Â±
5.6 Â±
3.6 Â±
2.8 Â±
3.3 Â±.4

.8*

.5*

.5'

.0n11

13
13
1312Mean4.4

Â±
4.8 Â±
4.7 Â±
3.1 Â±
3.6 Â±6Â±SD0.7

2.4'
25*
1.0*
0.9'n14

16
16
17
16

0 Number of Ã©valuablecourses.
* P < 0.001 compared to control group.
c P < 0.005 compared to control group.
* P < 0.02 compared to control group.
'P< 0.05 compared to control group.

Table 2 Mean neutrophil count during fully closed chemotherapy cycles

Neutrophils
(xlO'/liter)Day1

7
10
1522ControlsMean

Â±SD3.15

Â±1.52
1.99 Â±0.56
0.95 Â±0.53
0.49 Â±0.61
1.37 + 0.65GM-CSF

dose(ng/kg/day)n"14

20
18
16161.5Mean

Â±SD3.38

Â±2.78
3.37 Â±1.38*
2.07 Â±1.37'

0.64 Â±0.74
2.20 Â±1.59n8

10
6
873Mean

Â±SD3.78Â±

1.34
4.49 Â±1.83*
2.18Â± 1.17*

0.70 Â±0.92
1.74 Â±0.70n10

12
13
11116Mean

Â±SD2.77

3.36
3.50
0.71
1.800.70

1.99C
2.11*

0.47
0.44''n13

14
14
1615

Â°Number of Ã©valuablecourses.
* P < 0.001 compared to control group.
c P < 0.01 compared to control group.
d P < 0.02 compared to control group.

Table 3 Mean eosinophil count during fully dosed chemotherapy cycles

Eosinophils
(XlO'/liter)Day1

7
10
1522ControlsMean

Â±SD0.10

Â±0.16
0.12 + 0.09
0.06 Â±0.06
0.02 Â±0.03
0.05 Â±0.03GM-CSF

dose(ng/kg/day)n"14

20
IX
16
161.5Mean

Â±SD0.10

Â±0.09
0.16 Â±0.11
0.44 Â±0.15*
0.51 Â±0.24*
0.11 Â±0.10'n8

10
6
873Mean

Â±SD0.04

Â±0.05
0.08 Â±0.08
0.29 Â±0.22*
0.54 Â±0.33*

0.07 Â±0.04n10

12
13
11116Mean

Â±SD0.09

Â±0.09
0.18 Â±0.12
0.30 Â±0.22*
0.65 Â±0.59*
0.18 Â±0.17'n13

14
14
1615

" Number of Ã©valuablecourses.
* P < 0.001 compared to control group.
c P < 0.05 compared to control group.
d P < 0.01 compared to control group.

Table 4 Mean monocyte count during fully dosed chemotherapy cycles

Monocytes
(x lO'/liter)

Controls GM-CSF dose (,<g/kg/day)

1.5

Day Mean Â±SD Mean Â±SD Mean Â±SD Mean Â±SD

1 0.240.177
0.0510
0.0315
0.190.040.030.1022

0.19 0.1014201816160.37

Â±0.390.02
Â±0.030.07
Â±0.080.34
Â±0.15*0.14

Â±0.088106870.260.110.090.470.130.130.140.26C0.250.0810121311110.28

Â±0.070.09
Â±0.05*0.19Â±0.09r0.59

Â±0.20f0.20

Â±0.071214141615
* Number of Ã©valuablecourses.
* P < 0.02 compared to control group.
' P < 0.001 compared to control group.

dose level. The lymphocyte count was raised on day 15 only at
the 3- and 6-^g/kg/day GM-CSF dose steps in comparison with
the control group (control group, 0.9 Â±0.4 x 109/liter, n = 16;

3 MgGM-CSF, 1.27 Â±0.28 x 1OV'iter, n = 11; 6-^g GM-CSF,

1.19 Â±0.47 x lOY'iter, n = 13). Basophil and reticulocyte
counts were not affected by GM-CSF.

The mean platelet count on days 15 and 22 was significantly
higher at the 3- and 6-^g/kg/day GM-CSF dose level compared
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to the control group (Table 5). The chemotherapy dose was
reduced in 6 of 28 cycles in the placebo group versus 3 of 44 (0
of 11, 1 of 15, and 1 of 18 cycles at the 1.5-, 3-, and 6-^g/kg/
day dose levels, respectively) in the GM-CSF group (Table 6).
Chemotherapy delay due to insufficient bone marrow recovery
(leukocyte count < 3.0 x lO'/liter) wras necessary in 3 of 28

cycles in the placebo group. This resulted in premature removal
of two patients from the study. In the 1.5-/jg/kg/day GM-CSF
group, postponement was indicated after cycles 3 and 5 (2
weeks each) for one patient. In the 6-iig/kg/day GM-CSF group
treatment delay was necessary in one patient after cycle 4 (2
weeks). In addition, one patient in the 1.5 Â¿Â¿g/kg/dayGM-CSF
dose group was taken off the study after two cycles of chemo
therapy because of tumor progression. Two of six patients in
the control group (33%) and four of nine patients in the GM-
CSF group (45%) completed the six cycles without chemother
apy dose reduction and postponement (NS). If chemotherapy
delay, chemotherapy dose reduction, and premature discontin
uation of GM-CSF administration were scored as events and
tumor progression was scored as lost to follow-up, in the log
rank test the difference was not significant between the control
and the GM-CSF group.

Four patients in the GM-CSF group, at relaparotomy, had a
partial remission (placebo group, three patients) and two pa
tients had a complete remission (placebo group, one patient)
(NS). CAI25 serum levels normalized after six chemotherapy
courses in five of six patients in the GM-CSF group and in four
of the six controls who completed treatment (NS).

Side Effects. A local reaction at the GM-CSF injection site
was noticed in all patients during one of the GM-CSF courses.
Local redness was observed in all patients. Two patients (3- and
6-/ig GM-CSF dose step) experienced a rash on the chest and
back and generalized itching during the first and second GM-
CSF course respectively. Eight patients developed local skin
infiltrates at the injection site during one or two GM-CSF
courses. Biopsies of the infiltrates from two patients showed
perivascular lymphocytic infiltrates with relatively large num
bers of eosinophils. GM-CSF administration (1.5 and 3 Â¿igAg/
day) was discontinued in two patients because of the severity of
the local infiltrates during the third GM-CSF course. In the
other patients the local reaction became less severe or disap
peared during the following GM-CSF courses. There was no
relationship between the severity of the local reaction and the
GM-CSF dose or eosinophil counts. No fever or hypotension
was observed in any of the patients. The only infection observed
was one of the lower urinary tract in the placebo group.

Cholesterol levels at day 15 in patients treated with GM-CSF

were lower than in the control group (GM-CSF group, 4.91 Â±
0.43 mM, n = 19; control group, 5.35 Â±0.95, n = 10; P < 0.05).
Cholesterol levels were not significantly different on day 1 (GM-
CSF group, 6.27 Â±0.59 mivi; control group, 5.9 Â±0.97 mM
and day 7 (GM-CSF group, 5.12 Â±0.54 mM; control group,
4.99 Â±1.15 mM). GM-CSF did not affect kidney and liver
function.

Capillary leakage of serum albumin was increased before the
start of GM-CSF infusion in all patients tested 5 days after the
first chemotherapy course (Fig. 1). Capillary leakage on day 10
at the three GM-CSF dose steps was not higher than in the
placebo group, suggesting that at these dosages, GM-CSF did
not further increase capillary leakage of serum albumin, al
though there is a considerable patient to patient variation.

Cytokine Release. TNF-Â«and CRP serum levels in the five
patients tested were normal before chemotherapy administra
tion (day 1). Levels did not increase during the administration
of placebo or 1.5 Â¿zg/kg/dayGM-CSF in the two patients tested
(Figs. 2 and 3). However, at the 6-iig/kg/day GM-CSF dose
step TNF-n and CRP serum levels did increase during GM-
CSF administration in the three patients tested. The levels
decreased after cessation of GM-CSF. These effects could not
be ascribed to IL-6 release since no significant difference in IL-
6 levels in patients at the 6-f/g GM-CSF dose level were ob
served on day 5 and day 13 (<12 units/ml at both days). No
signs of infection or local infiltrates at the injection site were
noticed during the period of measurement in these patients.

DISCUSSION

The study reported here is the first double-blind placebo-
controlled trial with increasing doses of GM-CSF administered
s.c. on an outpatient basis during consecutive cycles in previ
ously untreated patients with ovarian carcinoma. Several stud
ies with GM-CSF after ablative chemotherapy and autologous
bone marrow transplantation are reported (6, 7, 28). Some
studies are described after chemotherapy without autologous
bone marrow transplantation (4, 29, 30). Amman et al. (4)
studied patients with sarcomas, with escalating doses of GM-
CSF administered i.v. before and after a first cycle of chemo
therapy. A preliminary report of Edmonson describes data after
s.c. GM-CSF therapy (29). Gianni et al. (30) studied the effect
of continuously infused GM-CSF in patients with breast cancer
on non-Hodgkin's lymphoma after high-dose cyclophospha-

mide. In the present study, the leukocyte and neutrophil counts
were less markedly depressed than in the control group at all
three GM-CSF dose levels (Tables 1 and 2). The effect of GM-

Table 5 Mean platelet count during fully dosed chemotherapy cycles

Platelets
(x lO'/liter)

Day7

101522ControlsMean

Â±SD293

Â±81
242 Â±53
155 Â±42
61 Â±43

167 Â±98GM-CSF

doseUg/kg/day)nÂ°19

18
21
22
191.5Mean

Â±SD221

Â±69
165 Â±42
129 + 28
56 Â±17

138 Â±96n8

9
8
983Mean

Â±SD242

Â±87
186 Â±53
139 Â±52
102 Â±36*' '
254 Â±111*''n11

12
12
13
126Mean

Â±SD314

213
208
125
259105

105
109
114*162"n14

14
14
1715

" Number of Ã©valuablecourses.
* P< 0.01 compared to control group.
*P < 0.005 at 3 ,/g/kg/day GM-CSF compared to 1.5 Â¿ig/kg/dayGM-CSF.
d P < 0.05 compared to control group.
' P < 0.05 at 3/jg/kg/day GM-CSF compared to 1.5 /jg/kg/day GM-CSF.
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Table 6 Reasons for discontinuation of study, chemotherapy dose reduction, and
postponement

GM-CSF

1.5 3 6
wg/kg/day ^g/kg/day ><g/kg/day Control

Premature discontinuation
of study (patients)

Tumor progression
Prolonged myelotoxicity
Infiltrate injectionsiteNo.

of Ã©valuablecourses1

1112 115

18 28
Dose reduction (courses)

Carboplatin 25rÃreduc

tion
Cyclophosphamide 25% +

carboplatin 50% re
duction

Chemotherapy postpone
mentNo.

of patients1No.
of courseswith1
wkpostponement2
wk postponement2Postponement
resultingin

removal from study1

2l1

22

6

2-

Â«r-â€”â€¢"

\

\\

Â©GM-CSF placebo

10 10
day

Fig. I. TER of '"l-albumin in patients treated with chemotherapy and GM-
CSF. TER day 6: control group 9.0 Â±2.6%/h (n = 5); 1.5 /jg/kg/day GM-CSF
8.3 Â±0.8%/h (n = 3); 3 ^g/kg/day GM-CSF, 9.4 Â±1.3%/h (n = 3) ; 6 /ig/kg/
day GM-CSF 8.0 Â±2.3%/h (n = 3). NS. TER day 10: control group 8.9 Â±3.7%/
h; 1.5 â€žg/kg/dayGM-CSF 7.9 Â±0.9%/h; 3 Â«g/kg/day GM-CSF 8.2 Â±2.7%/h;
6 /jg/kg/day GM-CSF 6.9 Â±2.9%/h, NS. O, 1.5 ^g/kg/day GM-CSF. T. 3 â€žg/
kg/day GM-CSF, â€¢6 ^g/kg/day GM-CSF.

CSF on the leukocyte count, as expressed by the area under the
curve for percentage decrease in leukocyte counts during each
cycle, was still present in the sixth cycle. The elevation of
neutrophils is important, as severe infections in neutropenic
patients occur especially at a neutrophil count below 0.5 x IO9/

liter (31). A neutrophil count of less than 0.5 x lOV'iter
occurred significantly less frequently at the highest GM-CSF
dose level.

Apart from a raised neutrophil count, raised eosinophils also
contributed extensively to the leukocyte count in this study
(Table 3). Aglietta et al. (32) observed little effect on eosinophils
after continuous i.v. infusion of GM-CSF (8 ^g/kg/day) for 3
days in patients with solid tumors or non-Hodgkin's lymphoma.
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Fig. 2. TNF-Â« serum levels during GM-CSF administration in five individual
patients. â€¢,control group; O. 1.5 Â»jg/kg/day GM-CSF; A. D. .. 6 (ig/kg/day GM-
CSF.
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Fig. 3. CRP serum levels during GM-CSF administration. <

O, 1.5 (ig/kg/day GM-CSF; A, G. â€¢.6 ^g/kg/day GM-CSF.
Â»control group:

Herrmann et al. (33) noticed at 250-1000 Mg/nr/day GM-CSF
by continuous i.v. infusion a 4- to 5-fold increase in eosinophils
after GM-CSF administration for 5 days in patients not treated
with chemotherapy. Comparable results were obtained by
Lieschke et al. (34) at a dose of 20 ^g/kg/day GM-CSF,
administered s.c. In contrast, a rise of eosinophils has not been
described after high-dose chemotherapy and autologous bone
marrow transplantation (6, 7). A rise in the lymphocyte count
also was observed by Lieschke (34) at several GM-CSF dose
levels and by Phillips et al. (35) at 100 and 500 Mg/nr/day GM-
CSF.

Different effects of GM-CSF on platelet levels have been
reported. In mice, platelet recovery after irradiation was accel
erated by GM-CSF (36). Gianni et al. (30) reported that patients
treated with continuous GM-CSF infusion (5.5 i/g/kg/day) for
14 days after high-dose Cyclophosphamide required less pro
phylactic platelet transfusions. Of four studies performed with
GM-CSF without chemotherapy, two studies showed no con
sistent rise in platelets (34, 35) and one study reported a decline
in platelet levels during the first 3 days of continuous GM-CSF
infusion (4). In an additional study, a slight decrease during the
first 5 treatment days and a significant increase during the
following GM-CSF treatment for 5 days was observed (37).
This positive effect on platelet levels did not occur in a second
treatment cycle with GM-CSF, again without chemotherapy.
No effect on platelets was observed when GM-CSF was insti
tuted after high-dose chemotherapy and autologous bone mar
row transplantation in two studies (6, 28). Nemunaitis et al.
(7), however, observed earlier independence of platelet trans
fusions in some patients. Treatment with GM-CSF after
chemotherapy in sarcoma patients showed a higher platelet
nadir than in the control group (4). Finally, Edmonson et al.
(29) noted an amelioration of carboplatin-cyclophosphamide-
induced thrombocytopenia by GM-CSF. One should be cau
tious in interpreting platelet nadir results after carboplatin
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therapy without taking renal function into account. Platelet
nadir after carboplatin treatment is closely related to the renal
function (38, 39). In our study, with no significant difference in
renal function between the different patient groups, the mean
platelet count on day 15 was significantly higher at the two
highest GM-CSF dose steps than in the placebo group (Table
5).

Although GM-CSF can stimulate some nonhematopoietic
tumor cells (40), no evidence is available yet that this is the
case for ovarian carcinoma cells (41). The tumor response rate,
as determined by relaparotomy, was normal in the GM-CSF
group, but the number of patients in our study is too small to
enable final conclusions to be drawn.

The fact that GM-CSF increases the number and functional
activity of monocytes may be favorable for tumor response.
Activated monocytes can have a cytotoxic effect on ovarian
cancer cells (42). This effect may be increased by GM-CSF,
because GM-CSF increases in vitro monocyte cytolytic activity
and induces TNF secretion (14, 22, 43-45). The present study
shows that TNF-Â«serum levels are increased during the admin
istration of 6 Mg/kg/day GM-CSF in three patients (Fig. 2),
presenting evidence that, in vivo, TNF-Â«release is augmented
by a relatively low dose GM-CSF. This effect may be dose
dependent. It was not related to any side effects, because side
effects were not observed during the courses where TNF-Â«,IL-
6, and CRP serum levels were measured. The increase in CRP
serum levels (Fig. 3) supports the functional relevance of the
TNF-a levels, since TNF-Â«release is accompanied by an acute-
phase response.

Local reaction, ranging from redness to infiltrates leading to
cessation of GM-CSF administration, was observed in all pa
tients in the GM-CSF group. The local reactions disappeared,
however, in most patients during the following courses with
GM-CSF. In addition, a temporary generalized rash and pru
ritus was noticed in two patients. Lieschke et al. (34) observed
local reaction in 43% of their patients after s.c. GM-CSF
administration.

With 13'I-albumin we showed that, even after only one dose

of cyclophosphamide and carboplatin, the transcapillary leak
age of albumin, as described in other studies of patients treated
with chemotherapy (25, 46), is increased (Fig. 1) but that no
significant further increase occurred during treatment with
GM-CSF. Although there was a considerable patient to patient
variation, patients treated at the doses reported in this study
therefore do not seem to be at additional risk for a capillary
leakage syndrome during GM-CSF treatment. This is in con
trast with earlier GM-CSF studies (4, 6), using high doses of
GM-CSF (32-64 Mg/kg).

As reported earlier, GM-CSF can affect serum cholesterol
levels (47). In our study, no effect on serum cholesterol levels
was measured after GM-CSF administration for 2 days. Three
days after cessation of GM-CSF treatment cholesterol levels
were lower in the GM-CSF group, but this effect had disap
peared at day 1 of the following chemotherapy course.

The fact that fewer dose reductions and chemotherapy post
ponements were necessary in the GM-CSF group may result in
a higher drug intensity, but positive effects on tumor response
percentage will have to be studied in a randomized study with
a larger number of patients.

In conclusion, this study demonstrated that leukocyte, neu-
trophil, monocyte, eosinophil, and platelet counts increased at
the 3- and 6-Mg/kg/day GM-CSF dose levels, compared to a
control group. The use of GM-CSF at these doses seems

beneficial for patients with ovarian cancer treated with carbo
platin and cyclophosphamide, as it may enable dose intensifi
cation of the chemotherapeutic drugs. This is important as
tumor response on carboplatin and cyclophosphamide may be
dose dependent (21). In view of these findings, it may be
worthwhile to examine a combination of GM-CSF and IL-3 in
preventing myelotoxicity, inasmuch as these CSFs act synergis-
tically in stimulating hematopoiesis in primates (48). In addi
tion we presented evidence that GM-CSF can augment TNF-cv
release, an effect that, in combination with a positive effect on
the monocyte count, could augment tumor response. A larger
randomized study, however, is needed to evaluate this effect.
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