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To assess any synergistic stimulatory effect in viva of Interleukin 3 (IL-3) and Granulocyte Macro- 
phage-Colony Stimulating Factor (GM-CSF) upon white cell and platelet counts, toxicity and anti- 
tumour effect, we conducted this phase I study. IL-3 0.25,0.5 or 5 u.g/kg/day for 1,4 or 7 days was given 
by continuous intravenous (i.v.) infusion to 35 patients with advanced malignancy. 21 of the 35 patients 
also received sequential or overlapping treatment with continuous i.v. infusion of GM-CSF 1 or 
3 yg/kg/day for up to 10 days. Monotherapy with IL-3 producted significant dose related increases in 
platelets and white cell counts. Combinations of IL-3 and GM-CSF also produced increases in white 
cell counts, but these were no greater than would be expected following GM-CSF treatment alone. 
There was a trend for platelets to increase more in patients receiving IL-3 and GM-CSF than those 
receiving IL-3 alone, but this did not reach statistical significance. In general, IL-3 and combinations 
of IL-3 and GM-CSF were well tolerated and the most common side-effect was fever. A maximum 
tolerated dose was not reached and antitumour effects were not seen. Future studies using combinations 
of IL-3 5 pglkglday and GM-CSF 3 pglkglday may help to define the optimal therapeutic regimen. 
Copyright 0 1996 Elsevier Science Ltd 
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INTRODUCTION 
INTERLEUKIN-3 (IL-3) and Granulocyte Macrophage-Colony 
Stimulating Factor (GM-CSF) are haemopoietic growth fac- 
tors whose target cells range from primitive multipotential 
haemopoietic cells to those progenitor cells that are committed 
to specific haemopoietic lineages [l-5]. IL-3 supports the 
growth of very early haemopoietic progenitors in vitro and acts 
synergistically with other cytokines such as erythropoietin 
(Epo), GM-CSF and Granulocyte-Colony Stimulating Factor 
(G-CSF) in the formation of erythroid, myeloid, mixed and 
megakaryocyte colonies [6, 71. GM-CSF also interacts with 
early multipotent haemopoietic progenitor cells to promote 
growth, differentiation and proliferation of megakaryocyte, 
eosinophil and erythroid progenitors when acting in concert 
with Epo, Macrophage-Colony Stimulating Factor (M-CSF) 
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and G-CSF [8-161 but, in comparison to IL-3, its target cells 
appear to be a less primitive stage of development [2, 5, 8, 17, 
181. Both GM-CSF and IL-3 increase proliferative capacity 
by increasing the cycling rates of Granulocyte Macrophage- 
Colony Forming Cells [5, 19, 201. Additionally, GM-CSF 
enhances the functional capacity of mature myeloid cells, 
including antibody dependent cell cytotoxicity in neutrophils 
and eosinophils [21-231, the responses of neutrophils to 
chemotactic stimuli [24, PI], oxidative metabolism, phago- 
cytosis and cytotoxicity in mononuclear phagocytes [26] and 
enhancement of cytotoxicity towards tumour cells [27]. GM- 
CSF has anti-tumour activity in v&u and in vivo [28], and, in 
a phase I trial of GM-CSF, stabiiisation of malignant disease 
was observed in 7 patients and a significant tumour response 
in 1 out of 20 patients [29]. 

Correspondence to J.H. Scathe. 
Received 11 Sep. 1995; revised 18 Dec. 1995; accepted 11 Jan. 1996. 

Primate studies have provided in viva evidence that IL-3 
expands an early progenitor cell population that may then be 
stimulated to proliferate further by GM-CSF [30-331. In 
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humans, GM-CSF with IL-3 may be used to augment the 
potential of harvested bone marrow ex viva [34]. Thus, appli- 
cation of a combination regimen in viva might accelerate 
haemopoietic recovery following myelotoxic therapy [34, 351 
and enhance the antitumour effects of GM-CSF [36,37]. 

We describe here the results of a phase I study of sequential 
IL-3 and GM-CSF given as a continuous intravenous (iv.) 
infusion in order to observe the haematological effects and 
toxicity of this combination. A secondary aim was to assess any 
antitumour effect of the combination of IL-3 and GM-CSF. 

Patients 

PATIENTS AND METHODS 

Adult patients (aged 18-80 years) with locally advanced 
inoperable or unresponsive metastatic adenocarcinoma of the 
colon, rectum or pancreas, proven on biopsy, were eligible for 
entry. Patients had a Karnofsky performance status of >70, 
creatinine, urea and liver function tests within twice normal 
limits, haemoglobin >8 gidl, white cell count (WCC) 
>2 x 109/1 and platelets > 100 x 109/1. Patients with known 
allergic diseases and fertile women not using contraception 
were excluded as were patients who had received any other 
investigational drug within the preceding month. All patients 
gave written informed consent and the protocol was approved 
by South Manchester Ethics committee. 

IL-3 and GM-CSF 

Recombinant IL-3 (E. co& non-glycosylated, Sandoz) was 
supplied in vials containing 150 pg of IL-3 as a sterile 
lyophilised powder. These were reconstituted for infusion in 
2 ml of sterile water and the total daily dose made up to 48 ml 
in 0.9% sodium chloride containing 0.1 mg/ml of human 
serum albumin (HSA). This was administered via a continu- 
ous ambulatory delivery device (Pharmacia Deltac) and cen- 
tral venous line at a rate of 2 ml/h. Six weeks after the start of 
the study, the concentration of HSA was increased from 0.1 
to 2 mgiml for the low doses of IL-3 following the result of 
adsorption studies. 

Recombinant GM-CSF (E. coli, non-glycosylated, 
Sandox/Schering Mough) was supplied in vials containing 50, 
100 or 400 p,g of GM-CSF as a sterile lyophilised powder 
formulated with mannitol, HSA, polyethylene glycol and 
phosphate buffer that was reconstituted with 1 ml of sterile 
water. The total daily dose was made up to 48 ml in 0.9% 
sodium chloride and administered via a continuous ambulat- 
ory delivery device (Pharmacia Deltac) and central venous 
line at a rate of 2 ml/h. 

Study design 

This was an open non-randomised study of patients receiv- 
ing IL-3 therapy of varying daily dosage and duration with or 
without consecutive or overlapping treatment with GM-CSF 
(Table 1). Therapy was followed by a 21 day post-infusion 
observation period. Patients were allocated to treatment 
groups, each containing a minimum of 3 patients. Groups 1, 
2 and 6 received IL-3 alone at a dose of 0.25, 0.5 or 
5 p&kg/day for 7 days. Groups 3, 4 and 5 received IL-3 
0.25 &kg/day for 1, 4 or 7 days followed by 3 pglkgfday of 
GM-CSF. GM-CSF was given for 10 days or until a WCC of 
20 x 109/1 or a platelet count of 600 x log/l was reached. 
However, after the study was underway, it became apparent 
that a WCC of 20 x 10Q/l was reached too rapidly to allow the 
platelet response to be assessed. Hence, groups 7, 8 and 9 

Table 1. Treatment allocation of the 35 patients who entered the 

phase I trial of IL-3 plus GM-CSF 

IL-3 

Study 
GM-CSF 

Group n &kgiday days kg/kg/day Stan day 

1 3 0.25 1-7 - 

2 4* 0.5 l-7 - 

3* 3 0.25 1 3 2 
4* 3 0.25 l-4 3 5 
5* 3 0.25 l-7 3 8 
6 4* 5.0 l-7 - 

7t 3 5.0 1 1 2 

St 3 5.0 I-4 1 5 

9t 3 5.0 l-7 1 8 
10 3 5.0 1-4 - 

11t 3 5.0 l-4 1 3 
Total 35 

Patients in groups 3, 4, 5, 7, 8 and 9 received GM-CSF for a 

maximum of 10 consecutive days after IL-3 therapy; patients in group 

11 received GM-CSF for a maximum of 10 days starting on the third 

day of IL-3 therapy. 

*GM-CSF was stopped before 10 days of therapy if WCC >20 x 109il 

or platelets >600 x 109/1 in groups 3-5. tGM-CSF was stopped 

before 10 days of therapy if WCC >30 x lo911 or platelets 

>600 x log/1 in groups 7-9 and 11. *In groups 2 and 6 the fourth 

patient replaced patients who were withdrawn prematurely. 

received IL-3 5.0 &kg/day for 1, 4 or 7 days followed by 
1 p&kg/day of GM-CSF given for 10 days or until a WCC of 
30 x log/1 or a platelet count of 600 x log/l was reached. 
Finally, a group of 3 patients was given IL-3 5.0 p&kg/day for 
4 days with GM-CSF given concurrently on days 3 and 4 and 
continued for up to 10 days or until a WCC of 30 x lo’/1 or a 
platelet count 600 x log/1 was reached (group 11) while 
another group received only IL-3 5 kg/kg/day for 4 days 

(group 10). 
Patients were monitored closely for haematological and 

biochemical changes and for clinical symptoms and signs of 
toxicity during the infusion period and for 21 days after 
completion. Patients discontinuing treatment for any reason 
were replaced, but all patients were included in the assessment 
of toxicity. Electrocardiograms and dipstick urinalysis (Ames 
Multistix) were included in these assessments. The obser- 
vation period was extended if any parameter had not returned 
to prestudy level by 2 1 days. Studies in primates using a range 
of doses of IL-3 equivalent to those used in this study have 
shown a 1 O-l 00 fold increase in intracellular histamine levels 
(Sandoz Pharmaceutical Ltd, company data, not shown). 
Therefore, blood histamine levels (total and intracellular) 
were also measured daily during the infusions and on each of 
the 5 days, the 10th day and the 2 1 st day following infusion in 
the first patient in treatment groups l-5. Bone marrow aspir- 
ates and trephines were taken pre-study, at the end of IL-3 
and at the end of GM-CSF treatment. Tumour measurements 
were made before treatment and after the 21 day period of 
follow-up. 

Toxicity was assessed using WHO criteria [38]. If 2 of the 3 
patients exhibited grade 3. or 4 toxicity, then the previous 
dosage and duration was to be specified as the maximum 
tolerated dose (MTD). 
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Statistical analysis 

Data from groups l-l 1 were pooled where possible and the 

statistical procedures used were the non-parametric Mann- 

Whitney U-test to compare changes in WCC and platelet 
counts in groups receiving monotherapy with IL-3 versus 
groups receiving combination therapy with IL-3 and GM- 
CSF and the Wilcoxon matched-pairs signed rank test to 
detect differences between the groups receiving IL-3 only. 

Patients 

RESULTS 

33 patients were evaluable for assessment of biological 
activity of IL-3 and GM-CSF in 11 groups. 2 other patients 
were withdrawn because of adverse events and were replaced, 
and 35 patients were therefore available for evaluation of 

toxicity. There were 22 males and 13 females with a median 

age of 55 years (range 33-71 years) and median Karnofsky 
performance status 80 (range 70-100). 30 had colorectal 
carcinoma and 3 had pancreatic carcinoma, while in 2 patients 
the site of the primary malignancy was unknown. One patient 
had evidence of malignant infiltration in the bone marrow 

prior to study treatment; previously 3 1 patients had undergone 
surgery and 1 had received limited field radiotherapy. 

Haematologikal changes 

The effect of IL-3 monotherapy on white cell and platelet 

counts. Treatment with IL-3 caused a rise in WCC, and this 

was significantly related to dosage when measured at day 7 

(P = 0.04 at day 7). Thus the mean leucocyte count increased 
from 7.6 before treatment to a peak of 9.0 x lo911 in group 1 

and from 8.0 to 18.9 x 109/1 in group 6 (Table 2). An absolute 
WCC exceeding 20 x 1 09/1 was only seen in patients receiving 
IL-3 5 pg/kg/day and almost all of the increase was due to 
dose related increments in neutrophil counts (Figure l), evi- 

dent within 48 h of the start of therapy. The eosinophil count 
rose in all patients but remained below 2 x 10911, except for 
1 patient receiving IL-3 5 kg/kg/day for 7 days, in whom 
eosinophils reached 6 x 1 09/1 by day 6. There were no consist- 

Table 2. The efJects of monotherapy with IL-3 0.25, 0.5 or 

5.0 pglkglday on platelet and white blood cell counts 

Group 

IL-3 
Study 

kgikglday days 

Platelet increment* 

x 109/l AUC 

WCC 
increment 

x 1 O”/lf 

1 0.25 1-7 71 552 0.5 
49 693 2.4 
33 247 1.3 

2 0.5 l-7 49 33 4.0 
76 180 5.9 
41 890 2.7 

6 5.0 l-7 262 2595 5.3 
277 317 17.0 
224 2802 10.5 

10 5.0 l-4 58 847 6.9 
160 429 16.6 
164 1653 9.1 

*Platelet increment is expressed as the peak count during the first 2 1 
days minus the baseline value and as the area under the curve (AUC) 
of platelet count plotted against time during the first 21 days of the 
study. tWCC increment is the peak count during IL-3 therapy minus 
the baseline value. 
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Figure 1. The effect of monotherapy with IL-3 at 5 pglkglday 
i.v. for 7 days on total WCC, neutrophils, eosinophils and 

platelets in one representative patient. 

ent changes in lymphocyte, monocyte or basophil counts 
and white cell counts returned to baseline values during the 
observation period with a rapid decline in the first 48 h after 

IL-3 treatment was completed (Figure 1). 
IL-3 also caused an increase in platelet counts (Table 2 and 

Figure 1). The platelet count did not start to rise until at least 
5 days after the start of the treatment but then continued to 
rise when IL-3 was discontinued. Maximum values were 

reached at a median of 13.5 days (range 12-l 5 days) after the 

start of treatment, and at day 14 there was evidence of a 

significant dose related effect of IL-3 upon platelet counts 
(P = 0.028 at day 14). There was then a decline to pretreat- 
ment values over the next 14 days. 

The effect of combination therapy with IL-3 and GM-CSF on 

white cell and platelet counts. Treatment with IL-3 and GM- 
CSF combinations was associated with increases in WCC, 

predominantly in neutrophil counts (Figure 2). Eosinophil 
counts rose as expected [29] when IL-3 treatment was fol- 

lowed by GM-CSF but fell towards baseline within 48 h of 
withdrawal of GM-CSF. There were no consistent changes in 
lymphocytes, monocytes or basophils. Overall, the rises in 

WCC in patients on combination regimens were greater than 
those in patients receiving monotherapy with IL-3 (Tables 3 
and 4). This was statistically significant when the WCC were 
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Figure 2. The effect of combination therapy with IL-3 at 
5 ~gllcglday i.v. for 7 days followed by GM-CSF 1 pgkglday i.v. 
on total WCC, neutrophils, eosinophiis and platelet counts in 

one representative patient. 
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Table 3. The effects of combination therapy with IL-3 0.25 or 0.5 pglkglday followed by GM-CSF 3.0 pglkglday on platelet and white 
blood cell counts 

Group 

IL-3 GM-CSF Platelet increment* WCC increment 

during IL3 

ygikgiday Study days &kgiday x 109/l AUC x 1 O”& 

1 0.25 l-7 71 552 0.5 
49 693 2.4 
33 247 1.3 

2 0.5 l-7 49 33 4.0 
76 180 5.9 
41 890 2.7 

3 0.25 1 3 971 15479 0 
83 839 0 

165 520 0.1 
4 0.25 l-4 3 255 1094 0.8 

93 558 1.4 
27 0 2.3 

5 0.25 l-7 3 84 526 3.7 

556 676 5.3 

119 324 4.9 

Median (Range) 83 (27-97 1) 552 (o-15479) 2.3 (O-59) 

*Platelet increment is expressed as the peak count during the first 21 days minus the baseline value and the area under the curve (AUC) of 

platelet count plotted against time during the first 21 days of the study. tWCC increment is the peak count during IL-3 therapy minus the 

baseline value. 

Table 4. The effects of combination therapy with IL-3 5 pglkgfday followed by or overlapping with GM-CSF 1 .O pglkglday on platelet 
and white blood cell counts 

Group 

IL-3 GM-CSF Platelet increment WCC increment 

during IL-3 

I*-gikglday Study days n&kgiday x 109/1t AUC* XloVt 

10 5.0 

6 5.0 

7 5.0 

8 5.0 

9 5.0 

11 5.0 

l-4 58 847 6.9 

160 429 16.6 

164 1652 9.1 
l-7 262 2595 5.3 

277 317 17.0 

224 2802 10.5 
1 1 55 79 3.8 

87 1343 4.2 

84 0 1.6 
l-4 1 160 1563 11.5 

326 1495 5.2 

186 2087 8.0 

l-7 1 187 1636 11.4 

369 2564 4.8 

202 2049 8.0 
l-4 (overlap) 1 217 2251 5.2 

28 0 8.3 

252 2945 9.6 

Median (range) 186 (28-367) 1643 (O-2945) 7.6 (1.6-17) 

*AUC, area under the curve of platelet count plotted against time during the first 21 days of the study. *WCC increment is the peak count 

during IL-3 therapy minus the baseline value. 

compared on days 7, 14 and 21 of the study (P = 0.01 at day dence that prior treatment with IL-3 accelerated the WCC 
7, P = 0.0015 at day 14, and P = 0.018 at day 21). The rises response to GM-CSF (Table 5). 
in WCC that occurred during IL-3 treatment tended to be In a historical group of 6 patients ([39] and Table 5) 
greater in those patients receiving IL-3 5 l-&kg/day than in receiving GM-CSF 3 &kg/day by continuous infusion, 5 
those receiving 0.25 or 0.5 kg/kg/day but there was no evi- achieved a WCC >20 x lo’/1 within 48 h. We found that 
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Table 5. The effect of IL-3 0.25 or 5.0 pglkglday given for 1, 4 or 7 days upon the rise in WCC achieved by day 2 of treatment with 
GM-CSF 1 or 3 pglkglday 

IL-3 

%kJday 

GM-CSF 

&kgiday 0 

Number of days treatment with IL-3 

1 4 7 4t Total 

0 3 S/6* - 516 

0.25 3 213 113 213 519 

5.0 1 113 013 113 113 3112 

Number of patients achieving WCC >20 x lo911 within 48 hours of starting GM-CSF are shown in bold. 

*Historical control [39]. tIL-3 treatment overlapping with GM-CSF. 

treatment with combinations of IL-3 and GM-CSF, whether 
sequential or overlapping, conferred no apparent benefit over 
GM-CSF alone in causing the WCC to rise; the overall effect 
was additive rather than synergistic. 

Combination treatment with IL-3 and GM-CSF was 
associated with an increase in the platelet count (Tables 3 and 
4). In general, the platelet count started to rise 5 days after IL- 
3 treatment began and peaked between days 8 and 26, median 
day 19, for low doses of IL-3 and between days 7 and 20, 
median day 14, for high doses of IL-3. Once cytokine treat- 
ment was complete, the platelet count gradually fell and 
had reached pretreatment values by the end of the 21 day 
observation period. When all patients who had received mono- 
therapy with IL-3 were compared to all patients receiving IL- 
3 and GM-CSF, there were no significant differences in 
platelet counts until day 21 of the study. Patients receiving 
combination treatment then had a significantly greater platelet 
count relative to pretreatment values than those receiving 
monotherapy (P = 0.028). GM-CSF was stopped prema- 
turely because the WCC had reached 20 x 1 O’/l in 8 patients, 
but in all patients the peak platelet count occurred after 
GM-CSF was stopped. A 50-year-old female patient with 
metastatic carcinoma of the rectum developed thrombocy- 
thaemia following IL-3 0.25 pgikgiday 1 day + GM-CSF 
3 &kg/day. The baseline platelet count was 119 x 10’11 and 
this increased to 671 x 109/1 after IL-3. Following a single 
dose of GM-CSF, the platelet count was 675 x 10’11 and no 
further GM-CSF was given, in accordance with the protocol. 
The platelet count continued to rise, reaching a maximum of 
1070 x lo911 at 11 days post infusion. 

HaemogZobin Haemoglobin decreased slightly in most 
groups without a clear relationship to cytokine dosage. 4 
patients required transfusion during the study. 

Bone marrow. Bone marrow aspirates and trephines were 
examined before treatment started, after IL-3 treatment and 
again after GM-CSF treatment was completed. All but 2 
patients had normal bone marrow cellularity throughout the 
study; 1 of these (patient 20, IL-3 5.0 pg/kg/day 1 day and 
GM-CSF 1.0 &kg/day) had evidence of malignant infil- 
tration before starting treatment and died of progressive dis- 
ease 13 days after the last dose of GM-CSF, while the other 
had hypocellular marrow prior to treatment (IL-3 
5.0 kg/kg/day 4 days and GM-CSF 1.0 p&kg/day). There 
were no consistent changes in numbers of megakaryocytes, 
degree of myeloid or erythroid maturation or in myeloid: 
erythroid ratios. 

Clinical toxicity 
IL-3 infusion 0.25 or 0.5 kglkglday. Low doses of IL-3 given 

at 0.25 or 0.5 &kg/day were generally very well tolerated 
(n = 16). 3 patients had mild fever (one grade 1, two grade 
2). Somnolence was reported by 3 patients (2 grade 2, 1 grade 
3). Patient 14 (IL-3 0.25 p&kg/day 7 days and GM-CSF 
3 pglkglday), a 69-year-old man with adenocarcinoma who 
developed grade 3 somnolence, had a history of similar epi- 
sodes prior to the study and treatment was not stopped. 
Patient 4, a 49-year-old woman with metastatic adenocarcin- 
oma receiving IL-3 0.5 pg/kg/day and concomitant therapy 
with amitryptiline, fluphenazine and nortryptiline, com- 
plained of blurred vision and headache lasting 1 h on day 1 of 
the IL-3 infusion and was withdrawn from the study. These 
symptoms recurred twice more in the following 12 h causing 
a residual visual deficit which improved over the following 11 
days. Computerised tomography and electroencephalography 
of the brain did not identify a cause, but it is possible that IL- 
3 or her other medication were contributory. 

IL-3 infusion 5 pgikglday. 19 patients received high doses 
of IL-3 at 5.0 kg/kg/day (Table 6). Grade 3 toxicity was 
reported in patient 19 (IL-3 5 kg/kg/day 7 days), a 65-year- 
old woman with metastatic adenocarcinoma of the caecum 
who had had a myocardial infarction 2 years previously, 
and was receiving concomitant treatment with morphine, 
cyclizine, metoclopramide, prochlorperazine, verapamil, spi- 
ronolactone and isosorbide mononitrate. She developed atria1 
flutter on day 7 of treatment with IL-3 and was withdrawn 
from the study. Ventricular failure and cardiac arrest followed 
and the patient died that day. However, these events were 
considered unlikely to be secondary to treatment with IL-3. 

Table 6. Adverse events during administration of IL-3 at 
5 ,ugikglday i.v. in 19 patients 

Toxicity (WHO grade) 

0 1 2 314 

Fever 2 4 13 0 

Headache 10 6 3 0 

Bone pain 9 7 3 0 
Nausea 17 2 0 0 

Somnolence 17 0 2 0 

Cardiac 18 0 0 1 
Vision 19 0 0 0 

‘Flu’ symptoms 15 1 3 0 
Totals 20 24 1 
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Fever was more frequent in those who received IL-3 
5 l&kg/day compared to those who received 0.25 or 
0.5 &kg/day. The highest mean increase in body temperature 
(1.1 “C) was observed during concurrent administration of IL- 
3 and GM-CSF (group 11) and all 3 of this group reported 
‘flu’ like symptoms (one grade 1, two grade 2). Overall, the 
various dosing regimens were well tolerated while toxicity due 
to GM-CSF was as anticipated and very mild [29,40]. 

Prior to treatment, 26/35 patients had elevated liver 
enzymes (grade l-3) and subsequent changes in liver enzymes 
were not dose related, but instead probably reflected the 
underlying malignancy. There were no significant changes in 
renal function, electrolytes, plasma proteins, blood glucose, 
histamine or urinalysis attributable to treatment with IL-3 or 
GM-CSF. 

Tumour responses 
There were no tumour responses; 14 of the 34 evaluable 

patients had stable disease and 20 progressive disease. One 
patient, patient 20 (IL-3 5 l&kg/day 1 day and GM-CSF 
1 kg/kg/day) was withdrawn on day 24 because of tumour 
progression causing ureteric obstruction. 

DISCUSSION 
Clinical phase I/II studies with IL-3 alone suggest that it 

causes a significant dose dependent increase in peripheral 
platelet counts by day 15 after the start of therapy [41], in 
addition to increases in bone marrow progenitor cells [42]. 
Increases in neutrophils have been reported in some patients 
together with small increases in circulating haemopoietic pro- 
genitor cells [43]. Fever, headache, rash and ‘flu’ like symp- 
toms are common side-effects, but appear to be tolerated at 
doses lower than 16 pg/kg/day subcutaneous (s.c.) [39, 41, 
441. These reports are in agreement with our observations of 
an IL-3 induced dose dependent increase in platelet counts, 
starting within 5 days of treatment and peaking at 12-l 5 days, 
together with small dose related increases in neutrophils which 
occurred during IL-3 therapy. Toxicity attributable to IL-3 
was generally mild, although, in addition to fever and ‘flu’ 
like symptoms, bony pain was also repeated. WHO grade 3 
symptoms of somnolence and cardiac arrythmias during the 
study were not clearly attributable to IL-3 treatment, but 
instead appeared to be exacerbations of pre-existing clinical 
syndromes. Concomitant therapy with anticholinergics may 
have contributed to the visual disturbance occuring in one 
patient. Although we found no evidence of IL-3 induced 
increases in total or intracellular venous blood histamine 
levels, it should be noted that there is rapid sample decay 
which may give falsely low results. 

The use of GM-CSF in clinical trials, in contrast to IL-3, is 
associated with a marked elevation in circulating neutrophils, 
eosinophils and monocytes with an early rise, particularly in 
neutrophils, in the first 4 days, followed by a plateau with 
further elevation at 8 days while the bone marrow cellularity 
increases with an increase in the myeloid:erythroid ratio [5, 
39,45-501. However, there is little consistent effect on throm- 
bopoiesis [40, 511, although some patients achieve an increase 
in platelet counts on doses of 120-500 Kg/kg/day [52]. While 
the increases in white cells following GM-CSF treatment are 
dose dependent, the route of administration is also important 
since equivalent effects are seen when low doses of GM-CSF 
given by S.C. or continuous i.v. schedules are compared to 
higher doses given as i.v. boluses [46]. Toxicity, however, is 

seen most frequently when i.v. boluses are used and the 
most often reported side-effects are fever, bone pain, myalgia, 
lethargy, skin rashes and dyspnoea. Bony pain is severe at 
doses over 15 p&kg, but skin rashes are largely associated with 
S.C. use [53]. However, at doses less than 10 p&kg, only 5% 
of patients have WHO grade 3 or 4 toxicity. At the doses of 
GM-CSF used in this study, toxicity would be predicted to be 
mild [29, 401, and, in fact, most patients experienced few 
toxic symptoms. Symptomatic treatment of IL-3 induced 
toxicity with simple analgesia may have masked further symp- 
toms due to GM-CSF, and it is of note that the concurrent 
administration of IL-3 and GM-CSF was associated with the 
greatest rises in temperature. 

We found that combinations of IL-3 and GM-CSF given 
as consecutive or overlapping continuous infusions caused 
peripheral granulocyte and platelet counts to rise significantly 
above baseline values, but were little better than GM-CSF 
alone in elevating the peripheral white cell count (Table 5 and 
[39]). The time taken to reach a WCC of 20 x log/1 was similar 
to historical controls treated with GM-CSF 3 wg/kg/day and 
there was thus no evidence of synergy. However, cell kinetics 
data reported previously [54, 551 reveal that the elevation 
in neutrophil counts associated with GM-CSF therapy is 
accompanied by prolongation of the half life of peripheral 
blood neutrophils and by a considerable degree of ineffective 
haemopoiesis in the bone marrow. This is in contrast to our 
study described in this communication from which Lord and 
associates [56] have derived in vitro data that show that the 
half life of neutrophils appearing in the blood in response to 
combination therapy is, at 9.3 h, near normal and that there is 
no evidence of an increase in ineffective haemopoiesis in bone 
marrow. Hence, combination therapy with IL-3 and GM- 
CSF approximates more closely to normal physiology than 
does monotherapy with GM-CSF. 

Bnmo and associates report that administration of IL-3 
followed by GM-CSF increases thrombopoiesis by sequen- 
tially increasing megakaryocyte numbers (IL-3) and matu- 
ration (GM-CSF) [57]. This is a synergistic effect that appears 
to be limited to the amplitude of the platelet response and 
does not affect the duration of the response after treannent 
stops. We found no evidence that combinations of IL-3 
0.25 kg/kg/day and GM-CSF 3 kg/kg/day were more effective 
at increasing the platelet count response than IL-3 alone. High 
dose IL-3, 5 kg/kg/day, and low dose GM-CSF, 1 pgikgiday, 
tended to produce a greater platelet response than high dose 
IL-3 alone although, due to the small numbers of patients, 
this did not reach statistical significance. Direct comparison 
between the high and the low IL-3 dosages was not possible 
because of the varying dosage and duration of GM-CSF 
treatment, in part a consequence of the altered WCC end- 
point. It is noteworthy that in 1 patient receiving IL-3 
0.25 kg/kg/day followed by GM-CSF 5 &kg/day, the platelet 
count rose to 1070 x log/l and this may have been due to 
extreme sensitivity to the administered growth factors, per- 
haps due to enhanced IL-3 binding to its receptor, to hyper- 
sensitivity of the second messenger system or the lack of 
production in z&o of a normal inhibitor, or it may have 
represented a synergistic effect with some other unidentified 
growth factor in vivo. 

Fay and associates have recently reported the results of 
administration of sequential IL-3 and GM-CSF following 
autologous bone marrow rescue in myeloablated heavily pre- 
treated patients with lymphoma [58]. They showed that this 
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regimen caused significant improvements in thrombopoietic 

recovery compared to GM-CSF, G-CSF or IL-3 monother- 

apy and was comparable to G-CSF primed peripheral blood 

progenitor cell rescue in similar patients. 

Interpretation of the data in this study is constrained by the 

small numbers of patients within individual groups. However, 

it was possible to draw meaningful conclusions by considering 

overall trends and subjecting these to statistical analysis as 

described in Materials and Methods. We found that combi- 

nation treatment with IL-3 and GM-CSF may be used to 

produce increases in neutrophil counts which are comparable 

to those observed when GM-CSF is used alone, but which 

appear to be produced in a more physiologically normal way. 

Combination therapy with IL-3 and GM-CSF also produces 

a rise in platelet counts which, at the higher dose of IL-3, 

5 &kg/day, may be greater than that seen when IL-3 alone is 

given. Since this dose of IL-3 was well tolerated and there was 

no severe toxicity attributable to combination therapy, further 

studies should be done using IL-3 5 l&kg/day and GM- 

CSF 3 p&kg/day. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Yang Y, Ciarletta AB, Temple PA, et al. Human IL-3 (multi- 
CSF): identification by expression cloning of a novel haematopo- 
ietic growth factor related to murine IL-3. Cell 1986, 47, 3-10. 
Sieff C, Emerson SG, Donahue RE, Nathen DG. Human recom- 
binant granulocyteimacrophage colony stimulating factor: a mul- 
tilineage haematopoietin. Science 1985,230, 1171-l 173. 
Migliaccio AR, Bruno M, Migliaccio G. Evidence for direct 
action of human biosynthetic (recombinant) GM-CSF on 
erythroid progenitors in serum-free culture. Blood 1987, 70, 
1867-1871. 
Mazer EM, Cohen JL, Wong G, Clark SC. Stimulant effect of 
human recombinant granulocyteimacrophage colony stimulating 
factor (rGM-CSF) on colony growth from human megakaryocyte 
progenitor cells (CFU-Meg). Blood 1986,68(Suppl. I), 1712. 
Coutinho LH, Will A, Radford J, Schiro R, Testa NG, Dexter 
TM. Effects of recombinant human Granulocyte-Colony Stimul- 
ating Factor (CSF), human Granulocyte Macrophage-CSF, and 
gibbon Interleukin-3 on haematopoiesis in human long-term 
bone marrow culture. Blood 1990,75,2 118-2 129. 
McNiece IK, McGrath HE, Quesenberry PJ. Granulocyte colony 
stimulating factor augments in vitro megakaryocyte colon forma- 
tion by interleukin-3. Exp HemaroZl988, 16, 807-810. 
Sonoda Y, Yang YC, Wong GG, et al. Erythroid burst-promoting 
activity of purified recombinant human GM-CSF and interleu- 
kin-3: studies with anti-GM-CSF and IL-3 sera and studies in 
serum-free cultures. Blood 1988, 72, 1381-1386. 
Leary AG, Yang Y-C, Clark SC, Gasson JC, Golde DW, Ogawa 
M. Recombinant gibbon interleukin 3 supports formation of 
human multilineage colonies and blast cell colonies in culture: 
comparison with recombinant human granulocyte-macrophage 
colony stimulating factor. Blood 1987, 70, 1343-l 348. 
Robinson BE, McGrath HE, Quesenbeny PJ. Recombinant 
murine granulocyte macrophage colony-stimulating factor has 
megakaryocyte colony-stimulating activity and augments megaka- 
ryocyte colony stimulation by interleukin 3. J Clin Invest 1987, 
79,1648-1652. 
Sonada Y, Yang YC, Wong GG, Clark SC, Ogawa M. Analysis 
in serum-free culture of the targets of recombinant human hema- 
topoietic growth factors: interleukin 3 and granulocyte macroph- 
age-colony stimulating factor are specific for early developmental 
stages. Proc Natl Acad Sci USA 1988,85,43604364. 

11. Tomonaga M, Golde DW, Gasson JC. Biosynthetic 
(recombinant) human granulocyte-macrophage colony stimulat- 
ing factor: effect on normal bone marrow and leukaemia cell 
lines. Blood 1986,67, 31-36. 

12. Long MW, Hutchinson RJ, Gragowski LL, Hefhrer CH, Emer- 
son SG. Synergystic regulation of human megakaryocyte develop- 
ment. JClin Invest 1988, 82, 1779-1786. 

13. Donahue RE, Emerson SG, Wang EA, Wong GG, Clark SC, 
Nathan DG. Demonstration of burst-promoting activity of 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

recombinant human GM-CSF on circulating erythroid progeni- 
tors using an assay involving the delayed addition of erythropoie- 
tin. BZood 1985,66, 1479-1481. 
Bruno E, Miller ME, Hoffman R. Interacting cytokines regulate 
in vitro human megakaryocytopoiesis. Blood 1989,73,671-677. 
Emerson SG, Sieff CA, Wang EA, Wong GG, Clark SC, Nathan 
DG. Purification of fetal hematopoietic progenitors and demon- 
stration of recombinant multipotential colony stimulating 
activity. JClin Invesr 1985, 76, 1286-1290. 
Bonnem EM, Morstyn G. Granulocyte macrophage colony sti- 
mulating factor (GM-CSF) current status and future develop- 
ment. Semin Oncol1988,1_5,46-5 1. 
Lopez AF, Nicola NA, Burgess AW, et al. Activation of granulo- 
cyte cytotoxic function by purified mouse colony-stimulating 
factors.3lmmunol 1983, 131, 2983-2988. 
Leary AG, Ikebuchi K, Hiarai Y, er al. Synergism between 
interleukin-6 and interleukin-3 in supporting proliferation of 
human haemopoietic stem cells: comparison with interleukin-1. 
Blood 1988,71, 1759-1763. 
Broxmeyer HE, Cooper S, Williams DE, Hangoc G, Gutterman 
JU, Vadhan RS. Growth characteristics of marrow hematopoietic 
progenitor/precursor cells from patients on a phase I clinical 
trial with purified recombinant human granulocyte-macrophage 
colony-stimulating factor. Exp Hematol 1988, 16, 594-602. 
Socinski MA, Cannistra SA, Elias A, Amman KH, Schnipper L, 
Griffin JD. Granulocyte-macrophage colony stimulating factor 
expands the circulating haemopoietic progenitor cell compart- 
ment in man. Lancet 1988,1, 1194-l 198. 
Vadas MA, Nicola NA, Metcalf D. Activation of antibody depen- 
dent cell mediated cytotoxicity of human neutrophils and eosino- 
phils by separate colony stimulating factors. J ImmunoZ1983, 130, 
795-799. 
Metcalf D, Begley CG, Johnson GR. Biologic properties in vitro 
of a recombinant human granulocyte-macrophage colony stimul- 
ating factor. Blood 1986,67, 3745. 
Champlin RE, Nimer SD, Oette DH, Golde DW. Granulocyte- 
macrophage colony stimulating factor (GM-CSF) treatment for 
aplastic anaemia. Clin Res 1988, 36, 563A. 
Coffey RG. Mechanism of GM-CSF stimulating of neutrophils. 
Immunol Res 1989,8,236-248. 
Wang JM, Collela S, Allavena P, Mantovani A. Chemotactic 
activity of human recombinant granulocyte-macrophage colony 
stimulating factor. Immunology 1987, 60,439-444. 
Ruef C, Coleman DL. Granulocyte-macrophage colony stimulat- 
ing factor: pleiotropic cytokine with potential clinical usefulness. 
Rev Infect Dis 1990, 12,41-62. 
Kleinerman ES, Knowles RD, Lachman LB, Gutterman JU. 
Effect of recombinant granulocyte/macrophage colony stimulat- 
ing factor on human monocyte activity in vitro and following 
intravenous administration. Cancer Res 1988, 48, 2604-2609. 
Charak BS, Sadowski RM, Mazumder A. Granulocyte-macroph- 
age colony stimulating factor in autologous bone marrow trans- 
plantation: augmentation of graft versus tumor effect via antibody 
dependent cellular cytotoxicity. Leuk Lymphoma 1993, 9, 453- 
457. 

Steward WE, Scarffe JH, Austin R, el al. Recombinant human 
granulocyte macrophage colony stimulating factor (rhGM-CSF) 
given as daily short infusions-a phase I dose-toxicity study. Br J 
Cancer 1989,59, 142-145. 
Donahue RE, Seehra J, Metzger M, et al. Human IL-3 and GM- 
CSF act synergistically in stimulating hematopoiesis in primates. 
Science 1988,241, 1820-1923. 
Krumwieh D, Seiler FR. In vivo effects of recombinant colony 
stimulating factors on hematopoiesis in cynamolgus monkeys. 
Transplant Proc 1989,21, 2964-2967. 

Geissler K, Valent P, Mayer I’, et al. Recombinant human 
interleukin-3 expands the pool of circulating hematopoietic pro- 
genitor cells in primates-synergism with recombinant human 
granulocyte/macrophage colony-stimulating factor. Blood 1990, 
75,2305-2310. 
Mayer P, Valent P, Schmidt G, Liehl E, Bettelheim P. The in 
viva effects of recombinant human interleukin-3: demonstration 
of basophil differentiation factor, histamine-producing activity, 
and priming of GM-CSF responsive progenitors in nonhuman 
primates. Blood 1989, 74, 613-621. 
Naparstek E, Hardan Y, Ben-Shahar M, et aZ. Enhanced marrow 
recovery by short preincubation of marrow allografts with human 



1178 S. Bretti et al. 

recombinant interleukin-3 and granulocyte-macrophage colony 
stimulating factor. Blood 1992, 80, 1673-1678. 

35. Morstyn G, Lieschke GJ, Sheridan W, Layton J, Cebon J, Fox 
RM. Clinical experience with recombinant human granulocyte 
colony-stimulating factor. Semin Hematoll989, 26, 9-13. 

36. Maekawa T. Metcalfe D. Gearine DP. Enhanced sunoression of 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45 

46. 

47 

human myeloid leukemic cell lines by combinations dflIL-6, LIF, 
GM-CSF and G-CSF. ZntJ Cancer 1990,45,353-358. 
Frei EI, Canellos G. Dose: a critical factor in cancer chemo- 
therapy. AnnJ Med 1980,69,585-594. 
Miller AB, Hoogstraten G, Staquet M, Winkler A. Reporting 
results of cancer trearment. Cancer 198 1,47, 207-2 14. 
Steward WI’, Scarffe JH, Dirix LY, et al. Granulocyte-macroph- 
age colony stimulating factor (GM-CSF) after high-dose mel- 
phalan in patients with advanced colon cancer. BrJ Cancer 1990, 
61,749-754. 
Amman KH, Griffin JD, Elias A, et al. Effect of recombinant 
human granulocyte-macrophage colony stimulating factor on 
chemotherapy induced myelosupression. N Engl 3 Med 1988, 
319,594-598. 
D’Hondt V, Weynants P, Humblet Y, et al. Dose-dependent 
interleukin-3 stimulation of thrombopoiesis and neutropoiesis in 
patients with small-cell lung carcinoma before and following 
chemotherapy: a placebo-controlled randomized phase Ib study. 
3Ch Oncoll993,11,2063-2071. 
Ganser A, Lindemann A, Speipelt G, et al. Effects of recombinant 
human interleukin-3 in patients with normal hematopoiesis and 
in patients with bone marrow failure. Blood 1990, 76, 666-676. 
Ottmann OG, Ganser A, Seipelt G, Eder M, Schulz G, Hoelzer 
D. Effects of recombinant human interleukin-3 on human hema- 
topoietic progenitor and precursor cells in viva. Blood 1990, 76, 
1494-1502. 
Posmnts PE, Gietema JA, Damsma G, et al. Effects of recombi- 
nant human interleukin-3 in patients with relapsed small cell lung 
cancer treated with chemotherapy: a dose-finding study. 3 Clin 
Oncoll992, 10, 1131-l 140. 
Devereux S, Linch DC, Campos CD, Spitle MF, Jelliffe AM. 
Transient leukopenia induced by granulocyte macrophage colony 
stimulating factor. Lancet 1987,2, 1523-1524. 
Herrmann F, Schulz G, Lindemann A, et al. Hematopoietic 
responses in patients with advanced malignancy treated with 
recombinant human granulocyte-macrophage colony stimulating 
factor.JClin Oncol 1989, 7, 159-167. 
Lieschke GJ, Maher D, Cebon J, et al. Effects of bacterially 
synthesized recombinant human granulocyte-macrophage col- 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

ony-stimulating factor in patients with advanced malignancy. Arm 
Intern Med 1989, 110,357-364. 
Steward WI’, ScarBe JH, Bonnem E, Crowther D. Clinical stud- 
ies with recombinant human granulocyte-macrophage colony 
stimulating factor. IrztJ Cell CZoning 1990, 8, 335-346. 
Klingemann HG, Eaves CJ. Colony stimulating factors. Bone 
Marrow Transplant 1988,3, 177-184. 
Krumwieh D, Weimnann E, Seiler FR. Human recombinant 
derived IL-3 and GM-CSF in hematopoiesis of normal cynom- 
olgus monkeys. Behring Inst Mitt 1988,83,250-257. 
Groopman JE, Molina JM, Scadden DT. Hematopoietic growth 
factors. Biology and clinical applications. N Engl3 Med 1989, 
321, 1449-1459. 
Vadhan-Raj S, Keating M, LeMaistre A, et al. Effects of recombi- 
nant human granulocyte-macrophage colony-stimulating factor 
in patients with myelodysplastic syndromes. N Engl J Med 1987, 
317,1545-1552. 
Lieschke GJ, Cebon J, Morstyn G. Characterisation of the clinical 
effects after the first dose of bacterially synthesised recombinant 
human granulocyte colony-stimulating factor. BZood 1989, 74, 
2634-2643. 
Lord BI, Molineux G, Pojda Z, Souza LM, Mermod JJ, Dexter 
TM. Myeloid cell kinetics in mice treated with recombinant 
interleukin-3, granulocyte colony stimulating factor (CSF) or 
granulocyte-macrophage CSF in vitro. Blood 1991, 77, 2 154- 
2159. 
Lord BI, Gurney H, Chang J, Thatcher N, Crowther N, Dexter 
TM. Haemopoietic cell kinetics in humans treated with rGM- 
CSF. IntJ Cancer 1992, 50,26-3 1. 
Lord BI, Testa NG, Bretti S, et al. Haemopoietic progenitor and 
myeloid cell kinetics in humans treated with interleukin-3 and 
granulocyte-macrophage colony-stimulating factor in combi- 
nation. IntJ Cancer 1994, .59,483+90. 
Bruno E, Cooper RJ, Briddel! RA, Hoffman R. Further examin- 
ation of the effects of recombinant cytokines on the proliferation 
of human megakaryocyte progenitor cells. Blood 1991, 77,2339- 
2346. 
Fay JW, Lazarus H, Herzig R, et al. Sequential administration of 
recombinant human interleukin-3 and granulocyte macrophage- 
colony stimulating factor after autologous bone marrow trans- 
plantation for malignant lymphoma: a phase I/II multicenter 
study. Blood 1994,76,2151-2157. 

Acknowledgements-We are pleased to acknowledge the assistance 
given by V. Goode, D. Ryder and R. Swindell of the Christie Hospi- 
tal Trust. 


