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Recombinant Human Granulocyte-Macrophage Colony-Stimulating Factor in 
Septic Neutropenic Pediatric Cancer Patients: Detection of Circulating 

Hematopoietic Precursor Cells Correlates With Rapid Granulocyte Recovery 

Franz-Martin Fink, MD, Kathrin Maurer-Dengg, MD, Cerhard Fritsch, PhD, 

Georg Mann, MD, Andreas Zoubek, MD, Markus Falk, MSC, and 
Helmut Cadner, MD 

Cycling intensive chemotherapy cur- 
rently used to treat pediatric solid tumors 
induces severe neutropenia. Prolonged 
neutropenia is a major risk factor for septic 
death which occurs in up to 5% of febrile or 
septic neutropenic episodes. We treated 18 
neutropenic pediatric cancer patients (eight 
females, 10 males) during 30 febrile and/or 
septic episodes with single daily doses of E. 
coli-derived non-glycosylated recombinant 
human granulocyte-macrophage colony- 
stimulating factor (rh-GM-CSF, 5 pg per kg 
of body weight). The cytokine was adminis- 
tered for a median period of 6.5 days (2-12 
days). Analysis of circulating hematopoietic 
progenitor cells was performed at day 1 
(baseline) and day 5 of rh-GM-CSF treatment 
and included flow cytometric CD34 analysis 
as well as the methylcellulose-based clono- 
genic assay. 

Prompt hematopoietic recovery and reso- 
lution of septic problems was observed in all 

children. The counts of leukocytes (WBC), 
absolute neutrophils (ANC), and platelets 
(PLT) rose above I,OOO/pL, 1,00O/pL, and 
50,00O/pLwithin 4 days (0-9), 5.5 days (2-13), 
and 6 days (0-14), respectively. Faster granu- 
locyte recovery and improved recruitment 
of circulating hemopoietic precursors was 
observed in children with detectable 
amounts (>0.1%) of CD34-positive mononu- 
clear cells prior to rh-GM-CSF treatment. 

We conclude that, to some extent, the ef- 
ficacy of rh-GM-CSF treatment in neutro- 
penic cancer patients is influenced by the 
hematopoietic recovery status on the pro- 
genitor cell level. Although they respond 
more slowly to the treatment, patients with- 
out circulating CD34-positive progenitor 
cells may gain most from growth factor ther- 
apy. Rh-GM-CSF can be safely administered 
to febrile and/or septic neutropenic children 
treated for cancer. D 1995 ~ i ~ e y - ~ i s s ,  Inc. 
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I NTRODUCTI ON 

Pediatric oncology has achieved major advances in the 
treatment of pediatric solid tumors. High cure rates are 
obtained-basically by the use of intensive multi-agent 
chemotherapy in addition to surgery and radiotherapy. 
Hematologic toxicities of cancer chemotherapy, namely 
the induction of severe neutropenias, are the cause of 
septic complications in a substantial fraction of patients. 
Despite modern antimicrobial treatment, septic deaths 
occur in up to 5% of septic episodes in severely neutro- 
penic cancer patients. Prolonged and persistent neutrope- 
nia is the major risk factor for death in these patients 
[ 1-61. Recombinant human colony-stimulating factors 
have been shown to accelerate hematologic recovery after 
cytotoxic chemotherapy and may thus reduce the risk of 
septic complications [7-111. 

0 1995 Wiley-Liss, Inc. 

While data on the clinical effects of prophylactic ther- 
apy with hematopoietic growth factors in children and 
adults are rapidly accumulating 18-16], only a few stud- 
ies on the interventional administration of these factors in 
the febrile or septic patient are available [ 17-21]. 

We report the successful use of E. coli-derived non- 
glycosylated recombinant human granulocyte-macro- 
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TABLE 1. Hematological Values Before 
rh-GM-CSF Treatment 

Parameter Median Minimum Maximum 

WBCIKL 300 100 1,400 
ANC/pL 20 0 312 
PLTIpL 28,500 6,000 165,000 

phage colony-stimulating factor (rh-GM-CSF) in neutro- 
penic pediatric cancer patients who suffered from septic 
complications. In addition we correlated the pretreatment 
hematopoietic recovery status at the progenitor cell level 
with the effects of rh-GM-CSF treatment in these pa- 
tients. 

MATERIALS A N D  METHODS 

We treated 30 episodes of septic fever (38.5"C or 
higher) in 18 severely neutropenic pediatric cancer pa- 
tients. The children (eight girls and 10 boys) with a me- 
dian age of 7.9 years (range 1.15 to 21 .O years) suffered 
from various solid tumors: soft tissue sarcoma (n = 5) ,  
Ewing's sarcoma (n = 4), neuroblastoma (n = 3), ma- 
lignant brain tumor (n = 2), osteosarcoma (n = 2), he- 
patoblastoma (n = l),  and pulmonary blastoma (n = 1). 
They had been on cytotoxic chemotherapy for a median 
of 4.21 months (range 0.36 to 28.8 months) before their 
first rh-GM-CSF treatment course. Chemotherapy-in- 
duced bone marrow aplasia was defined as an absolute 
neutrophil count (ANC) below 500/pL and, at the time of 
initiation of rh-GM-CSF treatment, all children were se- 
verely leukocytopenic and neutropenic, most patients 
were also thrombocytopenic (Table I). 

The chemotherapy courses preceding the episode of 
febrile neutropenia were classified according to their rel- 
ative intensity: group A (n = 5 ,  moderate intensity: high- 
dose methotrexate 5 g/m2 [n = 41; doxorubicin 90 mg/m2 
[n = 11); group B (n = 16, high intensity without cisplat- 
inum: EVAINEVACA [n =12]: etoposide 600 mg/m2, 
vincristine 1.5 mg/m2, doxorubicin 60 mg/m2 or actino- 
mycin-D 1.5 mg/m2, ifosfamide 6 g/m2 or cyclophospha- 
mide 100 mg/kg, N5 [n = 31: cyclophosphamide 140 
mg/m2, doxorubicin 45 mg/m2, vincristine 0.1 mg/kg; 
others: n = 3); group C (n = 6, high intensity including 
cisplatinum: PA: cisplatinum 120 mg/m2, doxorubicin 60 
or 80 mg/m2 [n = 31; IPE: ifosfamide 6 g/m2, cisplati- 
num 200 mg/m2, etoposide 450 mg/m2 [n = 11; others: 
n = 2). 

Bacteremia was detected in seven instances (staphylo- 
cocci, four times; E. coli, two times; unclassified micro- 
cocci, once). One boy suffered from life-threatening 
Clostridium dificile enterocolitis. Additional five septic 
episodes were associated with mucositis, two with a peri- 
genital cellulitis, two with vulvitis, one with radiogenic 
dermatitis, and one with varicella infection. 

In addition to appropriate antimicrobial treatment 
(aminoglycoside + P-lactam-antibiotics), rh-GM-CSF 
treatment was started within 24 hours and was continued 
until a WBC of 3,00O/~L or an ANC of 1,5OO/pL was 
reached. 

Rh-GM-CSF (Molgramostim, Leucornax'") in vials 
of 150 Fg/ml (1.66*106 units) was kindly supplied by 
Aesca Ges. m. b. H (Traiskirchen, Austria). Single daily 
doses of 5 pg rh-GM-CSF per kg body weight were given 
subcutaneously. The protocol had been approved by the 
institutional ethical review boards and appropriate in- 
formed consent was obtained from the patients and/or 
their parents. 

The diagnostic procedures included a daily physical 
examination of the patients, a complete bacteriological 
workup, complete daily blood counts, as well as exten- 
sive blood chemistry at baseline and on day 5 of the 
rh-GM-CSF treatment. Chest x-rays and other special 
diagnostic procedures were performed as clinically indi- 
cated. 

Analysis of the hematopoietic stem cells was per- 
formed at days 1 and 5 of rh-GM-CSF treatment and 
included the flow cytometric determination of CD34- 
positive cells (FACS-analysis) and the culture of he- 
matopoietic precursor cells in the clonogenic assay. 
Mononuclear cells (MNC) prepared by density centrifu- 
gation on Ficoll-Paque (specific gravity 1.077 g/cm3, 
Pharmacia, Uppsala, Sweden) were stained with FITC- 
labeled anti CD34 MoAb (HPCA-2, clone 8G12, Becton- 
Dickinson, Sunnyvale, CA) and analysed on a 
FACStar Plus (Becton-Dickinson) [22,23]. Depending 
on the proportion of CD34 positive MNC, between 
1 X lo3 and 1 X lo5 MNC per ml were cultured in the 
methylcellulose-based clonogenic assay, which con- 
tained 2.5 U rh-EPO (Cilag, Schaffhausen, Switzerland), 
100 U rh-GM-CSF, and 10 U rh-IL-3 (both from 
Genzyme, Cambridge, MA). The colony-forming units 
(CFU, >50 cells per colony) which were counted after 14 
days of incubation included mixed-lineage-CFU [CFU- 
GEMM], granulocyte-macrophage-CFU [CFU-GM] , 
and erythroid burst-forming units [BFU-E, >50 cells per 
colony]) as described previously [23]. 

For comparison, the rh-GM-CSF treatment episodes 
were grouped into those with early (median on day 10 
after the first day of the preceeding chemotherapy, range 
day 4 to 12, n = 14) of late commencement (median day 
14, range day 13 to 20, n = 16). In addition, episodes 
with a low or undetectable baseline percentage of CD34- 
positive peripheral blood MNC (n = 12) were compared 
with those in which a higher proportion of these he- 
matopoietic precursor cells was observed (n = l l ) .  

Statistical Methods 

Statistical analysis was performed based on the as- 
sumption that the rh-GM-CSF courses were independent 
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TABLE 11. Comparison of Baseline Characteristics in CD34-Low vs. CD34-High Subgroups 
Before Start of rh-GM-CSF Treatment 

Median (range) 

Values on dav 1 
CD34 + low 

(n = 12) 
CD34 + high 

(n = 11) 

~~ 

P-value 
(T-test) 

CD34 + MNC 0.1% ( 0 . 1 % )  0.3% (0.2-6.5%) - 
WBCIpL 250 (10G1,400) 464 (20&900) .53 
ANCIpL 17 (G312) 26 (G126) .73 
PLTIpL 29 ( 6 6 7 )  28 (7-124) .29 
Davs after start of chemotheraov 13 (4-17) 13 (8-201 .4 1 

P-value 
Numbers Numbers (Chi-sauare) 

Firstisecond episodes 715 114 
ChemotheraDv intensities-mouD A/B/C 21614 21712 

.80 

. I0  

TABLE 111. Hematoooietic Recoverv Data* 

from each other, irrespective of the fact that 10 patients 
were treated twice and one patient three times within the 
study. This seemed justified since separate analysis of 
first courses only gave similar statistical results with 
somewhat lower statistical significance for leucocytes 
(n = 18, ANOVA P-values for leucocytes and neutro- 
phils 0.07 and 0.001, respectively, data not shown). Fur- 
thermore, first and subsequent episodes were evenly dis- 
tributed between the subgroups with low and high 
proportion of CD34-positive precursor cells in peripheral 
blood MNC (Table 11), respectively, and eight of these 11 
multiple-studied patients contributed to the CD34-low 
subgroup in one and to the CD34-high subgroup in the 
other episode. All these circumstances made it unlikely 
that the comparisons would be biased by multiple mea- 
surements of individual patients. 

Differences in Kaplan-Meier life-table analyses were 
compared by the log-rank test, the T-test was applied for 
comparison of continuous variables, and the Chi-square 
test for categorial variables [24,25]. Differential effects 
of continuous variables over time betwen groups were 
studied by an analysis of variance (ANOVA) with re- 
peated measures [26]. To account for the approximate 
log-normal distribution seen in all variables, the data 
were log-transformed before confirmatory statistical 
analysis was done. Statistical analyses were performed 
with SPSS for Windows 6.0'" (T-test, Chi-square) and 
BMDP 5V'" (ANOVA). 

Box-and-Whiskers-Plots are used for graphic demon- 
stration of the data. The box gives the interquartile range 
(50% of all values lie within this range), the whiskers 
show the range from the smallest to the greatest value, 
which was not outlying or extreme, Outlying values (1.5 
to 3 times the interquartile range above the 75th percen- 
tile, symbol: 0) and extreme values (more than three 
times the interquartile range above the 75th percentile, 
symbol: *) are displayed separately. 

Parameter Median Minimum Maximum 

WBC > 1 ,000lpL 4 0 9 
ANC >500/pL 5 1 11 

PLT >50,000/pL 5.5 0 10 
> 1 ,000lpL 5.5 2 13 

> 100,0001+L 7 0 15 

*The number of days which were required after initiation of rh-GM- 
CSF to achieve the indicated cell counts are given. 

RESULTS 

In the 30 episodes of febrile or septic neutropenia 
studied, the rh-GM-CSF treatment was started after a 
median of 13 days counted from the beginning of the 
preceeding intensive cytotoxic chemotherapy (range 4 to 
20 days). The median rh-GM-CSF treatment duration 
was 6.5 days (range 2 to 12 days). 

Prompt hematopoietic recovery occurred in all chil- 
dren (Table 111). The WBC rose above l ,OOO/pL after 4 
days (median) of rh-GM-CSF treatment (range 0 to 9 
days; two patients never had a WBC below 1,OOOipL). 
An ANC above 500/pL was reached after 5 days (range 1 
to 1 1 days), and above 1 ,OOO/pL after 5.5 days (range 2 
to 13 days). Platelet counts rose above 50,000/pL after 6 
days (range 0 to 14 days; three patients never had PLT 
below 50,OOO/pL), and above lOO,OOO/pL after 7 days 
(range 0 to 15 days; one patient never had PLT below 

Together with hematopoietic recovery, septic prob- 
lems resolved. Seven children with proven bacteremia 
were antimicrobially treated for a median of 7 days (5 to 
10 days). Only one of them had a second positive blood 
culture one day after the start of rh-GM-CSF. A 4 to 8 day 
antimycotic treatment with amphotericin-B (i.v.) was 
necessary in eight children (median 5 days). The boy with 
life-threatening enterocolitis caused by Clostridium difsi- 
cile recovered within one week under continued rh-GM- 
CSF therapy. 

100,00O/pL). 
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No significant differences were observed, with regard 
to the recovery patterns of the different cell types 
counted, between early and late (as defined earlier) com- 
mencement of cytokine treatment. For both groups, the 
Kaplan-Meier analysis revealed identical median time 
periods required for WBC, ANC, and PLT counts to 
increase above 1 ,OOO/pL, 500/pL or 1 ,OOO/pL, and 
50,0OO/pL, respectively. Baseline characteristics includ- 
ing initial WBC, ANC, and PLT, as well as the percent- 
age of CD34-positive cells and the duration and type of 
preceeding chemotherapy did not differ between the two 
groups (data not shown). 

Results from stem cell determinations (FACS-analysis 
and clonogenic assay) were available at baseline in 23 
patients, at day 5 in 25 patients. Baseline peripheral 
blood MNC contained 0.1% (median, range 0 . 0 4 5 % )  
CD34-positive cells (Table 11). By day 5 ,  the percentage 
of CD34-positive MNC had increased to 0.7% (median, 
range 0 to 12%). This increase of mobilized hematopoi- 
etic progenitor cells was also observed in the clonogenic 
assay in which the number of CFU per lo5 MNC (includ- 
ing CFU-GM, CFU-GEMM, and BFU-E) rose from 15.5 
(median, range 1 to 70) to 240 (median, range 19-2,160). 

The speed of hematopoietic recovery was predicted by 
the amount of CD34-positive cells present in the periph- 
eral blood MNC at the first day of rh-GM-CSF treatment: 
patients with higher baseline values (>O. 1 % CD34-posi- 
tive cells, median 0.3%, range 0.2 to 6.5%, n = 12) 
responded significantly faster to rh-GM-CSF compared 
to those with very low (SO. 1%) or undetectable CD34- 
positive cells (median 0.1%, range 0 to 0.1%; n = 11). 
This could be demonstrated for leucocyte (P = 0.007, 
Fig. la) as well as for granulocyte recovery (P = 0.002, 
Fig. lb), whereas the platelet response was not affected 
(data not shown). Other baseline characteristics including 
initial WBC, ANC, and PLT, as well as the type and 
timing of preceeding chemotherapy did not differ be- 
tween the two groups (Table 11). 

In addition to the faster rise in peripheral blood cell 
counts, patients with demonstrable peripheral blood 
CD34-positive cells (>O. 1%) showed a better recruit- 
ment of peripheral blood precursor cells by day 5 of 
rh-GM-CSF-treatment. In these children, CD34-positive 
cells increased to a median of 3.5% (range 0.2 to 12%) 
compared to only 0.25% (range 0 to 4.2%) in those 
without significant amounts of baseline CD34-positive 
cells. Clonogenic assays revealed 775 CFU per lo5 MNC 
(range 110-1,610) in children with the higher proportion 
of CD34-positive cells compared to only 122 CFU per 
lo5 MNC (range 19-300, and one additional extreme 
value of 2,110) in the complementary group (P  = 0.04, 
Fig. 2). 

Rh-GM-CSF was well tolerated. Five patients com- 
plained of temporary minor local irritation at the site of 
injection. No case of bone pain was documented. Fever 

caused by the septic complication subsided in all in- 
stances and no case of rh-GM-CSF-induced fever was 
observed. Elevated levels of C-reactive protein improved 
in all patients within the period of rh-GM-CSF treatment, 
serum levels of bilirubine, asparat-aminotransferase 
(AST), proteine, creatinine, as well as urine analyses did 
not indicate inadvertent side effects at the respective or- 
gans (Table IV). 

DISC U SSI 0 N 

Clinical effects and side effects of rh-GM-CSF, partic- 
ularly in the prophylactic setting without a septic compli- 
cation, are well documented in adult cancer patients 
[7-111, but the experience in the respective pediatric age 
group is still limited [12-17,241. Riikonen et al. have 
recently shown that intravenous rh-GM-CSF is safe and 
effective in the treatment of febrile neutropenia in pediat- 
ric cancer patients [ 171. Compared to a placebo group, 
duration of neutropenia and the duration of antibiotic 
therapy was shortened. We also have demonstrated the 
safety of daily subcutaneous doses of E.  coli-derived 
non-glycosylated rh-GM-CSF administered to severely 
neutropenic and febrile children suffering from various 
solid tumors. Furthermore, this is the first study that 
correlates the growth factor-induced kinetics of he- 
matopoietic recovery with circulating hematopoietic pre- 
cursor cells present before the start of cytokine treatment. 

Neutropenic patients who, at the commencement of 
rh-GM-CSF treatment, have detectable amounts of circu- 
lating hematopoietic precursor cells respond faster to the 
cytokine treatment. This seems reasonable because circu- 
lating hematopoietic precursor cells may reflect a larger 
pool of determined stem cells ready to respond to the 
growth factor. The leukocyte and granulocyte counts rose 
more rapidly compared to patients without detectable 
CD34-positive cells. In addition, the mobilization of pro- 
genitor cells to the peripheral blood was more pro- 
nounced in these children. This recruitment of peripheral 
blood progenitor cells after intensive cytotoxic chemo- 
therapy is a well known phenomenon enhanced by the 
administration GM-CSF or G-CSF, respectively [27-331 
In contrast to the results of the baseline precursor cell 
analysis, the variable time interval between cytotoxic 
chemotherapy and the initiation of rh-GM-CSF did not 
significantly influence the growth factor-induced kinetics 
of hematopoietic recovery. 

Under the cytokine treatment, all patients improved 
clinically, and septic problems resolved within a short 
period. In proven bacteremias, cultures became negative 
within 48 hours and the episode of life-threatening en- 
terocolitis caused by Clostridiuin dificile resolved within 
1 week under continued rh-GM-CSF therapy. The exam- 
ined serum parameters improved or remained unchanged 
compared to baseline values. Serious side effects due to 
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Days of Rh-GM-CSF Treatment 

Fig. 1. Recovery of leucocytes (a: WBC) and absolute neutrophils (b: ANC) in patients with an initially 
low percentage of CD34-positive cells ( 0 , median 0.1%, range 0 to 0.1%) and a higher proportion of 
CD34-positive cells ( , median 0.3%, range 0.2 to 6.5%) of the MNC (Box-and-Whiskers-Plot, for 
description see “Statistical Methods”). 

the rh-GM-CSF treatment were not encountered among 
these 30 septic episodes. In particular, respiratory distur- 
bances, excessive weight gain or hypoproteinemia were 
not observed and cardiovascular, liver, and kidney func- 
tion were not impaired. Our observation fits into the 
general consensus that relevant toxicities are almost ex- 
clusively seen with the use of daily doses well above 10 
pg/kg body weight or 250 pg/m2 body surface rh-GM- 
CSF daily. Both glycosylated and non-glycosylated rh- 
GM-CSF have been effective and well tolerated in previ- 
ous prophylactic pediatric studies following intensive 

chemotherapy or bone marrow transplantation, respec- 
tively [ 12-16]. Partially glycosylated yeast-derived rh- 
GM-CSF has in children even been tolerated at dosages 
of up to 1,500 pg/m2, which may indicate a greater 
tolerance of this patient group compared to adults 
[9,13,14]. Our study demonstrates that E.  coli-derived 
rh-GM-CSF can be safely applied in febrile or septic 
neutropenic children. The absence of adverse events 
may, in part, be explained by the low-dose regimen to- 
gether with the subcutaneous route of administration 
~ 7 1 .  
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Fig. 2. Recruitment of peripheral blood precursor cells (CFU = 
CFU-GM, CFU-GEMM, and BFU-E) on day 5 of rh-GM-CSF therapy 
from patients with an initially low or higher percentage of CD34- 
positive MNC (for the definition of ‘‘low’’ and “h igh  see Fig. 1) 
(Box-and-Whiskers-Plot, for description see “Statistical Methods”). 

TABLE IV. Serum Parameters* 

Parameter Day 1 Day 5 P-value 

CRP (mg/dL) 5.71 (? 0.89) 3.90 (+ 0.81) n.s. 
Bilirubine (mgidL) 0.68 (2 0.06) 0.47 ( 2  0.04) < 0.01 
AST (U/L) 27.9 (-+ 13.1) 17.8 (2 6.4) < 0.01 
LDH (U/L) 175.4 (? 9.1) 191.2 (+ 15.6) n.s. 
Proteine (g/L) 64.9 (& 1.8) 67.3 (+ 1.4) <0.10 
Creatinine (mg/dL) 0.55 (& 0.05) 0.54 ( 2  0.05) n.s. 

*Baseline values on day 1 and values on day 5 of rh-GM-CSF treat- 
ment are given, means ? standard error. 

Previous studies in children [17,18] and adults 
[ 19,20,34] indicated that hematopoietic growth factor 
therapy is beneficial for a subgroup of severely neutro- 
penic febrile or septic cancer patients: prolonged neutro- 
penia has effectively been eliminated in these studies 
[17-191. However, at the onset of febrile neutropenia the 
duration of granulopoietic insufficiency may be difficult 
to foresee. Though responding more slowly to the treat- 
ment, patients without detectable circulating CD3Cposi- 
tive precursor cells may gain most from growth factor 
therapy. 
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