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Abstract: Pneumonia remains the number one cause of
death from infectious diseases in Western Europe and
the United States despite the introduction of potent
broad-spectrum antibiotics. Granulocyte colony-stim-
ulating factor is considered to improve host defense
during infection and may be an effective adjunctive in
the treatment of severe infections. We examined the
efficacy of granulocyte colony-stimulating factor (r-
metHUG-CSF, filgrastim) with regard to clinical re-
sponse in non-neutropenic ICU patients with nosoco-
mial pneumonia in a prospective, randomized, place-
bo-controlled trial. 

28 patients with newly diagnosed nosocomial pneu-
monia were randomly assigned to receive 300-480 µg
filgrastim or placebo subcutaneously for up to seven
days. Study endpoints were death within 15 days, dura-
tion of antibiotic therapy and occurrence of serious
adverse events (SAE). 

No significant differences were observed in respect
of 15-day (filgrastim1/12 vs. placebo 2/16) or 30-day
mortality (1/12 vs.4/16, p = 0.355), and length of an-
tibiotic treatment (13.5 vs.11.5 days, p = 0.985). Sepsis
developed in 1/12 patients in the filgrastim and 6/16
patients in the placebo group (p = 0.184). None of the
patients developed ARDS or any other SAE related to
the study medication. 

Filgrastim is safe in non-neutropenic ICU patients
with nosocomial pneumonia. A benefit of filgrastim
with regard to clinical endpoints could not be observed,
while there was a trend toward reduced sepsis rate.
Key words: granulocyte-colony stimulating factor, noso-
comial pneumonia, intensive care, sepsis

INTRODUCTION

Pneumonia remains the number one cause of death
from infectious diseases in Western Europe and the
United States despite the introduction of potent
broad-spectrum antibiotics, improved supportive care
and the application of preventive measures. The mor-
tality rate for nosocomial pneumonia varies from 20%
to 50% [1-4] pointing to the limited benefit of antibi-
otic therapy as the sole treatment modality for this ill-
ness. Thus, additional therapeutic interventions have
been investigated focusing on the stimulation of host

defense. One target of interest is the neutrophil granu-
locyte as the first line defense in bacterial infections.
Potent host defense against bacterial infections re-
quires an adequate number of neutrophils with intact
functional capacities such as phagocytosis, generation
of oxygen metabolites and bacterial killing. An impair-
ment of these functional capacities has been shown in
intensive care patients suffering from severe bacterial
infections [5-7].

Granulocyte colony- stimulating factor (G-CSF)
stimulates proliferation and maturation of neutrophils
in the bone marrow and subsequently increases the
number of functional neutrophils in the circulation.
Filgrastim, a non-glycosylated recombinant human G-
CSF (r-metHuG-CSF) has been approved as a phar-
maceutical agent for neutropenic patients after myelo-
suppressive chemotherapy, and for mobilization of
stem cells in bone marrow donors. In neutropenic pa-
tients, G-CSF shortens neutropenia and it reduces the
rate of infectious episodes, the use of intravenous an-
tibiotics as well as the length of hospitalization [8-10].
Priming with G-CSF enhances chemotaxis, intracellu-
lar oxygen metabolism, phagocytosis, and bactericidal
activity upon stimulation with appropriate agents such
as gram-negative cell wall components [11-14]. 

G-CSF was found to be beneficial in the treatment
of various infections in animal studies, most important
it significantly reduced mortality of bacterial pneumo-
nia [15-21]. The application of G-CSF in non-neu-
tropenic patients was found to be safe in several clini-
cal trials investigating different infectious conditions
such as sepsis, community-acquired pneumonia
(CAP), meningitis, and surgical patients [22-29]. 

Filgrastim in patients with CAP established a reduc-
tion of severe complications indicating that more se-
verely ill patients might profit from treatment with fil-
grastim [27]. This hypothesis was substantiated in a
small study of 18 patients with pneumonia and severe
sepsis in which mortality was significantly reduced
from 67%in the placebo to 17%in the filgrastim group
[30]. In both studies, filgrastim was associated with a
reduction of end organ failure, including the acute res-
piratory distress syndrome (ARDS), a complication of
pneumonia mediated by activated neutrophils [31].
The concern that G-CSF might trigger ARDS in non-
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neutropenic patients was confuted by a study assessing
filgrastim in severe CAP, where no evidence of filgras-
tim-related lung injury could be detected [26].

We conducted a randomized, placebo-controlled,
double-blind study in order to evaluate the safety and
the efficacy of filgrastim in combination with standard
antibiotics to reduce the rate of mortality in critically
ill, non neutropenic patients with nosocomial pneu-
monia. 

PATIENTS AND METHODS

STUDY DESIGN

The protocol was approved by the Institutional Ethics
Committee of the University of Cologne. All patients
or their relatives gave written informed consent before
study entry. The primary endpoint was mortality within
15 days after diagnosis of nosocomial pneumonia and
initiation of the study. Secondary endpoints were de-
fined as duration of antibiotic therapy and occurrence
of serious adverse events (SAE). Initial inclusion crite-
ria were nosocomial pneumonia in ICU patients who
were not treated by antibiotics ≥ 48 hrs before first ap-
plication of the study medication, and age ≥ 18 years.
Because of slow recruitment, an amendment of the
protocol permitted antibiotic pretreatment for up to
120 hrs. Exclusion criteria were defined as: baseline
white blood cell count (WBC) <2 x 109/l, HIV-infec-
tion, known hematological malignancy, myelosuppres-
sive therapy, pregnancy, or preexisting intolerance
against filgrastim. Patients were recruited from the
surgical and medical ICU of the University of
Cologne. Elegible patients assigned by central random-
ization either to receive r-metHuG-CSF (filgrastim,
Amgen Inc., Thousand Oaks, CA, USA) or placebo
(0.9% NaCl, Braun, Germany) for up to seven days.
Filgrastim was administered by a single daily subcuta-
neous injection dose of 300 µg (< 75 kg body weight)
or 480 µg (> 75 kg). If WBC exceeded 75 x 109/l, the
ad-ministration of study medication was interrupted
until the WBC declined to 25 x 109/l. Before initiation
of antibiotic therapy, a complete microbial screening
of all relevant sites, especially blood cultures, sputum,
tracheal aspirate, and (if possible) bronchoalveolear
lavage (BAL) was performed. Antimicrobial treatment
followed standard recommendation for empirical ther-
apy, but was immediately specified after the determi-
nation of the pathogen and its resistance profile [32].
Blood counts, electrolytes, renal and hepatic function,
coagulation parameters, and CRP were evaluated daily
during ICU stay, otherwise at least at d1, d3, d7, d10,
and d15. At d1, d7 and d15 patients were evaluated us-
ing a modified APACHE II scoring system [33]: If
leukocytes exceeded 14.9 x 109/l at d7 and d15,the
pretreatment WBC was taken as the scoring value to
rule out all attributable effect of the study medication.
Because of the impossibility to apply the Glasgow
Coma Score (GCS) in intubated, sedated patients the
APACHE II score was calculated without GCS. Vital
signs were continuously monitored and patients were
thoroughly examined at least once daily in awareness
of possible SAEs. Patients were followed until dis-
charge from hospital or death.

DEFINITIONS

The diagnosis of nosocomial pneumonia required a
new or progressive pulmonary infiltrate on chest x-ray
72 hours after admission or after 48 hours of mechani-
cal ventilation respectively in addition to two of the
following criteria: temperature > 38 °C, production of
purulent sputum, cough, rales, dyspnea or drop in
paO2, pleuritic chest pain, leukocytosis (> 10 x 109/l)
or leukopenia (< 3.5 x 109/l, but > 2 x 109/l), and de-
tection of a relevant pathogen in sputum, tracheal as-
pirate, blood culture or BAL [34]. The diagnosis of
ventilator-associated pneumonia (VAP) was estab-
lished only if pneumonia was neither present nor de-
veloping at the time of intubation, but clinically evi-
dent >48 hrs thereafter. According to the point of
time of onset after the patient was admitted to the
ICU, VAP was defined as early-onset pneumonia (48-
96 hrs after admission) and late-onset pneumonia
(> 96 hrs) respectively. Sepsis was defined according to
the criteria of Bone et al.[35]. The duration of antibi-
otic treatment was calculated as the number of days on
intravenous antibiotics for treatment of pneumonia or,
even if diagnosis was not definitive at treatment initia-
tion and symptom related empirical antibiotic treat-
ment was applied. A serious adverse event (SAE) was
defined as any symptom, disease, or change of labora-
tory values (except changes in WBC), occurring during
the first 30 days on study, that was life threatening, re-
quired treatment and prolongation hospitalization, or
was associated with death of the patient.

STATISTICAL ANALYSES

Based on the results of a previously published study
[30], it was presumed, that the 15-day mortality could
be reduced from 60%in the placebo to 20% in the fil-
grastim group. This 40% reduction should be detected
with a power of 80% on a 5%-significance level. Ac-
cording to these assumptions a number of 2 x 18 pa-
tients was calculated by power analysis (Solo, BMDP
Statistical Software, Cork,Ireland).The study was
planned as a pilot study with adaptive design in order
to confirm the primary hypothesis after precision of
the filgrastim effect [36]. Data analysis was performed
using SPSS 11.0 (SPSS Inc., Chicago, Ill.). Summary
statistics for data are displayed as mean and standard
deviation (SD) or median with range. Confirmatory
statistics for the primary outcome measure were based
on contingency table analysis using Fisher’s exact test
statistic with alpha = 0.05. Categorical variables were
analyzed using Fisher’s exact test statistic respectively
chi-sqare statistics. Length of ICU and hospital stay,
duration of ventilation and antibiotic therapy were
compared by U-Mann-Whitney-Wilcoxon test. 

RESULTS

PATIENTS

As mortality and recruitment frequency of patients
were much lower than anticipated, the study board –
considering the fact of the impossibility to confirm the
study hypothesis – decided to close the study after 26
months. A total of 29 patients had been enrolled at
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this point of time. Thirteen patients had been random-
ized to receive filgrastim and 16 patients were assigned
to the placebo group. One patient who had received a
total of four doses of filgrastim was excluded from
outcome evaluation because of protocol violation, but
data were included in the intent-to -treat analysis of
SAE. The baseline characteristics of the two treatment
groups with regard to age, gender, and underlying
medical condition, including the modified APACHE II
were very similar (Table 1). 

Patients in the control group were treated with
placebo for exact 7 days, whereas in the filgrastim
group the median treatment period was 7 days (range
4-8) dependent on the rise of WBC. The time-course

of WBC is illustrated in Figure 1. With a mean value of
48.7 x 109/l a maximum was reached on d6 in the fil-
grastim group. The highest leukocyte count achieved
in a patient was 78.6 x 109/l. After stop of filgrastim
WBCs decreased rapidly, but differences were still sig-
nificant between both groups on d15 (filgrastim: 17.7
x 109/l, placebo: 11.3 x 109/l; p = 0.0066).

Before administration of G-CSF / Placebo baseline
leukocyte count was obtained on d-1 and d0. A
prompt and significant increase of leukocytes was ob-
served in the filgrastim group indicating that the
dosage applied had appreciable biological activity. Val-
ues are presented as mean and standard deviation. The
maximum mean value reached in the filgrastim group
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Table 1. Patients demographic data and features of pneumonia

NO. (%), median (range) as appropriate Filgrastim Placebo

Total number of patients 12 16
Sex

female 10 (83) 11 (69)
male 2 (17) 5 (31)

Age (yrs)
median 66 63

range (27-78) (30-74)
ICU 17 (85) 11 (85)

medical 5 (42) 4 (33)
surgical 7 (58) 12 (67)

Underlying condition
Cardio-vascular 8 (67) 7 (44)
Trauma 3 (25) 5 (31)
Malignancy 1 (8) 3 (19)
Other 0 (0) 1 (6)
APACHE II*

median 13.0 12.5
range (5-28) (2-25)

VAP 7 (58) 8 (50)
early onset 1 (8) 1 (6)
late onset 6 (50) 7 (44)
prolonged ventilation > 5 days 10 (83) 11 (69)

*without Glasgow Coma Scale and white blood count

Fig. 1. Time-course of WBC.



was 48.7 x 109/l on d6. After stop of filgrastim WBCs
decreased rapidly, but differences were still significant
between both groups on d15 (filgrastim: 17.7 x 109/ll,
placebo: 11.3 x 109/l; p = 0.0066).

CULTURE RESULTS

The results from the microbiological examination of
blood, BAL, tracheal aspirate, and sputum are shown
in Table 2. Overall 20 patients had one or more organ-
isms cultured. The distribution of culture positive iso-
lation sites as well as the number of isolated organisms
was similar in both treatment groups. Gram-negative
organisms were predominantly isolated (filgrastim: n =
7; placebo: n = 10) in comparison with gram-positive
bacteria (filgrastim: n = 3; placebo: n = 2). Eight pa-
tients were culture negative (filgrastim: n = 3; placebo:

n = 5). There was no clinical evidence of pneumonia
due to Legionella and Aspergillus ssp. or respiratory
syncytial virus (RSV).

STUDY ENDPOINTS AND CLINICAL RESPONSE

The analysis for the study endpoints and the clinical
course of patients is given in Table 3. Three patients
died within 15 days yielding an overall 15-day mortality
of 11 %, thus no differences regarding survival could
not be detected between both groups. The 30-day
mortality for all patients was 18%. No additional death
occurred in the filgrastim group within 30 days,
whereas a total of 4 patients died in the placebo group
(8% vs. 25%; p = 0.355). All four deaths in the place-
bo group occurred in the sequel of sepsis, however,
three of these patients had underlying conditions bear-
ing important risk factors for systemic infection in ad-
dition to nosocomial pneumonia (peritonitis following
gastrointestinal perforation (2), empyema with ascend-
ing phlegmon of the lower limb). Overall seven pa-
tients developed sepsis during the first15 days of the
study period (filgrastim: n = 1; placebo: n=6; p =
0.184). The in-hospital mortality rate was 25% in both
groups with two additional deaths in the filgrastim
group that were unrelated to the previous episode of
pneumonia.

The use of filgrastim had no influence on the dura-
tion of intravenous antibiotic treatment for nosocomi-
al pneumonia. First-line antibiotics were piperacillin-
tazobactam (48%), 3rd or 4th generation cephalo-
sporines (38%) either as single drug or in combination
with gentamycin, fluoroquinolones (7%), and car-
bapenems (7%). Treatment was adapted according to
culture results and clinical response. 

Before study entry the duration of hospitalization
obtained as days since admission (filgrastim: 6.0 place-
bo: 8.5) and days in the ICU (filgrastim: 5.5; placebo:
5.5) did not differ in the two treatment groups. The
median time of hospitalization for all patients after
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Table 2. Culture results as obtained from different culture
sites (blood, BAL, tracheal secretrion and sputum).

Filgrastim Placebo

Pathogen *
Bacteroides ssp. 1 -
Enterobacter cloacae 2 2
Escherichia coli 1 1
Haemophilus influencae 1 1
Klebsiella ssp. 1 2
Morganella morganii 2 -
Proteus ssp. 1 1
Pseudomonas ssp. 2 3
Serratia marcescens 1 1
Coagulase-neg staphylococci 1 -
Staphylococcus aureus 2 2

*Patients may have had more than one organism cultured

Table 3. Clinical course and outcome of study patients.

NO. (%), median (range), as appropriate Filgrastim Placebo p-value
n = 12 n = 16

15-day mortality 1 (8.0) 2 (12.5) 0.999*

30-day-mortality 1 4 (25.0) 0.355*

Causes of death within 30 days

Sepsis - 4 

Cardiogenic shock 1 -

Patients with sepsis 1 (8.0) 6 (37.5) 0.184*

Duration of antibiotic treatment (days) 13.5 (8-37) 11.5 (9-34) 0.985**

ICU stay (days) 21.5 (1-48) 15.0 (1-34) 0.163**

In-hospital stay (days) 35.5 (6-118) 19.0 (7-70) 0.377**

Length of ventilation (days) 5.0 (0-35) 2.5 (0-25) 0.174**

*Fisher´s exact p-value, **U-Mann-Whitney-Wilcoxon



study entry was 23 days and 16 days for the ICU stay.
Filgrastim treated patients stayed a mean of six days
longer in the ICU and were in total 17 days longer
hospitalized than placebo treated patients, but this dif-
ference was mainly due to the long-term hospitaliza-
tion of two patients.

In the 21 patients requiring mechanical ventilation
there was no significant difference in the duration 
of ventilation between the two groups after study en-
try. The median duration of elevated temperature
≥ 38.0 °C was 3 days shorter in the Filgrastim group,
however this was not statistically significant (p =
0.639).

ADVERSE EVENTS

Treatment with filgrastim was well tolerated. Typical
side effects, as bone pain and myalgia were not ob-
served, however, they could hardly be obtained, as
85% of the filgrastim treated patients (76% of all pa-
tients) had been mechanical ventilated during the first
days on study. None of the patients in the filgrastin
group developed ARDS as defined by the American-
European Consensus Conference Committee (29). In
an intent-to-treat analysis of all randomized patients,
no difference in regard to SAE was observed between
both groups (Table 4). SAEs occurred in four filgras-
tim and five placebo treated patients with a total of 5
SAEs observed in the Filgrastim group and 8 SAEs in
the placebo group. None of the SAEs was attributable
to the application of filgrastim.

DISCUSSION

Nosocomial pneumonia is a frequent and often fatal
complication in hospitalized patients, particularly in
those who require mechanical ventilation for respira-
tory failure [37, 38]. New treatment strategies are
needed to improve the outcome of patients who are
severely ill with nosocomial or community-acquired
pneumonia. This study was conducted to determine,
whether filgrastim when added to antibiotic therapy

and other standard management treatment strategies,
would reduce the mortality in intensive care patients
with nosocomial pneumonia.

15-day mortality, the primary efficacy endpoint, was
not significantly different between the placebo and the
filgrastim group. Furthermore no significant between-
group differences were found for the secondary end-
points duration of antibiotic treatment and occurrence
of SAEs. Also other efficacy indicators such as dura-
tion of mechanical ventilator support and time to
death were not significantly different in both groups.

Our study was afflicted by some major critical
points, which may have led to these negative results.
The 30-day mortality (25%) was much lower than ini-
tially anticipated (60%) based on a previous report
[30]. Recruited intensive care patients were not as se-
verely ill as presumed, however, we cannot exclude an
inclusion bias that possibly led to a reduced APACHE
II score. As a direct consequence, the study hypothesis
was impossible to confirm. Thus the study was closed
after 26 months in acceptance of the subsequently
lower power. However, a study by Meyanci and col-
leagues with a comparably small number cases found
significantly better outcomes in patients with ventila-
tor associated nososcomial pneumonia who were
treated with G-CSF concomitantly to standard antibi-
otic treatment [39]. Stephens et al. obtained similar re-
sults favorable for G-CSF in patients with septic shock
[40]. In contrast, the largest study published so far on
the issue of G-CSF in critically ill patients, a multicen-
ter, double-blind, placebo-controlled trial of the Pneu-
monia Study group, analyzing 699 patients with pneu-
monia and severe sepsis could not discriminate any
significant between-group differences in respect of
mortality or the clinical course of the patients [41].
Also a recently published systematic Cochrane review
denies any evidence supporting the routine use of G-
CSF in the treatment of pneumonia [42]. 

G-CSF is a natural component of host defense.
Low serum G-CSF levels have been demonstrated to
be associated with an adverse outcome regarding acute
bacterial infections and sepsis [24, 43-45]. Application
of G-CSF increases neutrophil numbers, enhances the
neutrophils functional capacities and diminishes in-
flammatory markers as shown in animal studies and in
humans [25, 46, 47]. Thus G-CSF should be the per-
fect candidate for biological immunotherapy in non-
neutropenic patients with severe infections. A number
of reasons are possible for the failure to detect any
clinical benefit of adjunctive G-CSF treatment of se-
vere infections. It recently has been demonstrated that
preexisting endogenous G-CSF levels in critically ill
patients are crucial for the beneficial effects of exoge-
nously applied G-CSF on neutrophil counts and neu-
trophil functional capacities. G-CSF was less effective
in patients with elevated endogenous G-CSF levels >
500 pg/ml [48]. Thus the therapeutic efficacy of G-
CSF seems to be a matter of timing of its application
in recognition of its local and systemic effects. While
G-CSF acts inflammatory at the local side of infection
by recruiting and optimizing the phagocytic capacities
its systemic effect is both anti-inflammatory and im-
munosuppressive by inhibiting the production of in-
flammatory cytokines and expanding a T-helper cell
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Table 4. Occurrence of serious adverse events (SAE) in all
randomized study patients.

NO. (%) Filgrastim Placebo p-value
n=13 n=16

No. of SAE 5 8 0.512*
Acute renal failure 1 -
Hematothorax 1 -
Gastrointestinal bleeding 1 -
Intestinal infarction - 1
Perforation of gastric ulcer - 1
Stroke - 1
Death 2 4
Attributable SAE - -

* chi square p-value



response. Preclinical and clinical studies substantiate
the observation that timing may be the key to clinical
efficacy. Beneficial results for the adjunctive use of G-
SCF were most consistently observed, when G-CSF
was administered as prophylaxis to patients at risk of
infection or very early in the course of infectious dis-
eases [27, 29, 49-51]. In our study as well as in other
trials the administration of G-CSF may have been too
late to alter the course of disease and outcome of
these patients. 

Another factor of influence on the efficacy of ad-
junctive treatment with G-CSF is the choice of antibi-
otic therapy. Filgrastim is known to increase the intra-
cellular uptake of some antibiotics including cipro-
floxacin [41]. In our study fluorochinolones were only
applied in 7% of cases, thus a possible positive effect
of adjunctive treatment with G-CSF for this particular
subgroup could not be discriminated due to the small
number of patients.

As in most other previous trials the application of
filgrastim was safe in our study. None of the observed
SAEs could be attributed to the use of filgrastim. We
observed a prompt and significant increase of neu-
trophils in the filgrastim group indicating that the
dosage applied had appreciable biological activity. In
respect of the clinical course of patients there was only
one noteworthy, even if not statistically significant, dif-
ference between the two treatment groups. All four
deaths within 30 days in the placebo group occurred in
the sequel of sepsis, while the only death in the filgras-
tim group was unrelated to infection. Overall sepsis
developed in six placebo patients and only in one pa-
tient treated with filgrastim. Considering the small
number of patients studied, this difference can neither
clearly be attributed to the application of filgrastim,
nor can it be excluded that filgrastim prevented the de-
velopment of sepsis.

In conclusion, the application of filgrastim is safe
and feasible in non-neutropenic, critically ill patients
with nosocomial pneumonia. In this study adjunctive
treatment with filgrastim did not reduce mortality in
patients with nosocomial pneumonia, while there was
a trend to a reduced sepsis rate in the filgrastim group.
Our results are consistent with those of other studies
with considerably higher statistical power. However,
the consideration of the recently emerged knowledge
about the delicate balance of endogenous G-CSF lev-
els inducing local and systemic immunological effects
is encouraging to design appropriate studies to investi-
gate the optimal timing of exogenous G-CSF and its
influence of the course of severe bacterial infections.

Acknowledgements: We are grateful to Jürgen Schölmerich for
critical discussion of the manuscript.
This work was supported by AMGEN, Munich, Germany

REFERENCES

1. Fagon JY, Chastre J, Hance AJ, Montravers P, Novara A,
Gibert C (1993) Nosocomial pneumonia in ventilated pa-
tients: a cohort study evaluating attributable mortality and
hospital stay. Am J Med; 94: 281-288. 

2. Fagon JY, Chastre J, Vuagnat A, Trouillet JL, Novara A,
Gibert C (1996) Nosocomial pneumonia and mortality
among patients in intensive care units. Jama; 275: 866-869. 

3. Ibrahim EH, Ward S, Sherman G, Kollef MH (2000) A
comparative analysis of patients with early-onset vs late-
onset nosocomial pneumonia in the ICU setting. Chest;
117: 1434-1442. 

4. Leu HS, Kaiser DL, Mori M, Woolson RF, Wenzel RP
(1989) Hospital-acquired pneumonia. Attributable mor-
tality and morbidity. Am J Epidemiol; 129: 1258-1267. 

5. Solberg CO, Kalager T, Hill HR, Glette J (1982) Poly-
morphonuclear leukocyte function in bacterial and viral
infections. Scand J Infect Dis; 14: 11-18 

6. Solberg CO, Hellum KB (1972) Neutrophil granulocyte
function in bacterial infections. Lancet; 2: 727-730 

7. Stephan F, Yang K, Tankovic J, Soussy CJ, Dhonneur G,
Duvaldestin P, Brochard L, Brun-Buisson C, Harf A,
Delclaux C (2002) Impairment of polymorphonuclear
neutrophil functions precedes nosocomial infections in
critically ill patients. Crit Care Med; 30: 315-322 

8. Hubel K, Dale DC, Liles WC (2002) Therapeutic use of
cytokines to modulate phagocyte function for the treat-
ment of infectious diseases: current status of granulocyte
colony-stimulating factor, granulocyte-macrophage colony-
stimulating factor, macrophage colony-stimulating factor,
and interferon-gamma. J Infect Dis; 185: 1490-1501 

9. Hubel K, Engert A (2003) Clinical applications of granu-
locyte colony-stimulating factor: an update and summary.
Ann Hematol; 82: 207-213 

10. Bohlius J, Reiser M, Schwarzer G, Engert A (2003) Im-
pact of granulocyte colony-stimulating factor (CSF) and
granulocyte-macrophage CSF in patients with malignant
lymphoma: a systematic review. Br J Haematol; 122: 413-
423 

11. Hartung T (1999) Immunomodulation by colony-stimu-
lating factors. Rev Physiol Biochem Pharmacol; 136: 1-
164 

12. Wang JM, Chen ZG, Colella S, Bonilla MA, Welte K,
Bordignon C, Mantovani A (1988) Chemotactic activity
of recombinant human granulocyte colony-stimulating
factor. Blood; 72: 1456-1460 

13. Roilides E, Walsh TJ, Pizzo PA, Rubin M (1991) Granu-
locyte colony-stimulating factor enhances the phagocytic
and bactericidal activity of normal and defective human
neutrophils. J Infect Dis; 163: 579-583 

14. Nathan CF (1989) Respiratory burst in adherent human
neutrophils: triggering by colony-stimulating factors CSF-
GM and CSF-G. Blood; 73: 301-306 

15. Babalola CP, Nightingale CH, Nicolau DP (2004) Ad-
junctive efficacy of granulocyte colony-stimulating factor
on treatment of Pseudomonas aeruginosa pneumonia in
neutropenic and non-neutropenic hosts. J Antimicrob
Chemother: 

16. Abraham E, Stevens P (1992) Effects of granulocyte
colony-stimulating factor in modifying mortality from
Pseudomonas aeruginosa pneumonia after hemorrhage.
Crit Care Med; 20: 1127-1133. 

17. Freeman BD, Quezado Z, Zeni F, Natanson C, Danner
RL, Banks S, Quezado M, Fitz Y, Bacher J, Eichacker PQ
(1997) rG-CSF reduces endotoxemia and improves sur-
vival during E. coli pneumonia. J Appl Physiol; 83: 1467-
1475. 

18. Hebert JC, O'Reilly M, Gamelli RL (1990) Protective ef-
fect of recombinant human granulocyte colony-stimulat-
ing factor against pneumococcal infections in splenec-
tomized mice. Arch Surg; 125: 1075-1078. 

19. Nelson S, Summer W, Bagby G, Nakamura C, Stewart L,
Lipscomb G, Andresen J (1991) Granulocyte colony-
stimulating factor enhances pulmonary host defenses in
normal and ethanol-treated rats. J Infect Dis; 164: 901-
906. 

20. Smith WS, Sumnicht GE, Sharpe RW, Samuelson D, Mil-
lard FE (1995) Granulocyte colony-stimulating factor ver-
sus placebo in addition to penicillin G in a randomized

EUROPEAN JOURNAL OF MEDICAL RESEARCH34 January 28, 2005



blinded study of gram-negative pneumonia sepsis: analy-
sis of survival and multisystem organ failure. Blood; 86:
1301-1309. 

21. Dale DC, Liles WC, Summer WR, Nelson S (1995) Re-
view: granulocyte colony-stimulating factor--role and rela-
tionships in infectious diseases. J Infect Dis; 172: 1061-
1075. 

22. Hartung T, von Aulock S, Wendel A (1998) Role of gran-
ulocyte colony-stimulating factor in infection and inflam-
mation. Med Microbiol Immunol (Berl); 187: 61-69 

23. Hartung T (1999) Granulocyte colony-stimulating factor:
its potential role in infectious disease. Aids; 13 Suppl 2:
S3-9 

24. Endo S, Inada K, Inoue Y, Yamada Y, Takakuwa T, Ka-
sai T, Nakae H, Kuwata Y, Hoshi S, Yashida M (1994)
Evaluation of recombinant human granulocyte colony-
stimulating factor (rhG-CSF) therapy in granulopoetic pa-
tients complicated with sepsis. Curr Med Res Opin; 13:
233-241 

25. Gross-Weege W, Weiss M, Schneider M, Wenning M,
Harms B, Dumon K, Ohmann C, Roher HD (1997) Safe-
ty of a low-dosage Filgrastim (rhG-CSF) treatment in
non-neutropenic surgical intensive care patients with an
inflammatory process. Intensive Care Med; 23: 16-22. 

26. deBoisblanc BP, Mason CM, Andresen J, Logan E, Bear
MB, Johnson S, Shellito J, Summer WR, Nelson S (1997)
Phase 1 safety trial of Filgrastim (r-metHuG-CSF) in non-
neutropenic patients with severe community-acquired
pneumonia. Respir Med; 91: 387-394. 

27. Nelson S, Belknap SM, Carlson RW, Dale D, DeBois-
blanc B, Farkas S, Fotheringham N, Ho H, Marrie T,
Movahhed H, Root R, Wilson J (1998) A randomized
controlled trial of filgrastim as an adjunct to antibiotics
for treatment of hospitalized patients with community-ac-
quired pneumonia. CAP Study Group. J Infect Dis; 178:
1075-1080. 

28. de Lalla F, Nicolin R, Lazzarini L (2000) Safety and effi-
cacy of recombinant granulocyte colony-stimulating fac-
tor as an adjunctive therapy for Streptococcus pneumoni-
ae meningitis in non-neutropenic adult patients: a pilot
study. J Antimicrob Chemother; 46: 843-846. 

29. Schafer H, Hubel K, Bohlen H, Mansmann G, Hegener
K, Richarz B, Oberhauser F, Wassmer G, Holscher AH,
Pichlmaier H, Diehl V, Engert A (2000) Perioperative
treatment with filgrastim stimulates granulocyte function
and reduces infectious complications after esophagecto-
my. Ann Hematol; 79: 143-151 

30. Wunderink R, Leeper K, Jr., Schein R, Nelson S, DeBois-
blanc B, Fotheringham N, Logan E (2001) Filgrastim in
patients with pneumonia and severe sepsis or septic
shock. Chest; 119: 523-529. 

31. Ware LB, Matthay MA (2000) The acute respiratory dis-
tress syndrome. N Engl J Med; 342: 1334-1349. 

32. (1996) Hospital-acquired pneumonia in adults: diagnosis,
assessment of severity, initial antimicrobial therapy, and
preventive strategies. A consensus statement, American
Thoracic Society, November 1995. Am J Respir Crit Care
Med; 153: 1711-1725. 

33. Knaus WA, Draper EA, Wagner DP, Zimmerman JE
(1985) APACHE II: a severity of disease classification
system. Crit Care Med; 13: 818-829. 

34. Pingleton SK, Fagon JY, Leeper KV, Jr. (1992) Patient
selection for clinical investigation of ventilator-associated
pneumonia. Criteria for evaluating diagnostic techniques.
Chest; 102: 553S-556S. 

35. Bone RC, Sprung CL, Sibbald WJ (1992) Definitions for
sepsis and organ failure. Crit Care Med; 20: 724-726. 

36. Bauer P, Kohne K (1994) Evaluation of experiments with
adaptive interim analyses. Biometrics; 50: 1029-1041. 

37. Richards MJ, Edwards JR, Culver DH, Gaynes RP (2000)
Nosocomial infections in combined medical-surgical in-

tensive care units in the United States. Infect Control
Hosp Epidemiol; 21: 510-515 

38. Torres A, Aznar R, Gatell JM, Jimenez P, Gonzalez J,
Ferrer A, Celis R, Rodriguez-Roisin R (1990) Incidence,
risk, and prognosis factors of nosocomial pneumonia in
mechanically ventilated patients. Am Rev Respir Dis; 142:
523-528 

39. Meyanci G, Oz H (2001) Combination of granulocyte
colony-stimulating factor and antibacterial drugs for the
treatment of ventilatory associated nosocomial pneumo-
nia. Middle East J Anesthesiol; 16: 91-101. 

40. Stephens DP, Fisher DA, Currie BJ (2002) An audit of
the use of granulocyte colony-stimulating factor in septic
shock. Intern Med J; 32: 143-148 

41. Root RK, Lodato RF, Patrick W, Cade JF, Fotheringham
N, Milwee S, Vincent JL, Torres A, Rello J, Nelson S
(2003) Multicenter, double-blind, placebo-controlled
study of the use of filgrastim in patients hospitalized with
pneumonia and severe sepsis. Crit Care Med; 31: 367-373 

42. Cheng AC, Stephens DP, Currie BJ (2003) Granulocyte
colony stimulating factor (G-CSF) as an adjunct to antibi-
otics in the treatment of pneumonia in adults. Cochrane
Database Syst Rev: CD004400 

43. Kragsbjerg P, Holmberg H, Vikerfors T (1996) Dynamics
of blood cytokine concentrations in patients with bac-
teremic infections. Scand J Infect Dis; 28: 391-398 

44. Kragsbjerg P, Jones I, Vikerfors T, Holmberg H (1995)
Diagnostic value of blood cytokine concentrations in
acute pneumonia. Thorax; 50: 1253-1257 

45. Chen YM, Whang-Peng J, Chern CH, Kuo BI, Wang SY,
Perng RP (1995) The prognostic value of serum cytokine
levels in patients with acute infections. Zhonghua Yi Xue
Za Zhi (Taipei); 56: 75-79 

46. Weiss M, Gross-Weege W, Harms B, Schneider EM
(1996) Filgrastim (RHG-CSF) related modulation of the
inflammatory response in patients at risk of sepsis or with
sepsis. Cytokine; 8: 260-265 

47. Weiss M, Gross-Weege W, Schneider M, Neidhardt H,
Liebert S, Mirow N, Wernet P (1995) Enhancement of
neutrophil function by in vivo filgrastim treatment for
prophylaxis of sepsis in surgical intensive care patients. J
Crit Care; 10: 21-26. 

48. Weiss M, Voglic S, Harms-Schirra B, Lorenz I, Lasch B,
Dumon K, Gross-Weege W, Schneider EM (2003) Ef-
fects of exogenous recombinant human granulocyte
colony-stimulating factor (filgrastim, rhG-CSF) on neu-
trophils of critically ill patients with systemic inflammato-
ry response syndrome depend on endogenous G-CSF
plasma concentrations on admission. Intensive Care Med;
29: 904-914 

49. Nelson S (1999) A question of balance. Am J Respir Crit
Care Med; 159: 1365-7 

50. Gough A, Clapperton M, Rolando N, Foster AV,
Philpott-Howard J, Edmonds ME (1997) Randomised
placebo-controlled trial of granulocyte-colony stimulating
factor in diabetic foot infection. Lancet; 350: 855-859 

51. Wenisch C, Werkgartner T, Sailer H, Patruta S, Krause R,
Daxboeck F, Parschalk B (2000) Effect of preoperative
prophylaxis with filgrastim in cancer neck dissection. Eur
J Clin Invest; 30: 460-466 

Received: November 10, 2004 / Accepted: December 15, 2004

Address for correspondence:
Pia Hartmann MD
Department of Internal Medicine I
Division of Infectious Diseases
D-93042 Regensburg, Germany
Tel: +49-941-944-7163
Fax: +49-941-5840542
e-mail: pia.hartmann@klinik.uni-regensburg.de

EUROPEAN JOURNAL OF MEDICAL RESEARCHJanuary 28, 2005 35


