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A study was carried out to investigate the efficacy and
toxicity of granulocyte colony-stimulating factor (G-CSF)
in the treatment of infection in 119 severely granulocy-
topenic patients with hematological malignancies after
intensive chemotherapy. Patients were assigned ran-
domly to receive either antibiotics alone (ceftazidime,
2g, i.v., every 8h+amikacin 7.5 mg/kg, i.v., every
12 h) or the same antimicrobial regimen plus G-CSF
(5 ng/kg/day, s.c.). Measurements were clinical improve-
ment, eradication of infection and toxicity. Patients who
received antibiotics plus G-CSF had more clinical
responses (82 versus 60%), less superinfections (6 ver-
sus 20%), less mortality (5 versus 15 patients), less days
in hospital (median 10 versus 27) and reduced antibiotic
usage compared to patients who received only antibio-
tics. Hematological recovery (granulocytes > 1.0 x 10°/1)
was also shorter in these patients (12 versus 23 days).
Fungal infections occurred only in the group treated with
antibiotics alone. Toxicity secondary to G-CSF was
absent. We conclude that the addition of G-CSF to broad
spectrum antibiotics is useful in selected patients with
severe granulocytopenia after intensive chemotherapy
and infection, because it may improve the outcome in
these patients.
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Introduction

Infection continues to be a common cause of mor-
bidity and mortality in granulocytopenic patients
undergoing chemotherapy for hematological malig-
nancies. The response rate to antibiotics in many
infections now exceeds 80% and response rates of
100% can be obtained with appropriate treatment
and accurate microbiological diagnosis.! Neverthe-
less, in some patients with adverse prognostic fac-
tors (septicemia, shock, multiorgan failure, previous
use of intensive chemotherapy or radiotherapy, fun-
gal infections) the response rate is lower and mor-
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tality can be more than 60%.' The therapeutic
efficacy of antimicrobial agents cannot be explained
merely on the basis of the effects of antibiotics on
the pathogen involved. Granulocyte recovery
remains as the most important prognostic fac-
tor.> ¢ If the granulocyte count remains below
0.1 x 10°/1 for more than 7 days the mortality rate
can exceed 45%; especially if associated with other
pathogens, such as fungi, it became more fre-
quent.>”® Colony stimulating factors such as gran-
ulocyte-macrophage colony-stimulating factor (GM-
CSF) and granulocyte colony-stimulating factor (G-
CSF) have been reported to be beneficial in patients
with hematological malignancies treated with
aggressive chemotherapy who developed severe
granulocytopenia and fever; improvement was
observed in hematological recovery, reduced mor-
tality, less use of antibiotics and fewer hospitalized
days.® Also, use of hematopoietic growth factors has
been reported to be useful in patients with infection
secondary to myelosuppression from chemother-
apy.®? For this reason the American Society of
Clinical Oncology recently proposed to set up clin-
ical trials to investigate the usefulness of these drugs
in this clinical condition.'?

We began a prospective clinical trial to evaluate
the effectiveness and toxicity of G-CSF in patients
with microbiologically proven infection and severe
granulocytopenia after intensive chemotherapy.
The results suggest that G-CSF is useful in this clin-
ical setting.

Material and methods

The study was conducted in the Oncology Hospital,
National Medical Center, a tertiary reference center,
from January to June 1994. The study was approved
by the Ethical Committee of our institution and
informed consent was given by all patients. All
patients with granulocytopenic infection were
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treated with amikacin (7.5 mg/kg, i.v.) every 12 h
and ceftazidime (2 g, i.v.) every 8 h. Patients with
the following criteria were randomized by sealed
envelope to receive in addition G-CSF (5 ug/kg/
day, subcutaneously) or not:

(i) diagnosis of hematological malignancy, trea-
ted with intensive chemotherapy during
induction phase;

(i) more than 18 years old, with no upper limit:

(iii) fever (> 38.5°C), radiographic and microbio-
logical evidence of bacterial infection;

(iv) HIV negative,

(v) granulocyte count below 0.1 x 10%/1, in two
consecutive determinations at 12 h interval,
secondary to intensive chemotherapy (see
below);

(vi) no use of colony-stimulating factors in the last
4 weeks before randomization; and

(vii) no allergy to penicillin or derivatives.

A block system was used to retain balance
between treatment arms.

Patients were not included if they showed renal
insufficiency (creatinine clearance rate of less than
0.83 ml/min) before treatment.

Patients were eligible for analysis if the following
criteria were satisfied: (i) infection microbiologi-
cally documented, and (ii) received the antimicro-
bial agent and/or the G-CSF for at least 3 days
according to randomization.

Complete blood count, blood urea nitrogen,
serum creatinine and electrolytes, urinalysis and
liver function test were measured at the time of
study entry, once or twice weekly during the study,
and at the end of treatment; patients were assessed
for treatment related toxicities. Patients were also
examined at least twice weekly for clinical signs or
symptoms of adverse effects related to the study
drugs. Cultures were obtained from the oropharynx,
nasopharynx, perirectal area, stool and blood (by 3)
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at study entry. If patients remained febrile, culture
studies were repeated whenever possible to assess
the possibility of bacterial superinfection or fungal
infection. If fungal infection was suspected, ampho-
tericin B was added to the treatment and the patient
was consider a treatment failure.

Radiographs of the chest were taken at study
entry and once weekly until infection resolved.
Other investigations were according to the clinical
condition of the patient.

The response to therapy was classified as:

o Improvement: disappearance of fever for more
than 15 days after treatment was stopped with
overall clinical improvement and eradication of
the infecting organism without modification of
the antibiotic therapy.

e Failure: persistence of fever or of the infecting
organism for more than 3 days, requiring mod-
ification of the antibiotic therapy.

e Nomn-evaluable: infection considered unlikely,
non-bacterial infection and protocol violations.

Superinfection was defined as a new microbiolo-
gical or clinically documented infection that occur-
red either during therapy or within 3 days of the
discontinuation of antimicrobial therapy.

A two-tailed Fisher’s exact test was used to com-
pared differences in proportion, between groups.
Differences between medians were analyzed using
the Mann-Whitney U-test.

Resulits

A total of 145 patients entered onto the study.
Twenty-six patients were excluded from analysis
because infection was considered doubtful or fever
could be attributed to a non-infection cause (16
patients), a fungal or viral infection as the only

Table 1. Patient characteristics by treatment group

Antibiotics alone [n (%)]

Antibiotics + G-CSF [n (%)]

Number 58 (100) 61 (100)
Median age (range) years 57 (18-83) 60 (23-79)
Men 36 (65) 30 (48)
Women 22 (35) 31 (52)
Underlying disease:

lymphoma 34 (58) 35 (58)

multiple myeloma 16 (27) 17 (28)

Hodgkin’s disease 8 (13) 9 (13)
Central venous catheter 14 (25) 15 (25)
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Table 2. Chemotherapy regimens

1. Lymphoma patients
cyclophosphamide, 3 g/m?, i.v., on day 1
etoposide, 1 g/m?, i.v., on day 7
epirubicin, 180 mg/m?, i.v., on day 14

2. Hodgkin’s disease patients
BCNU, 300 mg/m?, i.v., on day 1
epirubicin, 120 mg/mz, i.v., on day 7
ifosfamide, 5 g/m*<, i.v., on day 7
etoposide, 1 g/m?, i.v., on day 14

3. Multiple myeloma patients
cyclophosphamide 600 mg/m?, i.v., on day 1
melphalan, 20 mg/m?, p.o., daily, days 1—4
vincristine, 2 mg, i.v., day 1
dexamethasone, 20 mg/m2, p.o., daily, gdays 1—4

documented initial infection (six patients) or an
immediate hypersensitivity reaction developed after
a single dose of ceftazidime (four patients). The
remaining 119 patients were evaluable for both effi-
cacy and toxicity.

Patients in the two treatment arms were similar in
age, underlying disease and use of central venous
catheters. The time between the last chemotherapy
regimen and the initial time of infection was also
similar (mean 7 days, range 3-9 days) (Table 1).
Table 2 shows the type of chemotherapy given to
the patients according to the underlying hematolo-

Table 3. Clinical response and hematological recovery

gical malignancies. In all cases, the treatment was
during the induction phase of previously untreated
patients.

Table 3 shows the clinical response to therapy by
anatomical site and the hematological recovery. The
response rate for bacterial infection in patients
receiving antibiotics alone was 60% compared with
82% in the group of patients who received antibio-
tics plus G-CSF.

Granulocyte recovery to >0.1 x 10°, >0.5 x
10° and >1.8 x 10%/1 was enhanced significantly
with the addition of G-CSF to antibiotics (Table
3). No differences were observed in platelet and
red blood cell recovery. Also, febrile days and days
in hospital were fewer in the group of patients who
received G-CSF. The clinical response and hemato-
logical recovery were independent of the different
hematological malignancies or chemotherapy admi-
nistered.

Table 4 compares the response to therapy by bac-
terial pathogens: 21 out of 40 (52%) Gram-negative
infections treated with antibiotics alone improved,
compared to 35 out of 43 (81%) in the patients
treated with antibiotics plus G-CSF. No significant
differences were observed in the Gram-positive
infections, response was similar (88%) in the group
of patients who received antibiotics plus G-CSF
compared to 72% in the patients treated with anti-
biotics alone.

Antibiotics alone [n/n (%)] Antibiotics + G-CSF [n/n (%)) p
Septicemia 21/39 (53) 34/42 (80) <0.01
Pulmonary, urinary tract 14/39 (73) 17/19 (89) NS
Total no. of patients 35/58 (60) 51/61 (82) <0.01
58 61
No. of days to absolute granulocyte
count recovery to:
>0.1 x 109/
median 11.4 6.0 <0.01
range 8-13 3-9
>0.5 x 10%I
median 14.8 7.5 <0.01
range 12-16 3-11
>1.8 x 1091
median 23.0 1.6 <0.01
range 12-27 8-16
Days febrile
median 11.4 6.1 <0.01
range 9-20 4-15
Hospitalized days
median 27.0 10.1 <0.01
range 14-33 9-14
Improvement 35/58 (60) 51/61 (82) <0.1
Mortality 15.58 (25) 5/61 (8) <0.01
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Table 4. Response according to bacteria
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Antibiotics alone [n/n (%)) Antibiotics + G-CSF [n/n (%)] p
Gram-negative
Escherichia coli 4/6 (66) 9/9 (100)
Klebsiella, Enterobacteriaces, 8/16 (50) 13/14 (92)
Serratio species
Pseudomona aeruginosa 6/15 (40) 8/14 (57)
Proteus species 3/4 (75) 5/6 (83)
total 21/40 (52) 35/43 (81) <0.01
Gram-positive
Staphylococcus aureus 12/15 (80) 15/16 (93)
Streptococcus species 2/3 (66) 1/2 (50)
total 14/18 (77) 16/18 (88) NS
Table 5. Super infections associated with treatment
Antibiotics alone Antibiotics + G-CSF
[n (%)] [n (%)]
Patients 58 61
Patients with superinfections 12 (20) 4 (6)
Bacteria 8 4
Pseudomonas aeruginosa 5 1
Staphylococcus aureus 3 2
Klebsiella pneumonie 0 1
Fungal infections 4 0
disseminated candidiasis 3
pulmonary aspergillosis 1
Superinfections was sufficient to correct this in all cases. Six patients

Table 5 shows the type of superinfections associ-
ated with each treatment regimen. Patients treated
with antibiotics alone showed a high incidence of
superinfections (20 versus 6%). Fungal infections
were evident only in the patients who were treated
with antibiotics alone.

Twenty patients died during the episode of infec-
tion. Fifteen cases were on the arm of antibiotics
alone and five in the G-CSF and antibiotic therapy
group.

Eleven patients died during the initial episode of
infection secondary to multiorgan failure. Autopsy
was performed in eight cases and infection was the
major cause of death. Nine patients died during the
superinfection episode and, again, infection in
autopsy tissues was the cause of death.

Side effects

Eleven patients developed a transient fall in crea-
tinine clearance; adjustment of the amikacin dose

showed mild prolongation of prothrombin time, but
no vitamin K was necessary. Five patients devel-
oped rash with urticaria after ceftazidime adminis-
tration. No side effects secondary to G-CSF could be
observed.

Discussion

Myelosuppression remains the most important side
effect of chemotherapy in the treatment of hema-
tological malignancies. The introduction of more
aggressive regimens has been accompanied by
more side effects, especially infection. Traditionally,
the management of infectious complications, espe-
cially in an immunocompromised host, depends on
the prompt initiation of therapy with broad-spec-
trum antibiotics, particularly the combination of an
aminoglycoside with a B-lactam.”"7 However, the
response to therapy depends on the clinical state of
the patient. Patients with severe infection (septice-
mia, shock, multiorgan failure) have a poor prog-
nosis with a high rate of infection-related death.’
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Patients who have no recovery of gran-
ulocytes > 0.1 x 10%/1 after more than 7 days have
a poor prognosis. Superinfections and infection-
related death are common.>® For this reason the
outcome of infection remains associated with the
speed of granulocyte recovery. A more rapid recov-
ery of granulocytes might lead to an improved out-
come from sepsis. The life span of blood cells is
generally short; that of granulocytes, which play a
leading role in the defense against bacterial infec-
tion, is especially short, ranging from several hours
to several days.

Granulocytes are differentiated from hematologi-
cal stem cells and proliferate to maintain host defen-
ses against infection. Hematopoietic growth factors
such as G-CSF are involved in the differentiation
and proliferation of granulocytes. G-CSF, in partic-
ular, specifically promotes granulocytes differentia-
tion and proliferation, and also acts on mature
granulocytes to promote activation.®® !4

Hematopoietic growth factors have been shown
to shorten the duration of granulocytopenia. Our
results show that the use of G-CSF early in the man-
agement of infection in severely granulocytopenic
patients can improve outcome in these patients. The
combination of ceftazidime and amikacin has pre-
viously been reported useful in granulocytopenic
patients."*” The lowest rate of response (60%) in
our patients who were treated with antibiotics alone
could be attributed to the slow recovery of granu-
locytes compared with the patients who received
G-CSF.

The administration of G-CSF has been shown to
be useful in granulocytopenic mice in combination
with antibiotics, resulting in improvement in hema-
tological recovery and reduced death from infec-
tion.'® In other clinical studies, the use of G-CSF
in granulocytopenia secondary to chemotherapy
has improved the cure rate of these patients. Our
study confirms that G-CSF shortened the hematolo-
gical recovery with improvement in granulocyte
counts compared with patients who did not receive
G-CSF. Also, improvement in clinical response was
evident with reduction in the use of antibiotics and
hospitalized days. The most important point was
that the use of G-CSF reduced the mortality rate
compared with patients treated with antibiotics
alone in patients with severe infection and poor
prognostic factors. The use of G-CSF in patients with
infection was not associated with side effects and
thus G-CSF can be used safely in this clinical con-
dition. However, the chemotherapy used in our
patients was higher than standard regimens in
patients with Hodgkin’s disease and malignant lym-
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phoma, and the subsequent granulocytopenia tends
to be more severe and prolonged. Patients with less
severe granulocytopenia probably will not benefit
from the use of G-CSF or other hematopoietic
growth factors during sepsis, but no randomized
studies have been performed to establish this. On
the other hand, aggressive chemotherapy is in gen-
eral use in more curable diseases sensitive to che-
motherapy and the number of patients with severe
granulocytopenia will probably increase in the near
future. For this reason, myelosuppression with
lethal infection remains an important risk in patients
with cancer who receive aggressive chemotherapy.
In such patients the use of G-CSF during infectious
episodes can improve the outcome. Further rando-
mized clinical trials will have to be conducted to
establish this further.
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