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Summary

Secondary prophylaxis with recombinant human granulocyte colony stimulating factor
(G-CSF) is recommended where patients have experienced febrile neutropenia in an
earlier chemotherapy cycle and for whom the maintenance of chemotherapy dose intensity
is important; or where febrile neutropenia has not occurred but prolonged neutropenia
is causing excessive dose delay or reduction, where maintenance of dose intensity is
important. The objective of this study was to determine the efficacy and feasibility of
G-CSF as secondary prophylaxis when used along with full dose moderately myelotoxic
chemotherapy following a prior cycle with febrile-neutropenia. Fifty-two patients aged
22-75 years with febrile neutropenia that required intravenous antibiotics following
moderately myelotoxic chemotherapy were included. These patients received the next cycle
of the same chemotherapy regime without dose modification but with support of filgrastim
24 h after completion of chemotherapy (300 pg/day/subcutaneously (s.c.) for weight < 60
kg, 480 pg/day/s.c. for weight > 60 kg, for at least 10 consecutive days), patients in whom
neutropenia was associated with a life-threatening infection and those who developed
prolonged myelosuppression were excluded. The use of the hematopoietic growth factor
G-CSF was shown to shorten the neutrophil recovery time, resulting in significant
reduction of incidence of febrile neutropenia, hospitalization and use of broad spectrum
antibiotics. There was no drug related death or adverse events associated with either cycle.
In conclusion, recombinant human G-CSF is effective and relatively safe as a secondary
prophylaxis with full dose chemotherapy in patients who develop febrile neutropenia
following prior cycles of moderately myelotoxic chemotherapy.
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1. Introduction

Association of neutropenia and infection continues to
be a major cause of morbidity and mortality in cancer
patients receiving myelosuppressive chemotherapy (/).
Prompt initiation of empiric broad-spectrum antibiotics
has effectively improved the outcome of patients with
febrile neutropenia. However, a substantial proportion
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of these patients require prolonged hospital stays or
develop more severe medical complications.

Febrile neutropenia is defined as an absolute
neutrophil count (ANC) of < 0.5 x 10°/L and an oral
temperature of > 38°C and is a serious consequence of
chemotherapy-induced neutropenia (CIN), frequently
resulting in hospitalization, infectious complications,
the use of intravenous (i.v.) antibiotics, chemotherapy
dose delays or reductions, reduced treatment
effectiveness, increased health care expenditures,
reduced quality of life, and possibly death (2-9).

Hematopoietic colony-stimulating factor (CSF),
such as granulocyte CSF (G-CSF) has shown to
promote proliferation, differentiation, and function of
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progenitor and mature cells of the myeloid lineage (10).
These cytokines also stimulate the bactericidal functions
of mature neutrophils (/7). When administered as a
preventive adjunct to chemotherapy, CSFs have shown
in clinical trials to shorten the neutropenic period and to
reduce by 50% the incidence of febrile neutropenia in
high-risk patients (3,7,12).

A recent meta-analysis of randomized controlled
trials evaluating the treatment of febrile neutropenia
with G-CSFs plus antibacterials vs. antibacterials alone
demonstrated a significant reduction in the proportion
of patients with prolonged hospitalization among those
who received G-CSFs (/3,14). The occurrence of
neutropenia can lead to a delay in subsequent cycles
of chemotherapy or a reduction in the doses of drugs
in the regimen, which can compromise the efficacy of
the chemotherapy (4,5). In aggressive non-Hodgkin's
lymphoma (NHL) and early-stage breast cancer,
there are data suggesting that the administration of a
chemotherapy planned dose on time is associated with
improved outcomes (5-9,15-18).

Several recent studies have shown that many
patients, particularly older individuals, are routinely
given both lower planned and delivered chemotherapy
doses than the standard reference regimens (/5-18).
However, clinical trial data show that older patients
can have outcomes (overall survival and disease
free survival) similar to those of younger patients
when adequate (i.e., literature-cited, standard-dose)
chemotherapy dose intensity is delivered (/9-21).
Furthermore, it has been suggested that older patients
are more susceptible to myelotoxicity, possibly
because of decreased hematopoietic reserves (22,23).
The National Comprehensive Cancer Network
(NCCN), USA, recently published guidelines
recommending that patients aged 70 years and over
who are treated with moderately toxic regimens
should be treated prophylactically with hematopoietic
growth factors (HGFs) to reduce myelotoxicity
of the chemotherapy planned dose on time (23).
Therefore CIN is clearly a serious consequence
of myelosuppressive chemotherapy, but it can be
managed successfully.

The optimal strategy is to prevent occurrence
of neutropenia, and in patients with an increased
risk of developing chemotherapy-related infections,
prophylactic administration of CSFs may be warranted
(3). Published data clearly establish that the optimal
use of filgrastim requires initiation 24 to 72 h after the
completion of the chemotherapy (3) and that delaying
the start of filgrastim until the time of the ANC nadir
is less effective. Furthermore, the administration
of G-CSF over all cycles of chemotherapy leads to
a cumulative benefit in terms of reduced incidence
and duration of severe neutropenia in later cycles
compared with cycle 1. This is thought to be due to
a priming effect of G-CSF on neutrophil recovery by

enhancing cell differentiation of the post-mitotic pool
7).

This study aimed to evaluate the efficacy and
feasibility of G-CSF as a secondary prophylaxis when
used along with full dose moderately myelotoxic
chemotherapy following a prior cycle with febrile-
neutropenia in solid tumors.

2. Materials and Methods
2.1. Patients

Between January 2003 and December 2008, 52
patients with febrile neutropenia that required
intravenous antibiotics following moderately
myelotoxic chemotherapy were included. The age of
patients was in a range of 22-75 years (median 47).
These patients received the next cycle of the same
chemotherapy regime without dose modification but
with support of filgrastim (300 pg/day/s.c. for weight
< 60 kg, 480 pg/day/s.c. for weight > 60 kg, for at
least 10 consecutive days) if the following criteria
were fulfilled: age 18-70 years, WHO performance
status < 2, febrile neutropenia during last cycle not
associated with septicemia or other life-threatening
infection; complete recovery of neutrophils (> 1,500/
mm’) and platelets (> 100,000/mm”) on the first day
of the following cycle and the last chemotherapy cycle
not associated with dose-limiting toxicity other than
febrile neutropenia. Patients in whom neutropenia was
associated with a life-threatening infection and those
who developed prolonged myelosuppression were
excluded. Diagnoses included lymphoma (n = 22),
breast cancer (n = 21), germ cell tumor (n = 3), or non-
small cell lung cancer (n = 6). Filgrastim (300 mg/day)
was given subcutaneously starting 24-30 h after the
last chemotherapy dose. A total of 8-9 alternate day
doses were given routinely. However, if the absolute
neutrophil count did not reach 1,500/mm’ after the
neutrophil nadir, G-CSF was given for a longer period.
Subsequent cycles were given with filgrastim support
and without dose reductions if no other dose limiting
toxicity developed. Data concerning the incidence
of febrile neutropenia, infection, and other dose-
limiting toxicities that developed during the first four
cycles given with secondary G-CSF prophylaxis were
analyzed.

All patients signed a standard informed consent
form before the start of each chemotherapy regimen.

2.2. Study end points

Primary end point was the duration of hospital stay.
Secondary end points were, days on antibiotic therapy,
incidence of fever, time to resolve fever, dose reduction,
dose delay, and any incidence of adverse events in
successive cycles of chemotherapy.
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2.3. Statistical analysis

Groups (cycles) were compared using non parametric
Friedman one way analysis of variance (ANOVA)
by ranks followed by Dunn's multiple comparison
test. Rank correlation was used to calculate relative
association among the measures (variables). Proportions
were compared by y° and proportion Z-test. A two-
tailed (o = 2), probability (p) value less than 0.05 (p
< 0.05) was considered to be statistically significant.
MS EXCEL (MS Office 97-2003) and GraphPad Prism
(version 5) were used for the analysis.

Table 1. Characteristics of patients (n = 52) treated with
prophylactic G-CSF

Characteristics/Diagnosis/Treatment Number of Patients

Characteristics
Median age in yrs (range) 47 (22-75)
Diagnosis
Lymphoma number (%) 22 (42.31%)
Breast cancer number (%) 21 (40.38%)
Testicular germ cell tumor number (%) 3 (5.77%)
Non small cell lung cancer number (%) 6 (11.54%)
Treatment
CHOP/CHOP like number 18
COPP 2
ABVD 2
PEB 3
Cisp/Etop 6
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3. Results
3.1. Patients and chemotherapy regimens

Fifty-two consecutive patients who fulfilled the
study criteria were treated between January 2003
and December 2008. The major characteristics,
diagnosis and their treatment regimens associated
with neutropenic fever are shown in Table 1. As can
be seen, the most common diagnosis was lymphoma
(42%) and breast cancer (40%). More than half
(58%) received adriamycin-containing regimens.
Chemotherapy was given as adjuvant or neoadjuvant
therapy.

Two patients in whom neutropenia was associated
with a life-threatening infection and those who
developed prolonged myelosuppression during the
treatment were excluded from the study. Thus, efficacy
of prophylactic G-CSF was investigated on 50 patients
and evaluated statistically.

3.2. End measures

The end measures such as neutrophil recovery time,
duration of fever, duration of antibiotic and duration of
hospitalization are summarized graphically in Figure
1. Figure 1 showed that all these measures decrease
with the progression of cycles. Inter comparison of
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w
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Figure 1. Cycle wise trend of neutrophil recovery time (A), duration of fever (B), duration of antibiotic (C), and duration
of hospitalization (D) of patients treated with prophylactic G-CSF. **p <0.01.
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Table 2. End measures at 4 cycles of patients (n = 50) treated with prophylactic G-CSF
Cycles N

Measures x (DF =12)

1 2 3 4
Incidence of febrile neutropenia 32 9 5 2
Incidence of antibiotic 32 9 5 2 ns
Incidence of antifungal 6 1 0 0 4.37
Cycle delay 12 4 1 0
Dose reduction 13 6 2 0
Data represents number of patients. ™ p > 0.05.
Table 3. Inter-correlation (N = 200) among variables
Variables Cycles Neutrophil ~ Duration Duration  Duration of Incidence Incidence Incidence Cycle Dose

recovery time of fever of antibiotic hospitalization of fever of antibiotic of antifungal delay reduction

Cycles 1.00
Neutrophil recovery time —0.90* 1.00
Duration of fever —0.52* 0.58* 1.00
Duration of antibiotic —0.53* 0.57* 0.97* 1.00
Duration of hospitalization —(0.53* 0.57* 0.97* 1.00* 1.00
Incidence of fever -0.49* 0.56* 0.97* 0.92* 0.92* 1.00
Incidence of antibiotic -0.49* 0.52* 0.95% 0.99* 0.99* 0.92* 1.00
Incidence of antifungal —0.23* 0.24* 0.25* 0.26* 0.25* 0.21* 0.21* 1.00
Cycle delay —0.31* 0.35% 0.43* 0.44* 0.44* 0.37* 0.37* 0.43* 1.00
Dose reduction -0.31* 0.34* 0.56* 0.54* 0.54* 0.53* 0.49* 0.29* 0.60*  1.00
*p<0.01

groups (cycle) showed the median (or mean) values of
all these measures decreased significantly (p < 0.01)
in cycle 2, 3, and 4 as compared to cycle 1 (Figure 1)
while the levels of all these did not differ significantly
(p > 0.05) in cycle 2, 3, and 4 except neutrophil
recovery time. The neutrophil recovery time in cycle
3 and 4 also decreased significantly (p < 0.05) from
cycle 2, while the level in cycle 3 and 4 did not
differ significantly (p > 0.05) i.e., were found to be
statistically the same.

The other end measures such as incidence of fever,
antibiotic, antifungal, cycle delay and dose reduction in
patients are summarized in Table 2. Table 2 showed that
as cycles increased the incidence of these measures in
patients decreased. When compared the decrease in all
measures over the cycles were found to be insignificant
(/' =4.37,p>0.05).

The inter-correlation of all the above end measures
over cycles (1 to 4) is summarized in Table 3. All
measures showed a significant (p < 0.01) and inverse
(negative value) correlation with the progression of
cycles i.e., as number of cycles increases, the incidence
of symptoms decreases while the correlation among
measures were found to be positive and significant (p <
0.01).

The initial and final evaluations of adverse events in
patients are summarized in Table 4. All adverse events
in patients decreased significantly (p < 0.05 or p <0.01)
in the final evaluation as compared to the initial except,
diarrhea, musculoskeletal pain (severe, moderate, mild),
and Grade III mucositis/stomatitis.

Table 4. Adverse events in patients (n = 50) treated with
prophylactic G-CSF

Initial Final

Adverse events Z-test
(m) (m)
Vomiting grade III 15 3 2.86%*
Fatigue 13 2 2.80**
Diarrhea 7 3 1.00™
Anemia 10 1 2.56*
Fever 32 2 6.12**
Musculoskeletal pain 19 Same No change
Severe 6 Same No change
Moderate 6 Same No change
Mild 7 Same No change
Weakness 30 2 5.79**
Dizziness 20 1 4.42%*
Grade III mucositis/stomatitis 7 1 1.84™

™ p>0.05;*p <0.05;** p<0.01.

4. Discussion

The American society of clinical oncology
(ASCO-2005) and ASCO-2005 update guidelines
support the use of secondary prophylactic G-CSF
in patients who had experienced a neutropenic
complication (febrile neutropenia or prolonged
neutropenia) from a prior cycle of chemotherapy (for
which primary prophylaxis was not received), in which
a reduced dose may compromise disease free or overall
survival or treatment outcome. The ASCO-2005 update
gives evidence that G-CSF recipients experienced fewer
episodes of hospitalization for febrile neutropenia and
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greater dose-intensity compared to historical controls
i.e., CSF support, but none of the other significant
clinical outcomes (survival, quality of life, toxicity or
cost) were reported (7).

Several relevant studies have been reported since
2000. In a multicenter trial conducted in Spain, adult
patients with solid tumors or lymphoma who developed
febrile neutropenia and had at least one high-risk factor,
were treated with intravenous antibiotics and randomly
assigned to receive G-CSF (5 pg/kg per day) until
neutrophil recovery. CSF recipients had a shorter period
of grade 4 neutropenia (median 2 vs. 3 days, p = 0.0004),
antibiotic therapy (median 5 vs. 6 days, p = 0.013),
and hospital stay (median 5 vs. 7 days, p = 0.015) (2).
Survival between groups was similar.

In a Cochrane systematic review and meta-analysis,
which included 1,518 patients from 13 trials, patients
randomized to receive CSF experienced less prolonged
neutropenia [25% vs. 45%; OR = 0.32 (0.23-0.46); p <
0.00001], less prolonged hospitalization [23% vs. 32%;
OR = 0.63 (0.49-0.82); p = 0.0006], marginally less
infection related mortality [3.1% vs. 5.7%; OR = 0.51
(0.26-1.00); p = 0.05] and no significant difference in
overall mortality [5.1% vs. 7.1%; OR = 0.68 (0.43-1.06);
p = 0.10] (2). Bone, joint pain, and arthralgias were
more common in CSF treated patients (p = 0.007).

Studies have reported that hypotension and
bacteremia in the setting of neutropenia are significant
risk factors for prolonged hospitalization (> 7 days) and
high mortality. Malik et al. reported that mortality rate is
associated with febrile neutropenia in patients presenting
with shock of 82% (3). A study from France reported
that patients admitted to an ICU with febrile neutropenia
experienced a 54% 30-day mortality rate (4).

The chemotherapy regimens used in the current
study were moderately myelotoxic. Patients treated
with highly myelotoxic regimens received primary
G-CSF prophylaxis and were not included in this study.

During the study period, our departmental policy
of full-dose administration with secondary G-CSF
support was limited to patients with solid tumors who
were being treated with an intention for cure or for
durable remission. This explains the relatively high
proportion of patients with lymphoma (42%) and breast
cancer (40%). It is noteworthy that a substantial portion
of patients with potentially curable histologically
aggressive non-Hodgkin's lymphoma (5) and breast
cancer patients treated with adjuvant chemotherapy (6)
have reductions and/or delays in dosage, mostly due to
neutropenia. Therefore, secondary G-CSF prophylaxis
may play an important role in sustaining dose-intensity
in patients with these diagnoses.

Controlled trials show beneficial effects of
filgrastim on hospitalization, antibiotic use, incidence
of neutropenia with fever, and chemotherapy dosing
compared with placebo, when started 24 h after the
last dose of chemotherapy (7-9,15). Delaying the start

of filgrastim therapy beyond 72 h has suboptimal
effects on hematological recovery and infection-related
endpoints (/6,17). The use of filgrastim following
consecutive cycles of chemotherapy appears to confer
cumulative benefits in the management of neutropenia
associated complications (7).

Our data also demonstrate that, following
conventional chemotherapy associated with
uncomplicated neutropenic fever, the same regimen can
be safely given without dose reduction with secondary
G-CSF prophylaxis, given 24 h after the last dose of
chemotherapy. The incidence of febrile neutropenia
during the first cycle of chemotherapy given with
filgrastim supported 32/50 (64%) patients which
gradually was reduced to 9/50 (18%) in the second
cycle, 5/50 (10%) in the third cycle, and 2/50 (4%) in
the fourth cycle. Furthermore, there was no evidence
of bacterial infection or other serious infection in any
of these patients. Importantly, the rate of other dose-
limiting toxicities in patients treated with full dose
chemotherapy with filgrastim support was very low
and included grade 3 mucositis that developed in one
patient in the fourth cycle of chemotherapy with G-CSF.

5. Conclusion

G-CSF secondary prophylaxis may be justified in
patients who have experienced a previous febrile
episode or prolonged neutropenia, for whom the
maintenance of dose intensity is important, e.g.
those with primary breast cancer, advanced hodgkins
disease, or intermediate/high-grade non-Hodgkin's
lymphoma (NHL). G-CSF should be started 24-hour
post chemotherapy at a dose of 5 pg/kg/day. If delayed
for more than 72 h, benefits may be lost. G-CSF
administration should be continued until the expected
nadir has passed and the neutrophil count has recovered
into the normal range. Filgrastim administration
through repeated cycles of chemotherapy appears to
confer cumulative benefits. Our data also show that
a policy of full-dose administration of moderately
myelotoxic chemotherapy with G-CSF following a
prior cycle that was associated with uncomplicated
febrile neutropenia is feasible and relatively safe. Thus,
we can say that secondary G-CSF prophylaxis may
play an important role in sustaining dose-intensity in
these patients.

Thus it is now established that the use of G-CSF
will significantly reduce the degree and duration of
chemotherapy-induced neutropenia with a substantial
reduction in infection and associated morbidity. It was
also expected that such a rapid recovery of neutrophils
would allow chemotherapy to be given on time and at
the appropriate dose. This would be accompanied by
an improved tumor response. This goal has not been
realized but awaits further adequately-sized randomized
studies.
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