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Summary
Aim To compare the efficacy and safety of intermittent every other days 5-dose filgrastim with single pegfilgrastim in patients with
breast cancer receiving adjuvant docetaxel, doxorubicin, and cyclophosphamide (TAC) chemotherapy. Methods In this pilot study,
Korean patientswho had undergone complete resection for breast cancer and scheduled for adjuvant TAC chemotherapywere enrolled.
Patients were randomized to receive either intermittent 5 doses of filgrastim (5 mcg/kg/day) or once-a-cycle pegfilgrastim (6 mg) as
primary prophylaxis during the first three cycles of the TAC chemotherapy. Absolute neutrophil count (ANC) was analyzed as well.
Results A total of 22 patients were randomly and equally divided into filgrastim or pegfilgrastim arms. Febrile neutropenia (FN)
occurred in 1 patient in the pegfilgrastim arm (1 of 33 cycles) and none in the filgrastim arm. G3 neutropenia occurred in 1 patient (1 of
33 cycles) in the filgrastim arm and 2 patients (4 of 33 cycles) in the pegfilgrastim arm (P = 0.476). G4 neutropenia occurred in 11
patients (28 of 33 cycles) in the filgrastim arm and 9 patients (18 of 33 cycles) in the pegfilgrastim arm (P = 0.476). Except for on day 9
in cycle 3, there was no significant difference between the two groups in terms of ANC. Conclusion We observed no significant
differences between the twomethods of prophylaxis in terms of FN andG3/4 neutropenia incidence in patients receiving adjuvant TAC
chemotherapy. Intermittent every other days 5-dose filgrastim may be available alternative to pegfilgrastim.
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Introduction

Six cycles of adjuvant docetaxel, doxorubicin, and cyclophos-
phamide (TAC) (75/50/500 mg/m2 every 3 weeks) shows signif-
icant improvement in disease-free survival and overall survival in
patients with breast cancer. TAC carries advantage over 4 cycles
of AC (60/600 mg/m2 every 3 weeks) followed by 4 cycles of
docetaxel at 100 mg/m2 every 3 weeks (AC>T) (BCIRG-005)
in that TAC has a shorter treatment period than does AC>T
while showing similar efficacy and similar incidence of G3/4
neutropenia. However, TAC results in significantly higher inci-
dence of febrile neutropenia (FN) and thrombocytopenia than
does AC > T (17.4% vs. 7.7%; P < 0.0001), which prevents
widespread use of TAC in breast cancer patients [1].

The use of granulocyte colony-stimulating factors (G-CSFs)
brought significant advances in supportive care and improve-
ment of quality of life in cancer patients by significantly reducing
the incidence of infectious complications and hospitalization.
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Moreover, the use of G-CSFs results in preservation of the dose
intensity of chemotherapy. A recent review suggested that pro-
phylactic G-CSF decreases the risk of FN and treatment-related
deaths including infection-related mortality [2]; however, due to
its short half-life, G-CSF needs to be administeredmultiple times.
In this regard, pegfilgrastim (pegylated form of G-CSF), which
involves neutrophil elimination, is able tomaintain effective plas-
ma concentrations for a longer period than conventional G-CSFs
that involves renal elimination [3].

Two studies demonstrated that once a cycle pegfilgrastim on
day 2 has the same efficacy and safety profile to multiple daily
injections of filgrastim (10–11 daily filgrastim) [4, 5]. Also, ran-
domized studies in patients with breast cancer showed that a
single dose of pegfilgrastim produces the same efficacy as 11-
daily filgrastim and possibly even more efficacious for
preventing FN [6–9]. The GEPARTRIO study showed that
pegfilgrastim alone was more effective than 6-daily filgrastim
schedule (day 5–10) in preventing FN (7% vs. 18% of patients,
and 2% vs. 5% of cycles, respectively) (P < 0.001) [10].

Nevertheless, for economical and practical reasons (e.g.,
drug availability, health insurance, patient convenience), a
shorter course of treatment would be desirable in situations
in which pegfilgrastim use is difficult. Importantly, reports on
patients with other types of cancer showed that suboptimal use
of G-CSFs may result in unfavorable clinical outcomes
[11–13]. However, in two randomized studies on breast cancer
patients undergoing TAC chemotherapy [10, 14], consecutive
6 or 7-daily filgrastim schedules showed acceptable range of
FN incidence (7%–18%).

An area of concern for alternate or intermittent filgrastim
administration is that a patient’s absolute neutrophil count
(ANC) may significantly fluctuate over time during the course
of administration. The half-life of filgrastim is 3.5–3.8 h and
daily filgrastim is thus recommended. However, in a previous
study [15], clinical outcomes were not significantly different
between daily- and intermittent-dose filgrastim schedules.

In this study, we compared the efficacy and safety of inter-
mittent every other days of 5-dose filgrastim (D3–D11) with
once-a-cycle pegfilgrastim (D2) in patients receiving adjuvant
TAC chemotherapy.

Patients and methods

Patients

This pilot study (NCT02685111)was an open-label, randomized,
multicenter study that compared intermittent every other days of
5-dose filgrastim (filgrastim) with once-a-cycle pegfilgrastim
(pegfilgrastim) in patients who had undergone surgery for path-
ologically diagnosed early breast cancer (high-risk stage II or
stage III) or completely resected stage IV, and anticipated to

undergo adjuvant chemotherapy with the TAC regimen (doce-
taxel, doxorubicin, and cyclophosphamide).

The inclusion criteria were as follows: 18 to 70 of age,
Eastern Cooperative Oncology Group (ECOG) performance
0–1, ANC ≥ 1500/mm3, platelet count ≥100,000/mm3, ade-
quate renal functions (Cr < 1.5 × upper limit of normal
[ULN]), adequate liver function (bilirubin <1.5 × ULN,
AST/ALT <2.5 × ULN), and adequate cardiac function (ejec-
tion fraction ≥50% as measured by MUGA or 2D echocardi-
ography without clinically significant abnormalities). All pa-
tients voluntarily participated in this study and provided writ-
ten informed consent.

The exclusion criteria were as follows: history of immuno-
therapy or chemotherapy, history of autologous stem cell
transplantation or bonemarrow transplantation, radiation ther-
apy within 4 weeks after written informed consent, any other
concurrent malignancies or history of malignancy within the
last 5 years (excluding completely resected stage I early skin
cancer), pregnant or lactating women, women of childbearing
potential not employing adequate contraception, other serious
illness or medical conditions that hinder chemotherapy, unsta-
ble cardiac disease (e.g., congestive heart failure, arrhythmia,
symptomatic coronary artery disease) despite treatment, myo-
cardial infarction within 6 months prior to study entry, history
of significant neurological or psychiatric disorders including
dementia and seizure, active uncontrolled infection (viral, bac-
terial, or fungal), concomitant administration of any other ex-
perimental drugs under investigation, concomitant chemother-
apy, hormonal therapy, or immunotherapy, history of usage of
G-CSFs, and history of HIV (+) or HCV (+). However, HBV
(+) patients who undergo primary prophylaxis were eligible.

Six referral hospitals in Korea participated in this study.
The protocols of this study were approved by the institutional
review boards of Asan Medical Center, Inje University
Sanggye Paik Hospital, Yonsei Cancer Center, Ulsan
University Hospital, Korea University Guro Hospital and
National Cancer Center, and conducted in accordance with
the Declaration of Helsinki and the Good Clinical Practice
guidelines. All participants provided written informed consent
prior to enrollment.

Drug dosage and study schedule

The TAC chemotherapywas administered once every 3 weeks
for 6 cycles. The two prophylactic G-CSF regimens
(filgrastim and pegfilgrastim) were compared during the first
3 cycles of TAC chemotherapy (study period); during the
subsequent 3 cycles of TAC chemotherapy (practice period),
the patients were treated as clinical routine practice. Each TAC
cycle consisted of doxorubicin 50 mg/m2 followed by cyclo-
phosphamide 500 mg/m2 and docetaxel 75 mg/m2 given in-
travenously on day 1. To prevent fluid retention, patients re-
ceived premedication with dexamethasone (six doses of 8 mg
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per os from the night before chemotherapy and until the eve-
ning of the day after chemotherapy).

Filgrastim (Neupogen®) was administered on D3, D5, D7,
D9, and D11 of each cycle during the study period. A dose of
5 μg/kg/day filgrastim was administered subcutaneously as a
bolus injection into the outer upper arm, abdomen (except within
5 cm from the navel), front middle thigh, or the upper outer
buttocks area. Pegfilgrastim (Neulasta®) was administered at
D2 of each cycle during the study period. A dose of 6 mg once
a cycle was administered subcutaneously 24 (± 2) hours after the
completion of chemotherapy. Both filgrastim and pegfilgrastim
were administered at home by the patients themselves.

Complete blood count (CBC) was examined at D1, D7, D9,
and D14 at every cycle of TAC chemotherapy. Safety profiles
were evaluated by physical examination, vital signs, performance
status, CBC with differential counts, and serum chemistry using
NCI Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0 before every cycle of TAC chemotherapy.
The schedule of this study is shown in Table 2.

Statistical analysis

To compare the two prophylactic regimens, continuous vari-
ables were analyzed using the independent T-test or Mann-
Whitney U test. Categorical data and proportions were com-
pared with Fisher’s exact test. All statistical analyses were
performed using SPSS for Windows version 24.0 (IBM
Corp., Armonk, NY, USA). All analyses were two-sided,
and statistical significance was set at P values <0.05.

Results

Patients characteristics

Between July 22, 2016 and December 18, 2017, 25 patients
were enrolled, 3 of whom withdrew their consent prior to
randomization. Finally, 22 patients were randomly assigned
to either the filgrastim arm or once a cycle pegfilgrastim arm.
The patient characteristics of this study are shown in Table 1.
The median age of the patients was 53.5 (range, 37–69). The
ECOG PS was 0 in 18 patients and 1 in 4 patients. Eleven
patients were pre-menopausal. Pathologic findings showed
that 19 patients had invasive ductal carcinoma (IDC) and 3
patients had invasive lobular carcinoma (ILC). A total of 17
patients were positive for estrogen receptor (ER), 15 were
positive for progesterone receptor (PR), and 5 were triple neg-
ative breast cancer. All patients were negative for HER-2. One
patient showed the presence of ductal carcinoma in situ
(DCIS). Regional lymph node involvement was absent in 3
patients. Filgrastim, pegfilgrastim, and chemotherapy were
given without omission or delay (Table 2).

Efficacy and safety

Incidence of hematologic toxicities

During the study period, 253 of 264 CBCs (95.8%) were
collected. The mean ANCs at each time point are shown in
Table 3. Except on D9 of cycle 3, there was no significant
differences in mean ANC between the two groups.

Incidence of FN, grade 3 and grade 4 neutropenia per pa-
tients and per cycles are shown in Table 4.

All 11 patients in the filgrastim arm had experienced one or
more G4 neutropenia. Nine of 11 patients (81.8%) in the
pegfilgrastim arm had experienced G4 neutropenia, and in
the rest of the patients, G3 neutropenia was the worst grade.
In the filgrastim arm, no FN was observed, and one patient in
the pegfilgrastim arm experienced FN in cycle 3. During the
entire study period, there was 1 case of G3 neutropenia and 28
cases of G4 neutropenia in the filgrastim arm, and 4 cases of
G3 neutropenia and 18 cases of G4 neutropenia in the
pegfilgrastim arm. In the pegfilgrastim arm, G2 neutropenia
was noted as the worst grade experienced in two cases.
Overall, there were no significant differences in the incidence
of G3 neutropenia, G4 neutropenia, and FN per patients be-
tween the two groups (P = 0.476, P = 0.476, and P = 1.000,
respectively); during cycles 1 to 3 or each cycle of cycle 1–
3, except for G4 neutropenia (P = 0.015), there were no

Table 1 Patient characteristics

Characteristics Total
(N = 22)

Filgrastim
(N = 11)

Pegfilgrastim
(N = 11)

P

Age, years

Median 54 55 49 0.080
Range 37–69 49–61 37–69

Performance status

PS 0 18 8 10 0.587
PS 1 4 3 1

Menopausal status

Pre-menopause 11 3 8 0.086
Post-menopause 11 8 3

Node status

Negative 3 1 2 1.000
Positive 19 10 9

1–3 nodes 16 8 8

4–9 nodes 3 2 1

Tumor grade

1 0 1 0.586
2 10 8

3 1 2

Receptor status

Negative 5 2 3 1.000
Positive 17 9 8
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significant differences in the incidence of G3 neutropenia, G3/
4 neutropenia, and FN (P = 0.355, P = 0.150, and P = 1.000,
respectively). G3 thrombocytopenia occurred in 4 patients in
the pegfilgrastim arm and none in the filgrastim arm. The
trend of ANCs during the study period is shown in Fig. 1.

Incidence of non-hematologic toxicities

Grade 3 or higher adverse events were rare in both
prophylactic regimen arms, and G3 hyperglycemia oc-
curred in 1 of 11 patients (9.1%) in both groups. One
patient in the filgrastim arm experienced G3 syncope.
There were no significant differences in the number of
patients who experienced G1/2 bone pain and G1/2 my-
algia between the filgrastim arm and the pegfilgrastim
arm (6 of 11 patients vs. 6 of 11 patients, P = 1.000,
and 5 of 11 patients vs. 9 of 11 patients, P = 0.183,
respectively), as well as in the incidence of G1/2 bone
pain and G1/2 myalgia during the entire cycles (12 of
33 cycles vs. 9 of 33 cycles, P = 0.598, and 8 of 33 cy-
cles vs. 16 of 33 cycles, P = 0.072, respectively).
However, the incidence of G1 myalgia between two
prophylaxes group were significantly different between
the filgrastim arm and the pegfilgrastim arm (3 of 33 cy-
cles vs. 12 of 33 cycles, P = 0.017). There was no se-
rious adverse event in both arms during the entire study
period. The incidences of non-hematologic toxicities that
occurred in two or more patients are shown in Table 5.

Discussion

We report that in a pilot study involving 22 patients with
breast cancer receiving adjuvant TAC chemotherapy, there
were no significant difference between those who received
intermittent every other days of 5-dose filgrastim and those
who received once-a-cycle pegfilgrastim in terms of incidence
of FN and G4 neutropenia. The two groups also did not show
significant difference in the mean ANC at most time points.

The occurrence of FN often calls the need for hospitali-
zation and treatment with intravenous antibiotics, and may
be fatal in serious cases. Moreover, chemotherapy delay and
dose reduction may be required in the cycles following the
occurrence of FN. Primary prophylactic use of G-CSFs is
useful in this regard in that they significantly decrease the
incidence of FN and other hematologic and non-hematologic
toxicities. The effectiveness of G-CSF and pegfilgrastim had
been demonstrated in two studies [16, 17], and recent re-
views have shown that prophylactic G-CSFs decrease not
only the risk of FN but also treatment-related deaths and
infection-related mortality. Accordingly, the American
Society of Clinical Oncology (ASCO) guidelines recom-
mend the use of primary prophylaxis with G-CSFs in the
first and subsequent chemotherapy cycles for patients receiv-
ing chemotherapy regimens with a high risk of FN (> 20%)
[18]. Similarly, the European Organization for Research and
Treatment of Cancer [19] and the National Comprehensive
Cancer Network [20] guidelines also recommend the use of
G-CSFs in such patients.

Table 3 Mean ANC during the
study period Cycle 1 Cycle 2 Cycle 3

Filgrastim Pegfilgrastim Filgrastim Pegfilgrastim Filgrastim Pegfilgrastim

D1 3625 ± 314 3456 ± 428 6880 ± 1243 6178 ± 1024 6272 ± 1056 6650 ± 767

D7 2143 ± 916* 271 ± 92* 1590 ± 833 1495 ± 415 2036 ± 731 1598 ± 1003

D9 1307 ± 451 1249 ± 316 1464 ± 845 1634 ± 368 892 ± 411** 2694 ± 646**

D14 5555 ± 1023 4747 ± 442 5876 ± 962 5785 ± 365 7343 ± 1371 5773 ± 575

*P = 0.072

**P = 0.030

Table 2 Study schedule
Dose D1 D2 D3 D5 D7 D9 D11 D14

Docetaxel 75 mg/m2 ●
Adriamycin 50 mg/m2 ●
Cyclophosphamide 500 mg/m2 ●
Filgrastim 5 mcg/m2 ● ● ● ● ●
Pegfilgrastim 6 mg ●
Blood sampling ● ● ● ●
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An increasing body of evidence supports the use of che-
motherapeutic agents at full and planned doses when admin-
istered with curative intent. Notably, clinical results from
30 years of follow-up in patients with breast cancer showed
that patients receiving at least 85% of the planned chemother-
apy dose had significantly higher rate of relapse-free survival
and overall survival [21]. The use of G-CSFs results in signif-
icantly higher quality-of-life scores in patients treated with
TAC [14]; however, there is a lack of data concerning the
impact of G-CSFs on disease-free and overall survival [2].
Active chemotherapy regimens such as TAC often entail sig-
nificant risk of FN, and its high incidence of first-cycle FN
supports the need to start G-CSF and pegfilgrastim from the
first cycle. A recent cost-minimization analysis showed that
first-cycle use of pegfilgrastim may be cost-neutral in patients
in whom the predicted risk of FN is less than 20% [22]. The
incidence of FN in breast cancer patients treated with TAC
ranges from 24.7% to 38% [23–25], which are higher than the
20%-cutoff value for indication of primary prophylactic G-
CSF use according to ASCO guidelines. Therefore, FN sub-
stantially affects chemotherapy outcomes, patient quality of

life, and treatment costs by delaying chemotherapy or reduc-
ing the dose thereof.

According to the manufacturer’s recommendations (Amgen:
Neupogen™), filgrastim are started at 24 h after the last dose of
chemotherapy and continued either until ANC has recovered to
within the normal range or for 14 days. Several clinical studies
have shown that 10–11 days of filgrastim treatment is required
for optimal prophylaxis against FN [8, 26]. However, for eco-
nomic reasons and patient convenience, it has been common
practice to initiate filgrastim at a later day in the cycle or to use a
shorter course of treatment [11, 12, 27, 28]. In the BCIRG 004
Trial that compared filgrastim and leridistim for the prevention
of neutropenic complications in patients with advanced or met-
astatic breast cancer receiving TAC chemotherapy, the inci-
dence of FN was 7% in the filgrastim arm and grade 4 neutro-
penia occurred in 85% of patients (53% of cycles); in this trial,
patients received G-CSFs on D2 following the administration
of TAC until the post-nadir ANC exceeded 1500 cells/mm3

[29]. In the GEICAM 9805 Trial on adjuvant TAC, the percent-
age of patients who experienced FN in one or more cycles by
the NCI-CTC definition were 27.2% and 7.5% in TAC-pre
(ciprofloxacin only) and TAC-post groups (filgrastim + cipro-
floxacin), respectively [14]. In the GEPARTRIO study that
compared pegfilgrastim ± ciprofloxacin vs. filgrastim or cipro-
floxacin in patients receiving neoadjuvant TAC chemotherapy,
the incidence rates of FN in daily filgrastim arm and ciproflox-
acin were 18% and 22% of patients, respectively (5% and 5%
of cycles, respectively), and the incidence rates of grade 4 neu-
tropenia were 58% and 62%, respectively (27% and 33% of
cycles, respectively) [10]. Notably, whereas the GEICAM Trial
used 7-daily filgrastim at days 4–10, the GEPARTRIO study
used 6-daily filgrastim at days 5–10 regardless of the manufac-
turer’s recommendation. These two studies, which used con-
secutive 6 or 7-daily filgrastim schedules, reported incidence of
FN (7%–18%)— this was comparable with the result of the
BCIRG 004 trial that used single G-CSF on D2 and continued
it until the post-nadir ANC exceeded 1500 cells/mm3. In light

Table 4 Incidence of FN, grade 3 and grade 4 neutropenia per patients
and per cycles

Filgrastim (N = 11) Pegfilgrastim (N = 11)

Febrile neutropenia

Number of patients 0/11 (0%) 1/11 (9.1%)

Number of cycles 0/33 (0%) 1/33 (3.0%)

Grade 3 neutropenia

Number of patients 0/11 (0%) 2/11 (18.2%)

Number of cycles 1/33 (3.0%) 4/33 (12.1%)

Grade 4 neutropenia

Number of patients 11/11(100%) 9/11 (81.8%)

Number of cycles 28/33 (84.8%) 18/33 (54.5%)

Fig. 1 Box plot of ANC during the study period

870 Invest New Drugs (2020) 38:866–873



of these results, we used short-course filgrastim instead of full-
course with the expectation that the short-course would show
similar efficacy to pegfilgrastim.

It may be possible that there are wide fluctuations in pa-
tients’ ANC over time during alternate or intermittent
filgrastim administration. However, there was no significant
difference in the clinical outcomes between daily- or
intermittent-dose filgrastim schedules in a previous literature
[15]; therefore, the intermittent every other days 5-dose of
filgrastim schedule can be presumed to have clinical outcomes
comparable with those of consecutive 6 or 7-daily filgrastim
schedules in terms of the coverage of ANC nadir [10, 14].
This justifies the aim of this pilot study in comparing the
intermittent every other days of 5-dose of filgrastim with
once-a-cycle pegfilgrastim.

In our current study, FN occurred in one case in the
pegfilgrastim arm and none in the filgrastim arm, and no sig-
nificant difference in clinical outcomeswas found between the
two arms. However, the incidence of G4 neutropenia per cycle
was significantly more frequent in the filgrastim arm than in
the pegfilgrastim arm (84.8% [28 of 33 cycles] vs. 54.5% [18
of 33 cycles], P = 0.015). This result seems to suggest that the
short-course of filgrastim or intermittent every other day of

filgrastim is somewhat suboptimal for use in adjuvant TAC
chemotherapy. However, it should be noted that the incidence
rates of G4 neutropenia are generally higher than those of
previous studies on filgrastim (100% in the current study vs.
58–85% in previous studies, and 84.8% in current study vs.
27–53% in previous studies) [10, 29] and pegfilgrastim
(72.8% in current study vs. 37% in a previous study, and
54.5% in current study vs. 15% in a previous study) [10].
Considering that we employed the same kind regimen for
filgrastim and pegfilgrastim, the high incidence of G4 neutro-
penia in both filgrastim and pegfilgrastim arm in this study
may reflect the limitation of the nature of a pilot study involv-
ing a small number of patients. Therefore, the difference in the
incidence of G4 neutropenia between the two regimens in this
study should be interpreted with caution, and confirmed by
large-sized future studies.

Our study is limited in that due to funding issues, the study
period only spanned the first 3 cycles of adjuvant chemotherapy
and could not cover the whole 6 cycles as originally planned.
Also, when this study was designed, pegfilgrastim was not cov-
ered byNational Health Insurance inKorea. However, during the
course of study, it has been possible that the pegfilgrastim re-
ceives the National Health insurance benefits. Therefore, there

Table 5 Incidence of non-
hematologic toxicities Filgrastim (N = 11) Pegfilgrastim (N = 11)

Total G1 G2 G3 Total G1 G2 G3

Abdominal pain 4 3 1 0 3 2 1 0

Allergic rhinitis 1 0 1 0 1 1 0 0

Alopecia 0 0 0 0 2 0 2 0

Anorexia 10 7 3 0 9 7 1 1

Bone pain 6 1 5 0 6 2 4 0

Constipation 3 2 1 0 6 6 0 0

Cough 1 0 1 0 1 1 0 0

Diarrhea 5 3 2 0 5 4 1 0

Dysgeusia 9 8 1 0 9 9 0 0

Fatigue 3 2 1 0 6 4 2 0

Gastritis 2 2 0 0 3 2 1 0

Generalized muscle weakness 0 0 0 0 2 2 0 0

Headache 0 0 0 0 2 2 0 0

Hemorrhoids 2 2 0 0 1 1 0 0

Hyperglycemia 1 0 0 1 1 0 0 1

Insomnia 2 0 2 0 2 2 0 0

Lymph edema 1 1 0 0 1 1 0 0

Mucositis oral 3 2 1 0 2 2 0 0

Myalgia 5 1 4 0 9 6 3 0

Nausea 5 5 0 0 7 7 0 0

Peripheral sensory neuropathy 1 1 0 0 1 1 0 0

Skin hyperpigmentation 1 1 0 0 1 1 0 0

Syncope 1 0 0 1 1 1 0 0
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was no reason for patients to participate in this research as socio-
economic advantage was gone away.

In conclusion, through a pilot study on 22 patients with
breast cancer, we found that the two prophylactic regimens
(intermittent every other days of 5-dose filgrastim and once-
a-cycle pegfilgrastim) show comparable outcomes in the inci-
dence of FN and G4 neutropenia as well as mean ANC.
Intermittent every other days 5-dose of filgrastim may be a
viable alternative to pegfilgrastim when the use of
pegfilgrastim is hindered due to economic reasons.
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