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Abstract
Granulocyte-colony stimulating factor (G-CSF) stimulates bone marrow progenitor cell proliferation and enhances neutrophil
production. Exogenous G-CSF administration is indicated for chemotherapy-induced neutropenia management. However,
there is a paucity of basic research examining the effects of the concomitant use of G-CSF and chemotherapy on myeloid cells
in vivo. Whether concomitant G-CSF and chemotherapy adversely affect myeloid cell proliferation have not been determined.
Herein, we examined the effects of the concomitant use of pegfilgrastim and 5-fluorouracil on myeloid cells and peripheral
blood cells in mouse models. Balb/c mice were treated intraperitoneally with 5-fluorouracil (20 μg/g b.w.) or a vehicle as a
control for 5 days, and pegfilgrastim was administered subcutaneously at 1 μg/g b.w. on day 3. As a result, we demonstrated
that the concomitant use of pegfilgrastim suppressed the 5-fluorouracil-induced decrease of granulocytic cells in both bone
marrow and peripheral blood in mice. To assess the clinical efficacy of early administration of pegfilgrastim during docetaxel, cisplatin, and 5-fluorouracil therapy in patients with esophageal cancer, we retrospectively identified 42 consecutive
patients treated with this regimen. The incidence of both febrile neutropenia and grade 4 neutropenia was significantly lower
in patients who received pegfilgrastim than in those who did not receive it (P = 0.002 and P = 0.002, respectively). These
results suggest that the concomitant use of pegfilgrastim and chemotherapy, consisting of continuous infusions of 5-fluorouracil, improved chemotherapy-induced neutropenia without detrimental effects on proliferating myeloid granulocytic cells.
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5-FU	5-Fluorouracil
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CIN	Chemotherapy-Induced Neutropenia
DCF	Docetaxel, Cisplatin, 5-Fluorouracil regimen

FN	Febrile Neutropenia
FCS	Fetal calf serum
G-CSF	Granulocyte-Colony Stimulating factor
PEG-G	Pegfilgrastim
PBS	Phosphate buffered salts
SEM	Standard error of mean
RPMI	Roswell Park Memorial Institute
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Granulocyte-colony stimulating factor (G-CSF) is known
to stimulate the proliferation, maturation, and migration of
bone marrow neutrophils, and exogenous G-CSF administration to patients receiving myelosuppressive chemotherapy results in the resolution of chemotherapy-induced
neutropenia (CIN) and febrile neutropenia (FN). Severe
CIN and FN increase the risk of infection, leading to
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patient hospitalization, chemotherapy dose reduction, and
an increased risk of mortality. G-CSF is primarily recommended for the prevention of FN in patients receiving highrisk chemotherapy regimens [1, 2]. Pegfilgrastim (PEG-G), a
long-acting pegylated form of G-CSF, is approved to prevent
FN and is increasingly being employed with high-risk chemotherapy for a spectrum of tumors. A vast majority of studies
have revealed that prophylactic PEG-G therapy showed better efficacy in terms of reducing the incidence of CIN, FN,
and neutropenia-related hospitalizations compared to daily
G-CSF or no G-CSF therapy [3]. Moreover, a systematic
review by Lyman et al. showed that prophylactic G-CSF
therapy, including PEG-G, could improve cancer survival
[4]. According to guidelines [2, 5], the timing of PEG-G
administration is based on the theoretical concern that the
stimulation of bone marrow progenitors by G-CSF might
increase the pool of precursors vulnerable to cell cyclespecific chemotherapy and, paradoxically, adversely affect
myeloid cell proliferation and enhance hematologic toxicity
[6, 7]. However, for some chemotherapy regimens, especially those consisting of continuous infusions of 5-fluorouracil (5-FU), such as docetaxel, cisplatin, and 5-FU (DCF)
therapy, G-CSF administration beginning 24 h after stopping
chemotherapy is too late for prophylactic administration, as
the absolute neutrophil count (ANC) nadir appears earlier
than 24 h [8].
Several clinical studies evaluating the concomitant dosing
of G-CSF in patients undergoing myelosuppressive chemotherapy have shown controversial results. Some reports
showed that same-day dose of cytotoxic drugs and G-CSF,
including PEG-G, is safe and effective [9–19], whereas others showed that concomitant use of G-CSF enhanced myelotoxicity or was less efficacious in reducing the duration and
severity of CIN [6, 20–22]. It is important to note that there
were differences in chemotherapy regimens used between
these reports, which may explain the conflicting evidence.
As far as the regimens including continuous 5-FU administration (i.e., DCF, 5-FU, leucovorin, and oxaliplatin [FOLFOX], and 5-FU, leucovorin, and irinotecan [FOLFIRI]) are
concerned, we and others have shown that the concomitant
use of PEG-G and these chemotherapy regimens appears to
be safe and effective [12, 13, 15]. A retrospective study by
Linot et al. showed the safety and efficacy of administering
PEG-G on day 3 of DCF therapy for head and neck cancer
[12]. Moreover, our prospective clinical trial showed that
the concomitant administration of PEG-G at day 3 of DCF
therapy using 5-FU as primary prophylaxis for patients with
esophageal cancer was safe and reduced the risk of severe
CIN and FN [15].
While clinical studies show the efficacy of the simultaneous administration of PEG-G and continuous 5-FU
infusion regimens [12, 13, 15], there is a paucity of basic
research examining the effects of concomitant administration
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of PEG-G and 5-FU on the proliferation, maturation, and
migration of granulocytes in the bone marrow. This study
aimed to evaluate the effect of PEG-G on granulocytes in
the bone marrow using a mouse model in terms of safety.
In addition, data regarding CIN and FN in 42 consecutive
patients with esophageal cancer who received DCF therapy
from July 2018 to March 2021 were retrospectively analyzed
and compared between patients with and without concomitant dosing of PEG-G.

Materials and methods
Mice and reagents
PEG-G (pegfilgrastim, G-Lasta®) was purchased from
Kyowa Hakko Kirin Co., Ltd. (Tokyo, Japan). 5-FU, Fetal
calf serum (FCS), and Roswell Park Memorial Institute
(RPMI) 1640 medium were purchased from Wako (Osaka,
Japan). Phosphate Buffered Salts (PBS) were obtained from
Takara Bio Inc (Shiga, Japan). The BrdU Flow Kit and BD
Pharm Lyse™ were obtained from Thermo Fisher Scientific
(Waltham, MA), and the phycoerythrin-conjugated antibodies Gr1 (rat anti-mouse Ly-6G) was obtained from Thermo
Fisher Scientific (Waltham, MA).
Female Balb-c mice (aged 6–8 weeks) from Shimizu Laboratory Supplies Co. Ltd. (Kyoto, Japan) were used in all
experiments. Mice were acclimatized in an air-conditioned
(22 ± 2 °C) room with a 12-h light/dark cycle. All animal
experiments were approved by the Institutional Animal Care
and Use Committee of Kyoto Prefectural University of Medicine under Assurance Number M2020-148.

Treatment protocols
In the mice models, 5-FU was administered at a dose of
20 μg/g b.w. intraperitoneally for 5 days (day 1–day 5), and
PEG-G was administered at a dose of 1 μg/g b.w. by subcutaneous injection on day 3.

Peripheral blood and bone marrow assessment
Blood (20 μL per mouse per time point) was collected
from the tails of each mouse on days 1, 5, 7, 9, 11, and
14 (n = 12 per group except for day 5, n = 4 per group for
day 5). Nucleated cells in the blood were counted microscopically, and differential counting was performed from
May-Grunwald-Giemsa-stained smears. On days 6, 8, and
10, BrdU (100 μL, 10 mg/mL), a thymidine analog, was
injected intraperitoneally into the mice, who were sacrificed
by overdose with pentobarbital (150 mg/kg b.w., intraperitoneal) 1 h later. After confirming the death of the mice due
to the cessation of breathing and heartbeat, the femurs were
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removed for bone marrow analysis. Bone marrow cells were
isolated from the crushed femur (n = 3–4 per group). The
erythrocytes in the bone marrow were lysed in BD Pharma
Lyse buffer (15 min, 20 °C). The cells were spun down,
the supernatant was discarded, and the lysis procedure was
repeated. The cells were then spun down and resuspended
in PBS. The cells were resuspended in 2 mL of staining
buffer, and 200 μL of the solution was used for the following
procedure. Samples were transferred to a V-bottom 96-well
plate, spun down, and labeled with 20 μL Gr1 phycoerythrin
(1:40, 30 min on ice in the dark). Cells were washed, permeabilized, immobilized, DNAse treated, washed, and labeled
with antibodies to BrdU incorporating DNA, as described by
the BrdU kit manufacturer. The labeled sample was analyzed
with a BD FACS Canto ™ II flow cytometer.

Flow cytometry assay
The bone marrow cells were surface-labeled with the fluorescence-conjugated Gr1 antibody combined with antibodies
to BrdU and analyzed by flow cytometry. Unstained bone
marrow cells were used as a negative control. Gr1+ cells
were considered granulocytes, and B
 rdU+ cells were considered to be in the proliferative phase. Gr1+ and Gr1+BrdU+
cells were counted by flow cytometry and analyzed by their
absolute numbers.
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The Medical Ethics Review Committee at Kyoto Prefectural University of Medicine approved this study (approval
no. ERB-E-42). All procedures were performed in accordance with the ethical standards of the Medical Ethics Review
Committee of Kyoto Prefectural University of Medicine and
the Declaration of Helsinki. Due to the retrospective nature
of this work, the Medial Ethics Review Committee of Kyoto
Prefectural University of Medicine waived the requirement
for informed consent from individual participants included
in the study.

Statistics
Results are presented as means and standard deviation (SD).
Statistical significance of differences was assessed using
Student’s t test or the Mann–Whitney U test for normally
and non-normal distributed samples, respectively. The Chisquare test or Fisher’s exact test was used to compare categorical variables between two groups. When comparing
multiple groups, the Kruskal–Wallis test followed by the
post-hoc test (Dunn test) was used for non-normally distributed samples. P values < 0.05 were considered statistically
significant. All analyses were performed using PRISM version 7.00 (GraphPad Software, Inc., San Diego, CA).

Result

Clinical cohort

Trajectory of peripheral blood neutrophils of mice

To assess the clinical effect of early administration of
PEG-G during DCF therapy for esophageal cancer patients,
we retrospectively identified 42 consecutive patients treated
with DCF between July 2018 and March 2021 in University
Hospital, Kyoto Prefectural University of Medicine. Chemotherapy consisted of an infusion of docetaxel (70 mg/m2
per day) and cisplatin (70 mg/m2 per day) and continuous
infusions of 5-FU (700–750 mg/m2 per day) on days 1–5.
PEG-G was administered as a single subcutaneous injection at a dose of 3.6 mg on day 3 at the treating physician’s
discretion. We evaluated the incidence of grade 4 neutropenia and FN and the incidence of delayed chemotherapy and
dose reduction of cytotoxic drugs in cycle two. We compared these between two groups of patients; one consisting
of those who received PEG-G and the other group of those
who did not. Moreover, we evaluated the antitumor effect
of the treatment. The clinical response rate was defined as
an obvious reduction in tumor size evaluated by computed
tomography and/or endoscopic examination after 2 cycles of
DCF therapy. For patients who underwent surgery, the clinical response rate was defined as the R0 resection (no residual
tumor) rate and pathological response based on the Japanese
Classification of Esophageal Cancer (11th edition) [23].

The peripheral blood neutrophil profile after the administration of PEG-G alone on day 3 is shown in supplementary
figure S1. PEG-G treatment on day 3 elicited an increase in
peripheral blood neutrophil count by more than 2.5 times
4 days after PEG-G administration (on day 7), and the ANC
returned to near baseline value 6 days after PEG-G administration (on day 9). In the mice treated with 5-FU from day
1 to day 5, nadir was observed on day 7, and mean ANC
in the nadir was approximately 30% of the baseline value,
a significant decrease (P < 0.001, Fig. 1). Post nadir, ANC
gradually recovered and returned to baseline around day 11.
Conversely, in the mice treated with concomitant PEG-G
and 5-FU, PEG-G elicited an initial increase in ANC above
baseline on day 5. Thereafter, the ANC decreased slightly
on day 7, but the value did not fall below the baseline value.
The mean ANC on day 7 and day 9 in the 5-FU + PEG-G
group was significantly higher than those on day 7 and day 9
in the 5-FU group, respectively (P < 0.001, Fig. 1). The ANC
of the 5-FU + PEG-G group increased to more than double
the baseline value on day 9 and returned to near baseline
value on day 11. In the 5-FU + PEG-G group, the ANC did
not decrease significantly compared to baseline throughout
the observation period (Fig. 1).
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Fig. 1  Absolute neutrophil count (ANC) trajectory of each group. In
mice models of 5-FU-induced neutropenia, nadir was observed on
day 7. A single injection of PEG-G (1 µg/g b.w.) on day 3 suppressed
5-FU-induced neutropenia. In the 5-FU + PEG-G group, ANC did not
decrease significantly compared to baseline throughout the observation period. Values are presented as means with standard deviations.
Differences between the two groups at each time point were exam-

ined using the Mann–Whitney U test. The differences were examined
using the Kruskal–Wallis test followed by the Dunn post-hoc test for
comparison of the values at each time point relative to the values at
day 1 in each treatment group. *p < 0.001 vs. ANC of 5-FU-treated
mice on day 1, ♯p < 0.001 vs. ANC of 5-FU-treated mice on day 7,
†p < 0.001 vs. ANC of 5FU + PEG-G-treated mice on day 9

Quantitative evaluation of proliferating
granulocytes in the bone marrow

undifferentiated type (Gr1-weakly positive(dim), BrdU-positive) and differentiated type (Gr1-strongly positive(high),
BrdU-positive) and examined (supplementary figure S2).
The number of both types of proliferating granulocytes on
each day was not significantly different from that of the control, and there was also no difference between the two groups
on each day (supplementary figure S2). These results demonstrated that the concomitant use of PEG-G and 5-FU had
no detrimental effects on the proliferating activity in bone
marrow granulocytes.

We investigated the cellular composition of bone marrow
stimulated with PEG-G during 5-FU therapy. The proliferating activity in bone marrow granulocytes was analyzed with
flow cytometry. Histograms of representative bone marrow
cells for each day are shown in Fig. 2. Granulocytic cells
(Gr1+ with both B
 rdU+ and B
 rdU−) significantly decreased
on day 8 in the 5-FU-treated mice compared to the control
(non-treated) mice (P < 0.05), whereas they did not decrease
in mice treated with concomitant PEG-G and 5-FU (Fig. 3a).
The number of G
 r1+ bone marrow cells on day 8 in the
PEG-G group was significantly higher than that in the 5-FU
alone group (P = 0.029), and the numbers in both groups
increased thereafter (Fig. 3a). As for the proliferating granulocytes (Gr1+BrdU+), the absolute number in both groups
tended to decrease from day 8, but there was no significant
difference compared to that of the control group (Fig. 3b).
Furthermore, there was no difference in the number of proliferating granulocytes between the two groups on each
day. Next, proliferating granulocytes were classified into
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Preventive effect of PEG‑G on severe neutropenia
and FN in DCF therapy for patients with esophageal
cancer
At the start of treatment, there was no difference in age,
gender, performance status, tumor location, clinical stage,
body mass index, prophylactic use of antibiotics, or ANC
between the PEG-G-treated group and the control group.
The dose of 5-FU was significantly higher in the PEG-Gtreated group (P < 0.05, Table 1). The histological type was
mostly squamous cell carcinoma, but adenocarcinoma was
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Fig. 2  Dot blot presentation of representative bone marrow cells for
each day (days 6, 8, and 10). The proliferating activity in bone marrow granulocytes was analyzed with flow cytometry. Gr1+ cells were
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Fig. 3  Bone marrow granulocyte trajectory of each group. a 5-FUtreatment led to a significant decrease in bone marrow granulocytes
(Gr1-positive cells), and the number in PEG-G-treated mice on day 8
was significantly higher than that of 5-FU-treated mice. b The number of proliferating granulocytes (both Gr1+ and BrdU+ cells) did not
differ significantly between the two groups on each day. Values are
shown on a natural logarithmic scale; horizontal bars represent the

mean. Differences between the two groups at each time point were
examined using the Mann–Whitney U test. The differences were
examined using the Kruskal–Wallis test followed by the Dunn posthoc test for comparison of the values at each time point relative to the
control in each treatment group. *p < 0.05, ♯p < 0.05 vs. the number
of bone marrow granulocytes (Gr1+ cells) of control, n.s., not significant

included in one case in each group, and basaloid-squamous
cell carcinoma was included in two cases in the PEG-Gtreated group.

The incidence of FN in the first course was 8.7% (2/23)
in the PEG-G-treated group, which was significantly lower
than that of the control group (52.6%) (P = 0.002, Table 2).
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Clinical characteristics

PEG-G-treated group
n = 23

Control group
n = 19

P

Age, median < range >
Gender, no
male / female
ECOG/PS, no
0/1
Tumor location, no
Upper esophagus
Middle esophagus
Distal esophagus
Clinical Stage, no
I/ II / III/ IVa
Histology
SqCC / Adenocarcinoma / Basaloid
BMI, mean ± SD
Myelosuppressive drugs, mean ± SD
5-fluorouracil (mg/m2)
Cisplatin (mg/m2)
Docetaxel (mg/m2)
Prophylactic use of antibiotics, no
ANC at the start of the first cycle of chemotherapy, mean ± SD

66 < 50—76 >

68 < 46—78 >

0.751

19/4

14/5

0.483

19/4

14/5

9
12
2

5
11
3

0.483
0.602

1 / 1 / 18 / 3

0 / 3 / 15 / 1

20 / 1 / 2
20.53 ± 0.631

18 / 1 / 0
20.29 ± 0.694

0.794

739.565 ± 8.682
68.609 ± 0.948
68.783 ± 0.769
1
4947 ± 428.95

708.421 ± 9.552
68.526 ± 1.043
69.263 ± 0.846
0
4086 ± 471.95

0.021
0.954
0.676
0.358
0.185

0.404
0.419

ECOG Eastern Cooperative Oncology Group, PS performance status, SqCC squamous cell carcinoma,
Basaloid Basaloid-squamous cell carcinoma, BMI body mass index, ANC absolute neutrophil count

Table 2  Incidence of
neutropenia, febrile neutropenia,
treatment delay, and treatment
efficacy

PEG-G-treated group Control group P
n = 23
n = 19
Neutropenia, no.(%)
Grade4
Grade3
Febrile neutropenia, no.(%)
Treatment delay or dose reduction of 2nd cycle of chemotherapy due to hematotoxicity*, no.(%)
ANC at the start of 2nd cycle of chemotherapy, mean ± SD
Clinical response, no.(%)
Residual tumor, no
R0 / R1 + R2
Pathological response†, no
Grade0 + Grade1 / Grade2 + Grade3

5 (21.7)
7 (30.4)
2 (8.7)
4 (19.0)

13 (68.4)
5 (26.3)
10 (52.6)
6 (35.3)

0.002
0.769
0.002
0.258

4952 ± 469.9
15 (65.2)

4372 ± 522.3
6(35.3)

0.414
0.06

15 / 4

12 / 5

0.563

12 / 7

11 / 6

0.923

* Frequency of events was calculated on the total number of patients received the 2nd cycle treatment
(n = 21 for PEG-G-treated group, n = 17 for control group)
†

Grade3 indicates no viable cancer cells. Grade2 indicates viable cancer cells accounting for less than 1/3
of tumor tissue, while other cancer cells are severely degenerated or necrotic. Grade 1 indicates viable cancer cells accounting for 1/3 or more of the tumor tissue. Grade 0 indicates no recognizable cytological or
histological therapeutic effect

The incidence of grade 4 neutropenia was 21.7% (5/23) in
the PEG-G-treated group, which was also significantly lower
than that of the control group (68.4%) (P = 0.002, Table 2).
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The frequency of the chemotherapy delay or dose reduction
of the second cycle of chemotherapy due to hematotoxicity was lower and the mean ANC at the start of the second
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cycle of chemotherapy was higher in the PEG-G-treated
group compared to the control group, but neither reached
a significant level. The clinical response rate tended to be
higher in the PEG-G group than the control group (65.2%
vs. 35.3%, P = 0.06). There was no significant difference in
R0 resection and histological response (grade 2 or higher)
rates between the two groups (Table 2).

Discussion
The efficacy and safety of the concomitant administration
of G-CSF and myelosuppressive chemotherapy have not
yet been fully investigated. There is the theoretical concern
that neutrophilic progenitor cells, which are in the process
of differentiation and proliferation by G-CSF, may be more
severely damaged by cytotoxic drugs, and conversely, excessive neutropenia may occur [5, 24]. However, no basic study
has been done to substantiate this hypothesis, and there is
still a considerable paucity of experimental findings about
the effects of such combination therapy on the proliferation,
maturation, and migration of granulocytes in the bone marrow. In this study, we demonstrated that the concomitant use
of PEG-G and 5-FU did not enhance 5-FU-induced damage
of proliferating granulocytes in the bone marrow of mice
models. Moreover, we have shown that the concomitant use
of PEG-G during DCF therapy significantly reduced severe
CIN and FN in patients with esophageal cancer. To the best
of our knowledge, this study is the first to substantiate the
safety and efficacy of simultaneous administration of G-CSF
and a cytotoxic drug using an experimental model.
In this mice model of 5-FU-induced neutropenia, daily
administration of 5-FU for 5 days significantly reduced
peripheral blood ANC to approximately 30% of the baseline value. On the other hand, the ANC in the PEG-G group
did not decrease from baseline throughout the observation
period. In the analysis of bone marrow granulocytic cells,
5-FU treatment significantly decreased the number of bone
marrow granulocytic cells ( Gr1+ cells) on day 8 compared
to controls (non-treated mice). The administration of PEG-G
on day 3 suppressed the 5-FU-induced decrease of bone
marrow granulocytic cells. Since there was a concern about
the detrimental effect of the concomitant use of PEG-G with
5-FU on proliferating myeloid granulocytic cells [5, 24], to
test this hypothesis, additional studies were conducted focusing on the proliferating granulocytic cells in the bone marrow [25–27]. By the concomitant use of PEG-G with 5-FU,
the number of proliferating granulocytic cells (Gr1+BrdU+
cells) was not lower than the number of the cells in the 5-FU
alone group throughout the observation period. These results
disprove the hypothesis that PEG-G concomitant use with
5-FU has a detrimental effect on proliferating granulocytic
cells, at least in this regimen. The results observed in this
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study reinforce the validity of previous studies demonstrating the efficacy and safety of early PEG-G administration in
DCF therapy in patients with esophageal cancer [12, 15] and
have great clinical significance.
In clinical study, the frequency of grade 4 neutropenia
(21.7% vs. 68.4%) and FN (8.7% vs. 52.6%) was significantly lower in the PEG-G group, despite the significantly
higher administration of 5-FU in that group. Both FN and
grade 4 neutropenia frequencies in the PEG-G group were
lower than those in the previous reports [28, 29] in DCF
therapy without preventive measures, such as prophylactic
use of G-CSF or antibiotics. Moreover, all patients who
developed FN and grade 4 neutropenia in the PEG-G group
recovered rapidly in a short period of time (1–4 days) without serious complications. Furthermore, ANC at the start
of the second cycle of chemotherapy tended to be higher in
the PEG-G group. These results suggest that early administration of PEG-G in DCF therapy may improve treatment safety and contribute to the completion of scheduled
treatment. This study did not provide evidence to suggest
that administering early PEG-G treatment enhanced other
DCF therapy-related toxicities, such as thrombocytopenia
and gastrointestinal toxicity. However, when applying this
method, it is necessary to monitor the increase in toxicityrelated adverse events as relative dose intensity is ensured.
In this retrospective study, the response rate was higher in
the PEG-G group, despite the difference being non-significant (65.2% vs 35.3%, P = 0.06). Dose-dense chemotherapy
with prophylactic PEG-G is highly expected to improve the
treatment efficacy, and it is necessary to verify the effect on
therapy efficacy in more cases in the future.
In the mouse model used in this study, 5-FU was administered intraperitoneally each day for 5 days but was not
administered continuously over 24 h for 5 days as in clinical
DCF therapy. Furthermore, in this mouse model, docetaxel
and cisplatin were not administered, so it is not a complete
reproduction of clinical DCF therapy. Cancer-bearing leads
to significant changes in humoral and cellular immunoresponses, and these changes include levels of various circulating cytokines including G-CSF, resulting in modulating
the number and function of granulocytes [30]. Therefore,
experiments with non-cancer-bearing mice rather than cancer-bearing mice may also affect the results.
The results of this study indicate the safety of the simultaneous combination of PEG-G and some chemotherapy regimens consisting of continuous 5-FU administration, but the
concomitant use of PEG-G with myelosuppressive chemotherapy cannot be recommended in general. The safety of
simultaneous use of prophylactic PEG-G should be carefully
evaluated for each regimen.
In conclusion, using a mouse model, we demonstrated
that the concomitant use of PEG-G with 5-FU improved
5-FU-induced neutropenia without a detrimental effect on
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proliferating myeloid granulocytic cells. Early administration of PEG-G, as primary prophylaxis in DCF therapy,
is expected to be effective and safe in reducing the risk of
severe neutropenia and FN.
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