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INTRODUCTION

Breast cancer is one of the most commonly diagnosed
cancers in women. Breast cancer causes more than
502,000 deaths each year in the world and the trend is
increasing in Iran."?

Systemic chemotherapy reduces the risk of recurrence
and improves overall survival in women with
early-stage breast cancer.’! One of the frequent side
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effects of chemotherapy is myelosuppression. Due to
neutropenia, the chemotherapy dose is reduced and/or
the treatment is delayed. Therefore, for a more efficient
treatment, the severity and duration of neutropenia
should be diminished.?*

Filgrastim (r-metHuG-CSF) is used to stimulate the
production of granulocytes, improve the function
of mature neutrophil, and consequently ameliorate
neutropenia.”! The half-life of filgrastim action is
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3—4 h and must be used daily.! Pegfilgrastim or generic
pegylated granulocyte-colony stimulating factor (G-CSF)
is a pegylated form of filgrastim with a longer half-life of
15-80 h.1I Because of the generic pegylated G-CSF’s longer
period of action, it can be used as single dose, offering
an advantage over the daily administration of G-CSF.
Moreover, fewer injections lead to higher compliance of
generic pegylated G-CSF over G-CSF.™!

Administration of pegfilgrastim in the breast cancer patients
was evaluated in the study by Invernizzi et al. Pegfilgrastim
increased neutrophil numbers in patients treated with dose
dense chemotherapy and prolonged neutrophil survival
and neutrophil functions.”

In one study, no significant difference was found
between filgrastim and pegfilgrastim among the patients
receiving hyper-CVAD chemotherapy.® Furthermore, a
single injection of 100 ug/kg pegfilgrastim was similar
to daily filgrastim in absolute neutrophil count (ANC)
in patients receiving a myelosuppressive chemotherapy
regimen.!

The single-dose injection of generic pegylated G-CSF offers
an advantage over G-CSF which should be administrated
in multiple daily dose. However, the grade of neutropenia
and other adverse reactions of these two treatments have not
yet been compared in a cross-over pattern. In this study, we
compare the grade of neutropenia and side effects induced
by G-CSF and biosimilar pegylated G-CSF in the breast
cancer patients who treated with dose-dense chemotherapy.
The results of this clinical study will help the clinicians to
choose the more effective treatment for the prevention of
cytopenia in breast cancer patients.

MATERIALS AND METHODS

Study design and participants

In a cross-over clinical trial study, we consecutively
recruited breast cancer patients from the hematology
outpatient service in Isfahan Al Zahra Hospital and Omid
Hospital from March 2015 until October 2016. The sample
size was estimated in the current study considering type I
error rate 0.05, statistical power 0.80 for detecting the effect
size of 6% based on febrile neutropenia to be 24 patients.!""!

Inclusion criteria were women older than 18 years with
newly diagnosed breast cancer, ANC >1.5 x 10%/1; platelet
count 2100 x 10%/1; serum creatinine <1.5 x upper limit of
normal; normal liver function tests; and chemotherapy
regimen being dose-dense AC-T.

Exclusion criteria were any change in chemotherapy
regimen, allergic reactions, and patient unwillingness.
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Consent form was obtained from all participants, and
the needed information about the study was given to
patients before participating. This study was approved
by the Research Council and Ethics Committee of Isfahan
University of Medical Sciences (No: 395546).

Registration code on IRCT is IRCT2017020732444N1.

Procedure and variable assessments

Twenty-four women with newly diagnosed breast cancer
were treated with dose-dense chemotherapy regimen that was
combination of doxorubicin 60 mg/m? and cyclophosphamide
600 mg/m?. The patients were assigned into two groups
randomly. Consort diagram is shown in Figure 1. The first
group was given single dose of 6 mg biosimilar pegylated
G-CSF (Pegagen, CinnaGen Company, Iran) 24 h after the
completion of the first course of chemotherapy, and the second
course of chemotherapy was followed by daily subcutaneous
injection of 300 pug G-CSF (Zarxio, Sandoz company) for
6 days. The second group was treated with G-CSF after
the first course of chemotherapy and was given biosimilar
pegylated G-CSF following the second course.

The parameters evaluated in the patients before and 1
and 2 weeks after the chemotherapy were white blood
cell (WBC) count, ANC, hemoglobin, platelet count,
adverse effects such as fever, bone pain, dyspnea, and

Assessed for eligibility
(n=24)

U

Randomization
(n=24)

Allocated to G-CSF
regimen (n = 12)

Allocated to pegylated
G-CSF regimen (n = 12)

Allocated to G-CSF
regimen (n = 12)

Allocated to pegylated
G-CSF regimen (n = 12)

Analyzed (n = 24)
No missing or lost data

Figure 1: Consort diagram
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gastrointestinal (GI) effects, and incidence of febrile
neutropenia and hospitalization.

Statistical analysis

Analysis of data was done with SPSS 23 (Armonk, NY,
USA: IBM Corp). Quantitative and categorical data
were presented as mean + standard deviation and
frequency (percentage). Categorical data were compared
between groups with Chi-square test and quantitative
data with independent samples t-test as well as analysis
of variance in the framework of cross-over design. P <0.05
was considered as statistically significant.

RESULTS

A total of 24 patients were evaluated in this study.
Demographic characteristics of the patients and mean cell
blood counts (CBCs) before chemotherapy are shown in
Table 1.

One week and 2 weeks after the first course of chemotherapy,
CBC was monitored and the results are shown in Table 2.

Table 1: Demographic characteristics and prechemotherapy
parameters in patients

Variable Mean+SD
Age 45.3+10.5
WBC 714241640
Hb 12.9£1.2
Platelet 292,291+88,939
Neutrophil 61.9£10.3
ANC 4423+1261

WBC=White blood cell; Hb=Hemoglobin; ANC=Absolute neutrophil count;
SD=Standard deviation

One week after chemotherapy, mean level of WBC in the
first group treated by G-CSF was 5149 and in the second
group treated with pegylated G-CSF was 4556 (P = 0.34).
Two weeks after chemotherapy, the second group had
significantly higher level of WBC, neutrophil, and ANC.
The mean WBC count was 9311 in the second group and
4422 in the first group (<0.001). Therefore, pegylated G-CSF
treatment leads to a higher protection against neutropenia
2 weeks after the first course of chemotherapy.

The same blood parameters were monitored after the second
course of chemotherapy [Table 3]. No significant difference
was found between the blood parameters of the two groups,
either after the 1% week or the 2" week.

Mean difference of CBCs in each course of chemotherapy
was compared between patients who received Pegagen
and G-CSF in a cross-over analysis with equivalence test
for 2 x 2 cross-over design. Cross-over analysis of variance
showed that there was no significant difference between
G-CSF-treated and pegylated G-CSF-treated patients about
CBC parameters [Table 4].

Adverse effects were also evaluated in both courses of
chemotherapy. The total side effects of biosimilar pegylated
G-CSF (the first round of the first group plus the second
round of the second group) were compared with the total
side effects of G-CSF (the second round of the first group
plus the first round of the second group).

It is shown in Table 5 that biosimilar pegylated G-CSF
resulted in GI side effects such as nausea and abdominal
pain (29.2%), bone pain (20.8%), and fever (4.2%), while

Table 2: Cell blood count parameters 1 and 2 weeks after the first course of chemotherapy in pegylated
granulocyte-colony stimulating factor and granulocyte-colony stimulating factor

Variable 1 week later 2 weeks later

Pegylated G-CSF first G-CSF first P2 Pegylated G-CSF first G-CSF first P2
WBC 4556.6 51491 0.34 9311.6 4422 <0.001*
Hb 12.18 12.13 0.84 12.1 12.26 NS
Platelet 219,500 253,000 0.59 231,416 224,000 NS
Neutrophil (%) 47.64 56.51 0.19 66.78 48.59 0.002*
ANC 2461.7 3261 0.31 6465.1 2201.2 <0.001*

*Significant differences, 2Resulted from independent -test. WBC=White blood cell; Hb=Hemoglobin; ANC=Absolute neutrophil count; NS=Not significant; G-CSF=Granulocyte-colony

stimulating factor

Table 3: Cell blood count parameters 1 and 2 weeks after the second course of chemotherapy

Variable 1 week later 2 weeks later

Pegylated G-CSF second G-CSF second P2 Pegylated G-CSF second G-CSF second P2
WBC 5355.8 8484.1 0.67 7460.8 5687.5 0.1
Hb 11.77 11.52 0.97 11.84 12.13 0.75
Platelet 304,916.6 268,000 0.44 231,666.6 263,833.3 0.41
Neutrophil (%) 56.81 63 0.47 64.5 60.13 0.51
ANC 3896.7 6528.5 0.84 5081.4 3531.3 0.16

2Resulted from independent t-test. WBC=White blood cell; Hb=Hemoglobin; ANC=Absolute neutrophil count; G-CSF=Granulocyte-colony stimulating factor
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Table 4: Cross over analysis of mean difference of cell blood counts

Pegagen G-CSF Carryover Treatment Period
Period 1 Period 2 Period 1 Period 2 effect effect effect
WBC -3001.7+£5096.1 933.33+2746 -1578.3+2102.6 -827.5+9281.8 0.91 0.369 0.19
Hb -0.675£1.33 -0.491£1.01 -0.85+1.194 -0.625£0.952 0.63 0.95 0.54
Platelet -6900+5420 80,917+82,246 -63,667%65,234 36,583+70,040 0.37 0.18 <0.001*
PMN -13.5+15.1 8.21+14.13 -6.186+20.06 -2.7+21.8 0.71 0.10 0.003
ANC -2199.3+3157.6 1695.5+2740 -925.63+2266.9 63.375+8712.2 0.89 0.35 0.12

*Significant differences, WBC=White blood cell; Hb=Hemoglobin; ANC=Absolute neutrophil count; PMN=Polymorphonuclear; G-CSF=Granulocyte-colony stimulating factor

Table 5: Comparison of side effects between
pegylated granulocyte-colony stimulating factor and
granulocyte-colony stimulating factor

Pegylated G-CSF (%) G-CSF P

incidence of febrile neutropenia, and delay in the next cycle
of chemotherapy were compared after administration of
pegfilgrastim and G-CSF in the patients who were treated
with hyper-CVAD chemotherapy, and no significant

Headache 2 (8.3) 0 NS difference was found. Side effects were not increased in
Edema 1(4.2) 0 NS pegfilgrastim in comparison to G-CSF and once per cycle
Gl side effects 7 (29.2) 0  0.005* dosing of pegfilgrastim was as safe and effective as G-CSF.[!
Bone pain 5 (20.8) 0 0.09*

Fever 1(42) 0 NS Samaras et al. showed that time to engraftment, length
Dyspnea 1(4.2) 0 NS of hospital stay, or the need for blood products and
Chemotherapy dose reduction 1(4.2) 0 NS

*Significant differences. Gl=Gastrointestinal; NS=Not significant;
G-CSF=Granulocyte-colony stimulating factor

patients who were treated with G-CSF did not show any side
effects. One of the generic pegylated G-CSF-treated patients
had fever and severe neutropenia after chemotherapy
that caused a dose reduction in the second round of the
chemotherapy regimen.

DISCUSSION

In this study, we compared the efficiency and side effects
of biosimilar pegylated G-CSF and G-CSF in breast cancer
patients. Both groups of patients underwent two rounds of
chemotherapy followed by generic pegylated G-CSF and
G-CSF treatments in a cross-over trial. No severe neutropenia
was found and chemotherapy sessions were not interrupted.
We showed that generic pegylated G-CSF-treated patients
had significantly higher side effects such as bone pain and
GI side effects. Fever and chemotherapy dose reduction
were also reported in this treatment.

Neutropenia has been compared between fixed-dose
single-administration pegfilgrastim versus daily filgrastim
in patients receiving myelosuppressive chemotherapy.* Itis
shown that a single fixed dose of 6 mg of pegfilgrastim and
multiple daily doses of filgrastim provide similar efficacy
in controlling neutropenia and identical safety profiles. In
contrast to this study, our results show that the safety level
of G-CSF is higher compared to biosimilar pegylated G-CSEF.

Pegfilgrastim and G-CSF have also been prescribed and
compared to other types of cancer, such as lymphoid

malignancy.® The duration of Grade 4 neutropenia,
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intravenous antibiotics was not significantly different between
pegfilgrastim and filgrastim in patients with Hodgkin’s and
non-Hodgkin’s lymphoma who underwent chemotherapy.'!

In contrast to previous studies,**'] our results show that
the safety level of G-CSF is higher compared to biosimilar
pegylated G-CSF. However, neutrophil count, 2 weeks after
the first course of chemotherapy, was higher for the patients
who received pegylated G-CSF. Our findings are in line with
the findings of Skarlos et al.'? where it was shown that the
rate of febrile neutropenia was significantly higher in breast
cancer patients who received pegfilgrastim than G-CSF.

CONCLUSION

G-CSF and biosimilar pegylated G-CSF are effective in
reducing cytopenia in breast cancer patients treated with
dose-dense chemotherapy, but side effects induced by
pegylated G-CSF (Pegagen) are higher.
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