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Abstract

Background: The current research seeks to present a comparative study of the effect of filgrastim and
pegfilgrastim in the treatment of fever and neutropenia in leukemia patients.

Materials and Methods: The present study is a blind randomized clinical trial. The study population is
comprised of 120 children with acute lymphoblastic leukemia (ALL) who were admitted to the hospital due to
mild febrile neutropenia during 2019. Included patients were divided into two groups. Filgrastim (10
micrograms/ kilogram, daily subcutaneously) and pegfilgrastim (100 micrograms per kilogram of a
subcutaneous dose) were used for groups, respectively. Fever monitored every 6 hours, and neutrophil count
was performed every 48 hours. The questionnaire designed in the study included age, type of drug side effects,
number of days of neutropenia, and fever cessation time. Then, the data were analyzed by SPSS software.
Result: Leukemic children with fever and neutropenia (N=120) were included in the study, which was 59
(49.1%) male and 61 (50.9%) female by the mean age of 79+44 months. The mean days of neutropenia
correction in the filgrastim and pegfilgrastim groups were 5 and 4 days, respectively, which was not
significantly different (p =0.08). There was no correlation between patients’ complications and types of
treatments (p>0.05). Muscular pain was the most common complication observed among 4 cases and 1 case
following filgrastim and pegfilgrastim administration, respectively. Furthermore, hyperleukocytosis following
pegfilgrastim consumption was observed in two cases.

Conclusion: There was no significant correlation between the duration until the cessation of fever and the
number of neutropenia days in the two groups receiving pegfilgrastim and filgrastim. Therefore, the fever and
neutropenia improve with pegfilgrastim earlier than filgrastim; besides, fewer injections, patient comfort, and
less musculoskeletal pain can be observed.
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Introduction stimulates the proliferation and
Neutropenia, fever, and consequent differentiation of committed progenitor

infections are the most common intricacies
of dose-limiting toxicities associated with
cytotoxic cancer chemotherapy (1).
Filgrastim (human granulocyte colony-
stimulating factor (G-CSF) produced by
recombinant DNA technology is a
hematopoietic growth factor that primarily

cells of the granulocyte-neutrophil lineage
into functionally mature neutrophils.

Endogenous G-CSF is a glycoprotein
produced by monocytes, endothelial cells,
and fibroblasts (2). Filgrastim will be
administered to patients with acute
lymphoblastic leukemia (ALL) during the
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first few days of neutropenia post-
remission course of chemotherapy.
Administrating G-CSF may shorten the
duration of neutropenia (3). In these
patients, the risk of febrile neutropenia
(FN) increases, which is one of the causes
of hospitalization and administration of
intravenous antibiotics (4-11). In severe
neutropenia, the risk of life-threatening
infections is grave. Filgrastim s
administered following chemotherapy or
neutropenia, and reduces the prevalence of
infection (5,6). Numerous retrospective
studies have shown that the use of
filgrastim minimizes the duration of severe
neutropenia compared to placebo. Various
researches have shown that taking
filgrastim after bone marrow transplant
reduces the number of days of intravenous
antibiotics consumption and the length of
hospital stay (12, 13). G-CSF should be
administered at an initial dose of5
pg/kg/day subcutaneously or by short
intravenous infusion (15 to 30 minutes) or
continuous intravenous infusion. Complete
blood count (CBC) and platelet count
should be obtained before instituting G-
CSF therapy and monitored twice weekly
during treatment. If the absolute neutrophil
count (ANC) increases beyond 10000/mm3
using G-CSF should be stopped.
Neutrophil count was improving 1 to 2
days after initiation of filgrastim therapy.
The duration of filgrastim therapy effect
may be dependent on the
myelosuppressive  potential  of  the
chemotherapy regimen employed.
Pegfilgrastim is a pegylated form of
filgrastim that has a longer half-life and is
easier to use than filgrastim, and a dose of
it is sufficient for each cycle of
chemotherapy (14, 15). Due to the lack of
previous research on the administration of
pegfilgrastim in fever and neutropenia, the
current article presented a comparative
study of the effect of filgrastim and
pegfilgrastim in the treatment of mild to
moderate neutropenia and fever in patients
with leukemia in Mohammad
Kermanshahi Hospital.
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Materials and Methods

Study description

This randomized clinical trial study was
conducted on 120 leukemia children with
mild and moderate febrile neutropenia
(mild neutropenia if the ANC ranges from
1000-1500/uL, moderate neutropenia with
an ANC of 500-1000/pL, and severe
neutropenia if the ANC is below 500/uL).
The study population was leukemia
patients  admitted to  Mohammad
Kermanshahi Hospital, Kermanshah, Iran,
in 2019.

Study design

The study was a blinded fashion
randomized interventional clinical trial
with parallel assignment design to assess
the effect of filgrastim and pegfilgrastim in
120 participants with leukemia who were
hospitalized at Dr. Mohammad
Kermanshahi Hospital. The patients were
randomly divided into two groups. The
first group was treated with filgrastim(10
microgramsper kilogram daily), and the
second group was treated with a single
dose of 100 micrograms per kilogram of
pegfilgrastim subcutaneously. The fever
was monitored every 6 hours, and
neutrophil count was measured every 48
hours. The questionnaire in this study
contains age, type of drug side effects,
number of days of neutropenia, and fever
cessation time. Then, the data was entered
into SPSS software and finally analyzed.

Eligibility criteria

Inclusion criteria included patients with
ALL and mild to moderate febrile
neutropenia (absolute neutrophil count 500
to 1500), and stable hemodynamics.
Exclusion criteria included patients with
severe febrile neutropenia (absolute
neutrophil count less than 500), toxic
patients, and patients with unstable
hemodynamics. Due to the significance of
the issue and the lack of the previous
study, patients with severe neutropenia
were excluded from the study.
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After taking consent from parents of
children, 120 leukemia patients with mild
to moderate febrile neutropenia were
randomly assigned to two groups (with the
help of a table of random numbers),
according to the inclusion and exclusion
criteria. The two groups were evaluated in
parallel. To treat neutropenia, filgrastim
(10  micrograms per kilogram daily
subcutaneously, until ANC increase to
upper than 1500/ul) manufactured from
Pooyesh Daroo company was used for one
group of patients. For another group,
pegfilgrastim (100  micrograms  per
kilogram of subcutaneously in a single
dose) manufactured from Iranian brand
Kidipeg manufactured from Cinnagen
company was used. The drugs were
prepared in similar packages and were
distinguished by codes one and two. The
patient-caregiver, as well as the patient
evaluator were blinded.

Administration of antibiotics and other
supportive measures were performed
according to the protocol relevant to the
patients with fever and neutropenia. Fever
control was performed every 6 hours, and
neutrophil count was done every 48 hours.
The number of days to increase neutrophils
to more than 1500 and the time to stop
fever for each patient was recorded. For
this study, a questionnaire was prepared
that included age, gender, efficacy, side
effects of the drug, number of neutropenia
days, and duration of fever cessation.
Human rights were respected in
accordance with the Helsinki Declaration
1975, as revised in 1983.

Ethical Consideration

This study was approved by both the
Ethics Committee of Iran University of
Medical ~ Sciences  (Ethical  code;
IR.KUMS.REC.1395.764) and its IRCT
code is
IRCT20130812014333N8011800000. The
informed consent was taken from parents
and first relatives.
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Randomization

Patients were stratified by institution and
randomly assigned via computer-generated
random numbers in a blinded fashion at
the time of registration on the study for
treating with filgrastim or pegfilgrastim.

Statistical analysis

Data were given as frequency and
percentage for classified variables. The
mean, and standard deviation (with
maximum and minimum values) were used
for continuous quantitative variables. The
comparison of categorical variables was
conducted using chi-square testing or
fisher exact test. Statistical analysis was
performed wusing SPSS 20 statistical
software. P < 0.05 was considered
significant.

Results

The mean age of the subjects was 79+44
months. Out of 120 patients included in
the study, 59 (49.1%) were male and 61
(50.9%) were female, the highest
frequency of patients in the age group was
3.5 to 6.5 years, which included 48
(39.9%) cases. Figure 2, a) shows
population gender ratio pie chart. Figure 2,
b) shows distribution of the age in the
participated patients.

The maximum time required to correct
neutropenia was 4-6 days with 43 cases
(35.9%). (P = 0.08). The mean number of
days required to correct neutropenia in the
filgrastim group was 5 days, and in the
pegfilgrastim group was 4 days, and the
difference between the mean number of
days required to correct neutropenia in the
two groups was not statistically significant
(p=0.08). Figure 3, a) shows comparison
table of mean and number of days required
to correct neutropenia. Figure 3, b) shows
comparative bar chart of neutropenia
duration.

Out of 120 patients with leukemia under
treatment, adverse drug reactions were
reported in seven patients. The most
common complication was muscular pain,
which was observed among 4 cases after
receiving filgrastim, and 1 case after
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receiving pegdfilgrastim. Two cases of There was no significant correlation
hyperleukocytosis  occurred  following between the type of treatment and the
pegfilgrastim consumption, which were duration of fever cessation (Figure 4). The
improved within 10-14 days. There was no highest frequency of fever cessation in
significant relationship between the type of both groups occurred on days 3-4 of
treatment and the type of complications (p treatment (24 cases, 40%) in the
=0.001) (Table ). pegfilgrastim group and 21 cases (35%) in

the filgrastim group(P>0.05).

~ Admitted
(n=165)

v
Assessed for eligibility I
(n=160)

Not assessed (n=5)
*  Discharged from the hospital (n=3)
*  Declined to admit (n=2)

Enrollment

Excluded (n=22

*  Declined to participate (n=13)

*  Meeting Exclusion criteria (n=1)

* Notmeeting inclusion criteria (n=8)

— v
[ Randomized (n=138) ]
l \[ Allocation ], l
Allocate to Receive pegfilgrastim  (n=67) T Allocate to Receive filgrastim (n=71)
* Received allocated intervention (n=62) * Received allocated intervention (n=65)
*  Did not receive allocated intervention *  Did not receive allocated intervention
(n=2) ©=2)
- Changed the treatment plan (n=2) - Changed the treatment plan (n=1)
- Decline to continue participation (n=1) - Decline to continue participation (n=3)
v { Follow-up ], \
Complete follow-up (n=62) Complete follow-up (n=65)
*  Lost to follow-up (n=2) *  Lost to follow-up (n=3)
-Changing the treatment plan (n=0) -Changing the treatment plan (n=2)
Analyzed (n=60) J LAnalyled (n=60) }

Figure 1, Consort flow diagram.
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Population Gender Ratio (%) Distribution of The Age (%)
= Female 12.5 5.60.9 ®1-35Y0
\him - ®3.5-65 YO
=65-10YO
= 10-13.5Y0

® [35-165Y0
® [6.5-20 YO

Figure 2, a) Population gender ratio pie chart. As it is obvious, both gender populations are almost
equal. b) Distribution of the age in the participated patients (YO: years old).

d
Mean & Distribution
Pegfilgrastim Filgrastim
Distribution ' Mean . Distribution ' Mean
24 | a4 35 s

Neutropenia Duration

40 -
= 30
2
:5 20 4
&
= 10 -
& 1
‘) L Ll Al Ll m v % .
7-9 9.12 1315 =15

Days

Figure 3, a) Comparison table of mean and number of days required to correct neutropenia. b)
Comparative bar chart of neutropenia duration.
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Figure 4, Frequency distribution of fever cessation time by type of treatment.

Table I: Frequency distribution of complications in terms of the type of treatment in the subjects
(ARDS: Acute respiratory distress syndrome).

Type of Complication

Haadache Musclular Peripheral | Anaphylactic Hyperle?lkocy ARDS

Pain Edema Shock -tosis
Filgrastim 0(0%) 4(6.66%) 0(0%) 0(0%) 0(0%) 0(0%)
Pegfilgrastim 0(0%) 1(1.6%) 0(0%) 0(0%) 2(3.2%) 0(0%)

Discussion

Granulocyte colony stimulating factor (G-
CSF) for the prevention of fever and
neutropenia was considered as an
acceptable standard of care on leukemia
during chemotherapy. The advantage of a
single-dose pegfilgrastim injection in
comparison with repeated and daily
injections of filgrastim can be highlighted.
The research conducted by Aapro et al.
evaluated the effect of filgrastim, and

Iran J Ped Hematol Oncol. 2022, Vol 12, No 2, 76-85

concluded that the drug can reduce the
duration of neutropenia and antibiotic use
while the duration of hospitalization and
onset of fever and neutropenia remains
unchanged(16, 17). In a study conducted
by Abolghasmi et al, administration of
filgrastim in prevention and treatment of
neutropenia did not show promising
results. Borinstein et al., in a research,
corroborated the effect of filgrastim, yet
revealed that the drug had little impact on
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fever cessation and infection control. In
the study performed by Ehsani, it was
found that G-CSF administration has no
significant effect on the prevention of
neutropenia(18). In Jorge Sierra's study, no
significant  difference was observed
between the therapeutic effects of
pegfilgrastim and filgrastim (19). Both
recent types of research were consistent
with this study. Weycker’s analysis
indicated that a single dose of
pegfilgrastim was more effective in curing
neutropenia than filgrastim (20). In
Lyman’s study, pegfilgrastim was more
effective than filgrastim in improving
neutropenia (21). In a meta-analysis study,
single-dose administration of pegfilgrastim
compared to filgrastim for 14 to 10 days
contributed to further reduction in the
incidence of fever/neutropenia  and
neutropenia alone, and further decrease in
muscular pains and arthralagia was
observed among the users of pegfilgrastim
(22). In this research, muscular pains were
more common after taking filgrastim. The
research results attained by Lyman
indicated that  administration of
pegfilgrastim was more effective than
filgrastim in reducing the duration of
neutropenia (23). Moafi’s study showed a
clear difference in ANC, febrile
neutropenia, hospitalization, and white
blood cell level, and pegfilgrastim was
superior to filgrastim(24). The findings of
the research by Weycker revealed that the
administration of pegfilgrastim was more
effective than filgrastim (25). Wang
depicts that early administration of
filgrastim within 5 days after confirmation
of hypoplastic early assessment of bone
marrow biopsy was correlated with shorter
length of hospitalization, faster absolute
neutrophil count recovery, fewer IV
antibiotic using days, and cost-effective
(26). As the administration of PEG-
filgrastim was a costly medication,
Yousofian demonstrated that it can
compensate by decreasing visit and
injection time. According to retrospective
studies, increasing the number of
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filgrastim injections may enhance the drug
reactions complications, multiple visiting
times, and many other issues (27).
Different levels of response to G-CSF
were detected from Zhang's study. They
found that patients with vigorous G-CSF
neutrophil response compared to those
with weak levels of G-CSF had a higher
risk for respiratory decompensation. They
also indicated a considerable increase in
the neutrophil to lymphocyte ratio after G-
CSF administration; therefore, it can be
considered as an independent risk factor in
hospitalized patients with COVID-19.
Interestingly, neutropenia separately was
not correlated with the hospitalization of
the patients (28).

The efficiency and safety of mobilization
of hematopoietic stem cells for allogeneic
hematopoietic stem cell transplantation
with Tevagrastim were assessed by
Danylesko.

The healthy donors received Tevagrastim
or filgrastim in a dose of 10 mg/kg body
weight (BW) subcutaneously for 4 days. A
comparable outcome of CD34p stem cell
mobilization in the Tevagrastim study and
the filgrastim historical control groups was
observed. Tevagrastim administration was
safe with minimal side effects and toxicity.
The lack of fundamental differences for all
parameters of stem cell collection,
engraftment, and safety with the biosimilar
XMO2 Tevagrastim demonstrate  the
“similarity” of the biosimilar and
recombinant human G-CSF in this
indication (29).

Sivgin in the peripheral blood stem cells
collection procedure demonstrated that
biosimilar filgrastim (Leucostim®) has
equivalent potency compared to original
filgrastim (Neupogen®). The investigation
confirmed the only data in Turkey
regarding the potency and safety of
biosimilar filgrastim (Leucostim®) in
hematopoietic stem cell transplantation
recipients (30). The conclusion of the
investigation of WinKuan was considered
novel because there was no previous study
regarding the compare of pegfilgrastim

Iran J Ped Hematol Oncol. 2022, Vol 12, No 2, 76-85
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administered at different time points
against daily filgrastim. In this study, the
internal validity has been preserved
through data collection, strict adherence to
randomization, sequence allocation, , and
data cleaning procedures. Financial and
logistic  restrictions were the main
limitation of the investigation (31).

The meta-analysis of randomized clinical
trials of patients with breast cancer
receiving myelosuppressive chemotherapy
conducted by Botteri elucidates no
differences between G-CSF reference
biologics and biosimilar medicines in
efficacy and safety. Duration of severe
neutropenia was the primary end-point in
the investigations. Secondary efficacy end-
points were absolute neutrophil count, and
febrile neutropenia also indicated minimal
and not significant differences between G-
CSF reference and biosimilar medicines
(32). Mitchell's research concluded that the
side effects associated with fever and
neutropenia in pegfilgrastim were lower
than those in filgrastim (33). Some herbal
medicine such as aloe vera increased
efficacy of colony stimulating factor and
decrease the duration of fever and
hospitalization(34). Although the last few
studies were inconsistent with the results
of this study, they are in agreement with
the investigation in confirming the use of
pegfilgrastim.

Conclusion

The current study indicated that there was
no significant correlation between the
duration of fever cessation and number of
days of neutropenia in the two groups
consuming pegfilgrastim and filgrastim.
Therefore, pegfilgrastim can be effective
in mild neutropenia and fever as much as
filgrastim. In addition, some other
advantages of pegfilgrastim included
fewer injections, patient comfort, and less
musculoskeletal pain.
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