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Biosimilar products of filgrastim have become available for improved sustainability of cancer care; however, the
real-world safety profile remains unknown. The purpose of this study was to clarify the adverse events associated
with filgrastim originator and its biosimilar using the Japanese Adverse Drug Event Report (JADER) database.
Adverse event reports submitted to the Pharmaceuticals and Medical Devices Agency between 2014-2018 were
extracted. We calculated the reporting odds ratio and 95% confidence interval for each adverse event. We obtained
584 reports of adverse events associated with filgrastim originator and 102 reports with its biosimilar. Signals were
detected for bone marrow failure and febrile neutropenia with both filgrastim originator and its biosimilar; whereas
those for drug resistance and hypoxia only involved filgrastim originator, and those for interstitial lung disease only
involved its biosimilar. The safety profiles of filgrastim originator and its biosimilar were partly different. Further

studies are needed to confirm these findings.

1. Introduction

Filgrastim is a recombinant human granulocyte colony-stimulating
factor (G-CSF) that acts in the same manner as endogenous G-CSFs,
which promote the proliferation, differentiation, and maturation of
neutrophil progenitor cells and survival and functional stimulation
of mature neutrophils (Bennett et al. 2013). Filgrastim is widely
used for the treatment of patients with aplastic anemia (Bacigalupo
et al. 2000; Teramura et al. 2007) as well as for prophylaxis of
febrile neutropenia in patients receiving chemotherapy (Lyman et
al. 2002; Kuderer et al. 2007; Cooper et al. 2011) and hematopoi-
etic cell transplantation (Duong et al. 2014). Filgrastim has been
used clinically for over a decade in Japan, and a significant amount
of evidence supports the long-term safety, efficacy, and value of
the products.

The development of biosimilars may improve access to reliable
treatments including G-CSFs with the expiry of patent protection.
Biosimilars are biological medicinal products containing a version
of the active substance of an already authorized original biological
medicinal product, for which they are required to have similar effi-
cacy, safety, and immunogenicity. Randomized controlled clinical
studies demonstrated that biosimilars of filgrastim have efficacy
and safety comparable to the filgrastim originator (del Giglio et
al. 2008; Gascon et al. 2010; Waller et al. 2010; Blackwell et al.
2015). However, its real-world safety profile remains unknown.
Recently, spontaneous reporting systems have been used as a
source of post-marketing drug safety surveillance for the detection
of adverse drug events (Mendes et al. 2014; Mahe et al. 2018).
The Japanese Adverse Drug Event Report (JADER) database is
a large published database managed by the Pharmaceuticals and
Medical Devices Agency for pharmacovigilance (Hosohata et al.
2018, 2019 a,b). The objective of this study was to assess adverse
events associated with filgrastim originator and its biosimilar using
the JADER database.

2. Investigations and results

During the study period, the total number of co-occurrences with
filgrastim originator was 584 (199 different events) and 102 (31
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Table 1: Patient characteristics

Variables Filgrastim originator filgrastim biosimilar

n (%) n (%)

Sex
Men 329 (56.3) 42 (41.2)
Women 249 (42.7) 58 (56.9)
Unknown 6(1.0) 2(1.9)

Age
<10 76 (13.0) 0(0)
10s 15 (2.6) 0(0)
20s 16 (2.7) 2(2.0)
30s 33(5.7) 0(0)
40s 54(9.2) 10 (9.8)
50s 108 (18.5) 18 (17.6)
60s 94 (16.1) 34(33.3)
70s 157 (26.9) 33 (32.4)
80s 8(1.4) 329
Unknown 23 (3.9) 2(2.0)

n, number; 10s, 10-19 years; 20s, 20-29 years; 30s, 30-39 years; 40s, 40-49 years; 50s, 50-59 years;
60s, 60-69 years; 70s, 70-79 years; 80s, 80-89 years.

different events) with its biosimilar. The demographics of those
who experienced adverse events are described in Table 1, with the
most frequent age in the 70s (26.9%) for filgrastim originator and
the 60s (33.3%) for its biosimilar, and the proportion of females
was 42.7% for filgrastim originator and 56.9% for its biosimilar.

Of 584 adverse events associated with filgrastim originator and
102 with its biosimilar, the top 10 adverse events are listed in Table
2. For both filgrastim originator and its biosimilar, bone marrow
failure was the most frequently reported adverse event, with 33
reports (5.7%) for filgrastim originator and 20 reports (19.6%) for
its biosimilar. The next most common reported adverse events were
febrile neutropenia (24 reports) and drug resistance (24 reports) for
filgrastim originator, and interstitial lung disease (18 reports) for
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Table 2: Disproportionality analysis of adverse events of filgrastim
originator and biosimilar

Drug Adverse event n ROR 95%C1

Filgrastim originator

Bone marrow failure 33 9.06 6.37-12.9*
Febrile neutropenia 24 2.82 1.87-4.24%
Drug resistance 24 112 73.3-170*
Hypoxia 23 39.1 25.6-59.6%
Platelet count decreased 19 1.35 0.85-2.13
Interstitial lung disease 18 1.31 0.82-2.1
Neutropenia 16 2.04 1.24-3.36*
Hypokalemia 14 8.04 4.72-13.7*
White blood cell count decreased 14 1.78 1.04-3.02*
Pneumonia 13 1.36 0.78-2.35
Filgrastim biosimilar

Bone marrow failure 20 36.9 22.6-60.1%*
Interstitial lung disease 18 8.84 5.31-14.7%
Febrile neutropenia 9 6.36 3.21-12.6*
Hemophagocytic lymphohistiocytosis 6 63 27.5-144%
Back pain 6 75.4 33-173*
Peritonitis 6 38.5 16.9-88*
Blast cell count increased 4 193 70.3-529*
Acute myeloid leukaemia 3 25.1 7.94-79.2%
Netrophil count decreased 3 1.25 0.4-3.95
Pyrexia 3 22 0.7-6.94

CI, confidence interval; ROR, Reporting odds ratio. *, signal detected.

its biosimilar. Of note, adverse events induced by filgrastim origi-
nator that were not reported for its biosimilar were drug resistance
(24 reports) and hypoxia (23 reports).

Disproportionality analyses revealed positive signals for bone marrow
failure, febrile neutropenia, drug resistance, hypoxia, neutropenia,
hypokalemia, and a decreased white blood cell count for filgrastim
originator (Table 2). As for filgrastim biosimilar, signals were detected
for bone marrow failure, interstitial lung disease, febrile neutropenia,
hemophagocytic lymphohistiocytosis, back pain, peritonitis, a
blast cell count increase, and acute myeloid leukaemia. Especially,
the association with the blast cell count increase, which was tested
by calculating the reporting odds ratio (ROR) and 95% confidence
interval (CI), was noteworthy (ROR, 193; 95%CI, 70.3-529). This
adverse event was not reported for filgrastim originator.

3. Discussion

This is the first report on safety profiles of adverse events due to
filgrastim originator and its biosimilars according to a spontaneous
reporting system. Despite the similarity in physicochemical struc-
ture and biological function between the biosimilar and originator
biologic, there may be minor differences due to their complex
nature and production methods. As for efficacy, any variability
and differences between the biosimilar and its reference medicine
were shown not to reduce effectiveness (Blackwell et al. 2015).
Indeed, a retrospective study by Sivgin et al. (2013) revealed that
filgrastim biosimilar (Leucostim®) has a potency comparable to
filgrastim originator (Neupogen®) on peripheral blood stem cell
collection. As for safety, a phase III study revealed that the adverse
event profile was similar between Neupogen® and XMO02, but there
was a difference in the incidence of drug-related adverse events
across all cycles (Neupogen® group, 39.7% of patients vs. XM02
group, 25.7% of patients)(del Giglio et al. 2008). However, the
real-world safety profile is unknown and so pharmacovigilance
such as through the JADER database is considered important.

Our results revealed that signals were commonly detected for bone
marrow failure and febrile neutropenia with filgrastim originator and
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its biosimilar. On the other hand, signals were detected for drug resis-
tance and hypoxia, neutropenia, hypokalemia, and a decrease in the
white blood cell count with filgrastim originator, but not its biosim-
ilar. Hematologic events, including febrile neutropenia, neutropenia,
and a decrease in the white blood cell count are likely attributable to
chemotherapy treatment or underlying disease. Of note, interstitial
lung disease was significantly correlated with filgrastim biosimilar,
but not its originator. One explanation for the difference in the safety
profile may be the differences in patient background between both
groups. Indeed, some differences were observed in sex and age
distribution (Table 1). Another is immunogenicity. Immunogenicity
is associated with a reduced response and various adverse events.
The degree of immunogenicity is not the same for all biologics, and
only minor differences in the formulation, purity, or packaging of
a biological drug can affect the immunogenicity profile. However,
the difference in this study may be due to factors other than immu-
nogenicity. Adverse event reports were limited for the biosimilar
compared with originator. If the number of reports increases in the
future, the general consensus may change.

This pharmacovigilance study using the JADER database had
several limitations. First, as with all pharmacovigilance studies, we
were unable to calculate the true incidence rates, notably because
there are no data on the total number of patients receiving the drugs
of interest and under-reporting. Second, the ROR does not provide
a robust indication of the signal strength. In spontaneous reporting
systems such as JADER, control populations are not included,
so the ROR is different from the “odds ratio” that is commonly
used in epidemiological studies. In real terms, the ROR indicates
an increased risk of adverse event reporting, and not the risk of
adverse events itself. Third, there may be a reporting bias between
filgrastim originator and its biosimilar. It is expected that adverse
events associated with filgrastim biosimilar may be more posi-
tively reported than filgrastim originator because the biosimilar
was more recently introduced. Fourth, the present method did not
provide us with detailed clinical information on the patients (Fran-
ciotta et al. 2009). Finally, we could not consider the variability of
quality among “filgrastim biosimilar 17, “filgrastim biosimilar 2”,
and “filgrastim biosimilar 3.

In conclusion, the safety profiles of filgrastim originator and its
biosimilar were partly different. Further studies are needed to
confirm these findings.

4. Experimental

4.1. Data

Data were extracted from the public release of the JADER database of PMDA,
covering the period between the third quarter of 2014 and the fourth quarter of 2018.
The main reason for limiting our research to this period is that the latest filgrastim
biosimilar was launched in November 2014 in Japan. The data structure of JADER
consists of 4 datasets: patient demographic information (DEMO), drug information
(DRUG), adverse events (REAC), and medical history (HISTO). Preferred terms
(PTs) in the Medical Dictionary for Regulatory Activities (MedDRA) serve as the
terminology for registration of adverse events in the REAC table. After we removed
duplicate data from each table because the same case report will be received from
different sources (Bate et al. 2009), the DEMO table was linked to the REAC and
DRUG tables using the ID number.

The contribution of the medication to adverse events was classified into three catego-
ries: “suspected medicine,” “concomitant medicine,” and “interaction,” as described
previously (Oyama et al. 2018; Hosohata et al. 2019a, b, ¢; Inada et al. 2019). Briefly,
a “suspected medicine” is defined as a pharmaceutical product suspected to be
associated with an adverse reaction. A “concomitant medicine” is defined as another
pharmaceutical product used at the time of the adverse reaction. When the reporter
suspects an interaction, he/she reports it as an “interaction.” In order to exclude the
masking effect, defined as the condition whereby the effect of a given drug-event
pair might be hidden by the presence of another product (Maignen et al. 2014), we
extracted cases that were classified as “suspected medicine.” Of the filgrastim biosim-
ilars in Japan, “filgrastim biosimilar 17, “filgrastim biosimilar 2”, and “filgrastim
biosimilar 3” were approved in 2013, 2013, and 2014, respectively. In this study, we
included the reports of “filgrastim biosimilar 1” (n = 59), “filgrastim biosimilar 2”
(n =21), and “filgrastim biosimilar 3” (n = 22) for analysis as filgrastim biosimilar.

4.2. Data analysis

Next, we calculated the ROR. The ROR is the rate of reporting a specific adverse reac-
tion caused by a particular drug divided by the rate of the same adverse events caused
by all other drugs present in the database. A signal was considered to be present when
the lower limit of the 95% CI of the ROR was >1.
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In this database, age, height, and weight information are indicated in the form of age
in decades, height in centimeter-denominated ranges, and weight in kilogram-denom-
inated ranges. Because these data are not continuous variables, we could not conduct
multiple analyses using them. All analyses were performed with JMP Pro 12 (SAS
Institute Inc., Cary, NC, USA.).
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