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Simple Summary: Febrile neutropenia is the serious side-effect associated with myelosuppressive
chemotherapy. Filgrastim, the first granulocyte colony-stimulating factor (G-CSF) was approved by
the Food and Drug Administration for the treatment of neutropenia. Subsequently, pegfilgrastim
(long-acting G-CSF) and filgrastim biosimilars were developed to have comparable efficacy to
filgrastim. Therefore, it is necessary to produce a systematic review and meta-analysis that provides
evidence that filgrastim is more efficacious than placebo/no-treatment, as it provides evidence on
the comparable efficacy of filgrastim versus pegfilgrastim and biosimilar filgrastim.

Abstract: Background: The aim of this review and meta-analysis was to identify, assess, meta-
analyze and summarize the comparative effectiveness and safety of filgrastim in head-to-head
trials with placebo/no treatment, pegfilgrastim (and biosimilar filgrastim to update advances in the
field. Methods: The preferred reporting items for systematic reviews and meta-analyses PRISMA
statement were applied, and a random-effect model was used. Primary endpoints were the rate
and duration of grade 3 or 4 neutropenia, and an incidence rate of febrile neutropenia. Secondary
endpoints were time to absolute neutrophil count ANC recovery, depth of ANC nadir (lowest ANC),
neutropenia-related hospitalization and other neutropenia-related complications. For filgrastim
versus biosimilar filgrastim comparison, the primary efficacy endpoint was the mean difference in
duration of severe neutropenia DSN. Results: A total of 56 studies were considered that included
data from 13,058 cancer patients. The risk of febrile neutropenia in filgrastim versus placebo/no
treatment was not statistically different. The risk ratio for febrile neutropenia was 0.58, a 42%
reduction in favor of filgrastim. The most reported adverse event with FIL was bone pain. For
pegfilgrastim versus filgrastim, no statistically significant difference was noted. The risk ratio was
0.90 (95% CI 0.67 to 1.12). The overall difference in duration of severe neutropenia between filgrastim
and biosimilar filgrastim was not statistically significant. The risk ratio was 1.03 (95% CI 0.93 to
1.13). Conclusions: Filgrastim was effective and safe in reducing febrile neutropenia and related
complications, compared to placebo/no treatment. No notable differences were found between
pegfilgrastim and filgrastim in terms of efficacy and safety. However, a similar efficacy profile was
observed with FIL and its biosimilars.

Keywords: filgrastim; pegfilgrastim; meta-analysis; granulocyte-colony stimulating factors; febrile
neutropenia; systematic literature review; biosimilars
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1. Introduction

Neutropenia and its complications, including febrile neutropenia (FN) and infections,
are the major dose-limiting toxicity associated with myelosuppressive chemotherapy (MSC).
This is characterized by a significant reduction in neutrophilic count, accompanied by
fever. Severe neutropenia (grade 3 and grade 4) is characterized with a neutrophil count
of <1.0 × 109/L and <0.5 × 109/L, respectively [1]. FN complications are considered a
medical emergency and require prolonged hospitalization [2]. These patients then need to
be administered with broad-spectrum antibiotics, which indirectly increase the treatment
cost to the patients [1]. In particular, FN risk leads to chemotherapy delay, unplanned
dose reduction, substantial morbidity and mortality. Studies have shown that reduction in
intensity of chemotherapy are associated with poor outcomes, causing a detrimental effect
on the quality of life [3,4].

Granulocyte colony-stimulating factors (G-CSF) are glycoproteins that stimulate the
proliferation and differentiation of neutrophil progenitor cells and the release of neutrophils
from bone marrow into the blood [5,6]. G-CSFs are known to reduce the duration and
severity of neutropenia and decrease the incidence of FN [7–9]. The current treatment
guidelines for North America and Europe, which include National Comprehensive Cancer
Network (NCCN) [10], Spanish Society of Medical Oncology (SEOM) [11], American Soci-
ety of Clinical Oncology (ASCO) [12], Infectious Diseases Society of America (IDSA) [12]
and the European Society for Medical Oncology (ESMO) [13]. These bodies recommend
the primary prophylaxis (PP) with G-CSF when the likelihood of developing FN is >20%.
The G-CSF must be indicated based on patient characteristics, such as age >65 years, liver
or kidney dysfunction, persistent neutropenia, or prior episodes of FN [11,13,14]. The pro-
phylactic use of G-CSF is associated with reduction in incidence, severity and duration of
FN and severe chronic neutropenia (SCN), reduction in hospitalization and lower mortality
rate due to infection [1,15].

Filgrastim (FIL; Neupogen®) was the first G-CSF drug approved for treatment of
neutropenia by the United States Food and Drug Administration (US FDA) in 1991 [16].
As of 2018, Neupogen® is approved by the U.S. FDA mainly for 6 indications [17]. These
include (1) decreasing the incidence of infection and prevent FN in patients with cancer
receiving MSC; (2) reducing the time to neutrophil recovery and the duration of fever in
patients with acute myeloid leukemia (AML); (3) reducing the duration of neutropenia and
neutropenia-related clinical sequelae in patients with non-myeloid malignancies under-
going myeloablative chemotherapy followed by bone marrow transplantation (BMT); (4)
likewise, mobilizing autologous hematopoietic progenitor cells into the peripheral blood
for collection by leukapheresis (PBCL); (5) reducing incidence and duration of sequelae of
severe neutropenia in symptomatic patients with SCN; (6) increasing survival of patients
acutely exposed to myelosuppressive doses of radiation (hematopoietic syndrome of acute
radiation syndrome) (HSARS). Other short-acting G-CSFs include lenograstim and tbo-
filgrastim. However, because of the relatively short half-life of these short-acting G-CSFs,
daily injections are required to stimulate neutrophil recovery. Subsequently, long-acting
G-CSF drugs (pegfilgrastim (PEG-F) and lipegfilgrastim) were developed by increasing the
molecular size and thus, evading renal clearance. These long-acting G-CSFs have decreased
elimination and increased half-life in serum after subcutaneous injection [18]. Previously
randomized controlled trials (RCTs) and observational studies have suggested that a single
dose of PEG-F is equivalent and in some instances superior to 10–14 days of daily course
of FIL [19,20].

In last few years, with FIL patent expiry, several biosimilar filgrastim (Bio-F) have
been developed; these include Zarxio®, Granix® and Nivestym® [21]. These Bio-F were
developed to have similar analytical comparability and clinically no difference in quality,
safety and efficacy to their reference medicine [22]. The pathways of Bio-F were set by
the European Medicine Agency (EMA) and U.S. FDA, mainly checking comparability on
the basis of pharmacokinetic/pharmacodynamics properties, and preclinical and physico-
chemical characteristics based on one indication; they rely on the extrapolation of data of
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innovators to obtain approvals in other indications [23]. Several studies have shown that
PP with FIL versus placebo control treatment/no-treatment (PCT/NT) in cancer patients
is associated with reduction in intensity of infection and overall mortality rate [24,25].
Studies have also shown that PEG-F is more effective than FIL for chemotherapy-induced
neutropenia [26–29]. A real-world comparative efficacy study of PP with FIL, PEG-F and
Bio-F found no difference in terms of efficacy between FIL and Bio-F. In addition, risks of
FN and FN-related complications were generally lower for prophylaxis with PEG-F than
with short-acting G-CSF [30]. Several trials have evaluated the efficacy of FIL versus PEG-F
in clinical and real-world settings. However, only a single review has evaluated the efficacy
of FIL versus PCT/NT in all its U.S. approved indications [31].

Thus, a descriptive study summarizing CTs and real-world data for evaluating FIL
versus PEG-F and Bio-F across its indications can be useful to the researchers. Our decision
to study the effectiveness profile of addressed G-CSFs depended only on the current
availability of homogeneous series of published CTs that have evaluated the prophylactic
use of FIL in its approved indications.

2. Methods

These analyses were conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA).

2.1. Search Strategy

A systematic search of PubMed, Cochrane Central Register of Controlled Trials,
Cochrane Database of Systemic Reviews, Scholar, ClinicalTrials.gov, reference list of rele-
vant articles from inception to July 2020 were searched. A previous systematic literature
review by Dale et al. [31] presented a meta-analysis of originator FIL versus PCT/NT in its
U.S. approved indications up to December 2015. Therefore, databases were searched from
January 2016 onwards, whereas studies published prior to 2016 were identified from the
existing review. For FIL versus PEG-F and Bio-F studies, a complete search was made since
its inception. Bibliographies of retrieved papers, including product label information, were
searched for any additional relevant studies.

Search terms included “Neupogen”, “filgrastim”, “granulocyte colony-stimulating
factor”, “G-CSF/GCSF”, “recombinant human granulocyte colony stimulating factor (rhG-
CSF/rhGCSF)”, “r-met-HUG-CSF/r-metHuG-CSF, “hematopoietic growth factor” in com-
bination with the keywords “pegfilgrastim”, “Neulasta”, and “filgrastim biosimilars”. The
full search strategy is available in Supplementary Materials Table S1.

2.2. Inclusion and Exclusion Criteria

To be eligible for inclusion, we considered comparative studies, including RCTs (pa-
tients randomized to FIL or its comparators, non-randomized controlled trials (NRCTs)
(patients not randomly assigned to FIL or comparators) or observational studies (longitu-
dinal studies, open-label studies, registry studies), evaluating the efficacy and safety of
originator FIL with other short- or long-acting G-CSF, including Bio-F in its U.S. approved
indications. There were no restrictions regarding age, gender, duration of the study or
geographical region. Based on the title, abstracts and/or full manuscript, the study selec-
tion, data extraction and review and quality assessment were done by two independent
reviewers (MS, VK). Areas of disagreement or uncertainty were resolved by consensus.
For consistency with the existing systematic review [31], the studies with <50 patients
receiving FIL for all the indications, except for SCN and PBSCL (for SCN ≥ 10 patients
and for PBSCL ≥ 40 were included), were excluded. The study excluded the following:
non-comparative studies evaluating the efficacy and safety of biosimilars (comments, edi-
torials, case reports, non-research letters, and narrative reviews); economic analyses; cancer
registry reports; workshops; studies in animals but not in humans; single-arm studies; and
results published in languages other than English. The quality of the randomized studies
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was assessed by the Cochrane risk-of-bias tool version 2 (RoB 2) [32] as recommended by
the Cochrane Collaboration.

G-CSF reference medicines included in the meta-analysis were FIL, PEG-F and Bio-F.
Other GCSFs, such as mecapegfilgrastim and empegfilgrastim, were not included for the
calculation of FN incidence. The Bio-F investigated were Zarzio® (also known as EP2006),
tbo-filgrastim (also known as XM02), Fiprima® and Nivestim® (Hospira filgrastim).

2.3. Outcome Measures

The primary outcome of interest for efficacy and effectiveness were rate and duration
of grade 3 or 4 neutropenia and incidence rate of FN. Secondary endpoints were time to
absolute neutrophil count (ANC) recovery; depth of ANC nadir (lowest ANC); time to
neutrophil recovery (defined as the time from chemotherapy administration until the ANC
increased to ≥2.0 × 109/L after the expected nadir); chemotherapy dose reductions/delays,
reduced dose intensity and number of patients receiving full dose on schedule; incidence
and duration of hospitalization and fever; and need for antibiotic prophylaxis or treatment.
For FIL innovator and Bio-F comparison, the primary endpoint of efficacy was the duration
of FN (DSN) during cycle 1, and the secondary endpoint included the depth of ANC nadir
(lowest ANC), time to neutrophil recovery, and FN.

For safety outcomes, the incidence of adverse events (AEs) related to FIL, includ-
ing muscle pain, bone pain, anemia, diarrhea, leukocytosis, thrombocytopenia, allergic
reactions, alopecia, and anorexia and the incidence of serious adverse event (SAE) were
collected. Moreover, on comparison of FIL with PCT/NT, any AEs experienced were asso-
ciated with FIL. In the case of FIL innovator and Bio-F comparison, the safety endpoints
were muscle pain, bone pain and SAEs recorded across all CT cycles.

2.4. Data Abstraction and Analysis

The key characteristics of each study were extracted by the reviewers from full text ver-
sions of the studies. Descriptive analyses were used to summarize the studies and included
the first author’s name and year of publication, study design, cancer type and stage, country,
patient characteristics (number of patients enrolled, age and sex), chemotherapy regimens
and dose treatment. All data were summarized in a structured table to ensure consistency.
The studies were classified, according to the filgrastim U.S. FDA approved indications.

Random-effect meta-analysis was used to synthesize the results from direct (head-to-
head) trials for FN, grade 3 to 4 neutropenia and bone pain in CIN to compare the results
from trials for FIL versus PCT/NT and FIL versus PEG-F; relative risks (RR) were deter-
mined. Heterogeneity across studies was assessed, using forest plots. The inconsistency
index (I2) was used to quantify the percentage of variability due to heterogeneity rather
than sampling error.

Meta-analysis methods for continuous outcome measures varied, due to differences
in the availability of the reported results. For FIL and Bio-F comparison, mean treatment
differences were extracted from each individual study. In the case that the median was
provided instead of the mean, we assumed normality and considered it equal to mean.
Where range was provided, we calculated SD as range/4. Due to limited and heterogeneous
data, for other outcomes, the mean and median were summarized, and the meta-analysis
was not performed.

The presence of publication bias for small study effect appraisal was assessed by
visual examination of funnel plots. Statistical significance is based on data provided in
original publication using p < 0.05. Computations were performed using MedCalc Version
19.6.1 software.

3. Results

According to our research query, 14,950 potentially relevant records were identified.
For FIL versus PCT/NT, studies published from 2016 onwards were identified from the
literature search, and studies published prior to 2016 were identified from the previous
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review [31]. In addition, studies related to FIL versus PEG-F and FIL versus Bio-F were
searched separately. After removal of duplicates, a total of 56 studies that satisfied the
inclusion criteria were included in our systematic review. The PRISMA flow diagram
describing the search strategy and study selection process is available in Figure 1.

Figure 1. Study selection diagram. The flow diagram explains the selection process of clini-
cal trials included in the meta-analysis. AML = acute myeloid leukemia; BMT = bone marrow
transplantation; CIN = chemotherapy-induced neutropenia; NRCT = non- randomized controlled
trial; PBCL = peripheral blood for collection by leukapheresis; RCT = randomized controlled trial;
SCN = severe chronic neutropenia.

3.1. Description of Studies

The studies represent data from 13,058 patients globally with FIL administered to
6072 patients, including 3998 patients from FIL-CIN (filgrastim in chemotherapy induced
neutropenia patients) (FIL versus PCT/NT; FIL versus PEG-F; FIL versus Bio-F), 1069
patients from FIL-AML (filgrastim in acute myeloid leukemia patients) (FIL versus PCT/NT;
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FIL versus PEG-F), 79 patients from FIL-SCN (filgrastim in severe chronic neutropenia
patients) (FIL versus PCT/NT), 671 patients from FIL-BMT (filgrastim in bone marrow
transplantation) (FIL versus PCT/NT) and 255 patients from FIL-PBCL (filgrastim in
peripheral blood for collection by leukapheresis) (FIL versus Bio-F).

Among the 56 studies included in the meta-analysis for approved indications, the
following were included: 34 studies of FIL versus PCT/NT (Supplementary Materials
Table S8) comprising 21 studies in CIN indication (14 RCTs [7,33–45], 1 NRCT [46] and 6
observational [47–52]); 7 studies in AML indication (6 RCTs [53–58] and 1 NRCT [59]); 2
studies in SCN indication (1 RCT [60] and 1 observational [61]); 4 studies in BMT indication
(2 RCTs [62,63] and 2 observational [64,65]). A total of 13 studies of FIL versus PEG-F were
included (Supplementary Materials Table S9): 12 RCTs of CIN indication [8,9,19,66–74]
and 1 RCT of AML indication [75]. A total of 9 studies of FIL versus Bio-F were included
(Supplementary Materials Table S10): 6 RCTs of CIN indication [76–81] and 3 observational
studies of PBCL indication [82–84]. No studies evaluating FIL versus PCT/NT in HSARS
indication met the eligibility criteria for data extraction.

Among the included studies, 17 reports provided data from the trials of breast
cancer [8,9,19,39,47,66–72,76–78,80,81]; 1 study involved non-small-cell lung carcinoma
(NSCLC) [46]; 4 studies were for small cell lung carcinoma (SCLC) [7,33,36,45]; 1 was for col-
orectal cancer [48]; 9 involved non-Hodgkin’s lymphoma (NHL) [34,35,42,63,64,70,73,74,79];
7 studies involved acute leukemia lymphoma (ALL) [38,40,43,44,52,62,82]; 8 AML [53–59,75];
2 SCN [60,61]; 1 with germ cell tumors [37]; 1 with metastatic neuroblastoma [41]; and 6
were multiple myeloma (MM) [49–51,65,83,84]. Across trials, the percentage of females
ranged from 31% to 100% in the case of breast cancer.

Full descriptions of chemotherapy regimens and treatments are provided in Table 1,
Supplementary Materials Tables S2–S4 and Supplementary Materials Tables S11–S13. Base-
line population characteristics are summarized in Supplementary Materials Tables S5–S7.
The assessment of quality of each randomized trial is shown in Supplementary Materials
Figure S1. Publication bias among studies is shown by funnel plots in Supplementary
Materials Figures S2 and S3.
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Table 1. Incidence of FN and Grade 3 or 4 neutropenia in CIN (RCT trials).

Study Tumor Type
Filgrastim

Intervention and Patient
Number

FN Incidence
Grade 3 or 4
Neutropenia

Incidence
Definition of FN

FIL vs. PCT/NT

Crawford et al., 2005 [33] SCLC
N = 231

Filgrastim = 111
Placebo = 120

Incidence of FN 38% vs. 74%
p = 0.001

Grade 4 neutropenia incidence in
cycle 1 82% vs. 97% ≥38.2 ◦C

Timmer-Bonte et al., 2005 [36] SCLC
N = 175

Filgrastim = 90
Placebo = 85

Incidence of FN in cycle
1:10% vs. 24%

Incidence of FN 2 to 5 cycles:
11% vs. 17%

p = 0.001

NR ≥38.2 ◦C

Doorduijun et al., 2003 [34] NHL
N = 389

Filgrastim = 197
Placebo = 192

Incidence of FN 36.5% vs.
44.8%

p = 0.04
NR ≥38.2 ◦C

Obsy et al., 2003 [35] NHL
N = 455

Filgrastim = 226
Placebo = 229

Granulocytopenic fever (<0.5
× 109/L)

CHOP arms 34% vs. 50%
p = not reported

Granulocytopenia (<0.5 × 109/L)
CHOP arms 55% vs. 89%

>38.5 ◦C once or >38.0 ◦C
twice in 4 h

Obsy et al., 2003 [35] NHL
N = 455

Filgrastim = 226
Placebo = 229

Granulocytopenic fever (<0.5
× 109/L)

CNOP arms 32% vs. 50%
p = not reported

Granulocytopenia (<0.5 × 109/L)
CNOP arms 64% vs. 86%

>38.5 ◦C once or >38.0 ◦C
twice in 4 h

Papaldo et al., 2003 [39] Breast Cancer
N = 503

Filgrastim = 254
No Filgrastim = 249

Incidence of FN 1.2% vs. 6.6%
p = 0.004

Grade 3/4 neutropenia: 28.6 vs.
81.6%

p < 0.00001
NR

Fossa et al., 1998 [37] Germ Cell
N = 259

Filgrastim = 129
No Filgrastim = 130

Incidence of FN 20% vs. 30%
p < 0.052 NR NR

Geissler et al., 1997 [40] ALL
N = 51

Filgrastim = 25
Placebo = 26

Incidence of FN 12% vs. 42%
p = not reported NR >38.0 ◦C

Ottmann et al., 1995 [52] ALL
N = 76

Filgrastim = 37
No filgrastim = 39

Duration of prolonged
neutropenia incidence 22% vs.

42%
p = not reported

NR >38.0 ◦C
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Table 1. Cont.

Study Tumor Type
Filgrastim

Intervention and Patient
Number

FN Incidence
Grade 3 or 4
Neutropenia

Incidence
Definition of FN

Zinzani et al., 1997 [42] NHL
N = 149

Filgrastim = 77
No filgrastim = 72

NR
Grade 4 neutropenia

incidence 23.0% vs. 55.5%
p = 0.00005

NR

Gebbia et al., 1993 [51] Breast cancer
N = 86

Filgrastim = 43
Placebo = 43

Incidence of FN 12% vs. 32%
p < 0.05

Grade 3 and 4 neutropenia
18% vs. 42%

p < 0.05
>38.0 ◦C

Trillet-Lenoir et al., 1993 [45] SCLC
N = 129

Filgrastim = 65
Placebo = 64

Incidence of FN 26% vs. 53%
p = 0.002 NR ≥38.2 ◦C

Crawford et al., 1991 [7] SCLC
N = 199

Filgrastim = 95
Placebo = 104

Incidence of FN in cycle 1
28% vs. 57%

p < 0.001
FN incidence across 6 cycles

40% vs. 77%
p < 0.001

Grade 4 neutropenia
incidence in cycle 1

84% vs. 98%
p = 0.001

≥38.2 ◦C

FIL vs. PEG-F

Park et al., 2017 [66] Breast Cancer
N = 74

Filgrastim = 38
DA 3031 = 36

Incidence of FN 7.9% vs.
17.1% NR NR

Kubo et al., 2016 [70] NHL
N = 111

Filgrastim = 56
Pegfilgrastim = 55

Incidence of FN 55.6% vs.
56.6%

p = not reported
NR <37.5 ◦C

Zhang et al., 2015 [68] Breast Cancer

N = 171
Filgrastim = 43

PEG 60 µg/kg = 43
PEG 100 µg/kg = 43
PEG 120 µg/kg = 42

Incidence of FN
11.63% vs. 6.98% vs. 4.65% vs.

11.90%
NR ≥38.2 ◦C

Park et al., 2013 [67] Breast Cancer

N = 61
Filgrastim = 21

DA-3031 3.6 mg = 20
DA-3031 6 mg = 20

Incidence of FN9.5% vs. 15%
vs. 5% NR NR
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Table 1. Cont.

Study Tumor Type
Filgrastim

Intervention and Patient
Number

FN Incidence
Grade 3 or 4
Neutropenia

Incidence
Definition of FN

Green et al., 2003 [8] Breast Cancer
N = 152

Filgrastim: 75
Pegfilgrastim: 77

Incidence of FN 15% vs. 9% NR ≥38.2 ◦C

Grigg et al., 2003 [73] NHL
N = 50

Filgrastim: 22
Pegfilgrastim: 27

Incidence of FN in cycle 1
was 0% vs. 15% NR ≥38.2 ◦C

Vose et al., 2003 [74] NHL
N = 60

Filgrastim: 31
Pegfilgrastim: 29

Incidence of FN 19% vs. 21% Incidence of grade 4
neutropenia 68% vs. 69% ≥38.2 ◦C

Holmes et al., 2002 [9] Breast Cancer
N = 296

Filgrastim: 147
Pegfilgrastim: 149

Incidence of FN 18% vs. 9%
Incidence of grade 4

neutropenia in cycle 1
79% vs. 77%

≥38.2 ◦C

Holmes et al., 2002 [19] Breast Cancer

N = 125
Filgrastim = 25

PEG 30 µg/kg = 19
PEG 60 µg/kg = 60

PEG 100 µg/kg = 46

Incidence of FN 4% vs. 21%
vs. 8% vs. 7%

Incidence of grade 4
neutropenia 76% vs. 95% vs.

90% vs. 74%
≥38.2 ◦C

FIL vs. Bio-F

Blackwell et al., 2018 [76] Breast Cancer

N = 213
Filgrastim: 51

Switched biosimilar: 109
EP2006: 53

Incidence of FN across cycles
2–6

0% vs. 3.4%
NR ≥38.3 ◦C

Hegg et al., 2016 [80] Breast Cancer
N = 217

Filgrastim: 108
Biosimilar filgrastim: 109

NR NR ≥38.2 ◦C

Blackwell et al., 2015 [77] Breast Cancer
N = 214

Filgrastim: 107
EP 2006: 107

NR NR ≥38.3 ◦C
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Table 1. Cont.

Study Tumor Type
Filgrastim

Intervention and Patient
Number

FN Incidence
Grade 3 or 4
Neutropenia

Incidence
Definition of FN

Waller et al., 2010 [81] Breast Cancer
N = 278

Filgrastim: 95
Biosimilar filgrastim: 183

Incidence of FN in cycle 1–3
2.4% vs. 2.4% NR ≥38.5 ◦C

del Giglio et al., 2008 [78] Breast Cancer

N = 348
Filgrastim: n = 136

XM02: n = 140
Placebo/XM02: n = 72

FN incidence 20.7% vs. 22.1%
vs. 41.7% NR >38.5 ◦C

Abbreviations: FIL: filgrastim; FN: febrile neutropenia; PCT/NT: placebo/no treatment; NR: not reported; SCLC: small-cell lung carcinoma; NHL: non-Hodgkin lymphoma; ALL: acute lymphoblastic leukemia.
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3.2. Outcome of FIL versus PCT/NT by Indication
3.2.1. CIN Indication

FN incidence: 11 of 21 studies [7,33–37,39,40,45,51,52] mentioned FN incidence and
were selected for study. The studies enrolled 2553 patients in total (FIL, n = 1272; PCT/NT,
n = 1281). All studies used the same definition of FN (ANC <0.5 × 109/L and temperatures
≥38.2 ◦C), except for 4 RCTs [7,45,51,52], which defined FN as ANC <1 × 109/L and
≥38.2 ◦C. The risk of FN in patients receiving FIL ranged from 1% to 38% with a mean of
23% (95% CI: 16–30%), compared to PCT/NT from 7% to 74% with a mean of 42% (95% CI:
32–52%). The PP with FIL decreased the risk of FN, compared with PCT/NT (RR 0.58, 95%
CI 0.50–0.67) (Figure 2). Statistical heterogeneity was observed in the analyses as shown by
I2 statistic and Q-statistic (I2 = 35.4%, Q-value = 17, p = 0.11), using the random effect model.
The variation is influenced by factors such as cancer type, patient age, chemotherapy
regimen, number of cycles and cycle length.

Figure 2. Filgrastim versus placebo/no treatment. Risk estimates in CIN patients for FN incidence (2553 total patients;
filgrastim, n = 1272; placebo or no treatment, n = 1281) and grade 3 or 4 neutropenia incidence (1623 total patients; filgrastim,
n = 806; placebo or no treatment, n = 817). Random effects meta-analysis was performed for the outcomes to compare data
from clinical trials for filgrastim versus placebo or no treatment, and the relative risk was determined.

Grade 3 or 4 neutropenia: A total of 6 of 21 studies [7,33,35,39,42,51] reported grade 3
or 4 neutropenia incidence and were included in the meta-analysis. Data analyzed were
from 1576 total patients (FIL, n = 408; PCT/NT, n = 656). The incidence of developing grade
3 or 4 neutropenia was significantly lower with FIL, compared to PCT/NT (RR 0.60, 95% CI
0.37 to 0.99). The Q-statistic was statistically significant, suggesting evidence of relatively
high level of statistical heterogeneity in the combined studies (I2 = 98.8%, Q-value = 507.1,
p < 0.0001).

Duration of grade 3 or 4 neutropenia: Three RCTs [7,38,45] and one NCT [46] reported
duration of grade 3 or 4 neutropenia. In all the 4 studies, the median duration was shorter
for FIL versus PCT/NT, and ranged from 3 to 13 days.
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Documented infection: Of 11 trials, 8 RCTs [7,34,37,38,42,43,45,50] and 3 observational
studies [40,51,52] documented infection. The risk of documented infection in the FIL
group ranged from 1.5% to 78% with a mean of 21.2 (95% CI 7.4 to 35). The risk of
infections in PCT/NT ranged from 1% to 77% with a mean of 33.2 (95% CI 16.3 to 50.1).
Three RCTs [34,42,43] reported significantly lower infection rates with FIL compared
to PCT/NT, whereas two RCTs [38,45] and two observational studies [50,52] reported
non-significant results.

Hospitalization: Seven RCTs [7,34–36,38,41,43], one NRCT [46] and one observa-
tional study [50] reported hospitalization with statistical comparison provided in six
RCTs [7,34,35,38,43,45] and one observational study [50]. The mean hospitalization days
for FIL were 10 days, compared to PCT/NT 14 days. In NRCT [46], the mean days of
hospitalization with FIL were lower in NSCLC but higher in NHL. Significant improvement
in hospital outcomes were observed in the granulocytopenic fever requiring hospitaliza-
tion study [35], infection-related hospitalization, and median days of hospitalization in
two studies [38,43]. There was no significant difference in hospitalization observed in the
observational study [50] with FIL PP versus no FIL PP.

Relative dose intensity (RDI), dose reduction and treatment delay: Five RCTs reported
RDI with statistical comparison provided in all studies. In studies with aggressive NHL [35]
and germ cell tumor [37], RDI was significantly improved with FIL versus PCT/NT but
not significantly different in breast cancer [39] and NHL [34,42] studies. In observational
studies, significant improvement in RDI was observed in the multiple carcinoma study [51]
in patients treated with FIL. In another observational study, [47] patients who received FIL
(98%; range of 75%–117%) received a significantly higher mean RDI of their chemotherapy
than those who were not given FIL (95%; range: 60–100%; p = 0.005). Chemotherapy
dose reduction and dose delay was observed in two RCT [39,45], one NRCT [46] and one
observational study [47] with statistical comparison provided in two studies. In RCTs, the
dose reduction and dose delay were significantly reduced with FIL, compared to PCT/NT,
in breast cancer [39]. However, in SCLC [45], significant dose reduction was observed but
statistical significance was not mentioned for dose delay. In the observational study [47],
both dose reduction and delay were not significant; however, in NRCT [46], the dose
reduction was reduced but statistical significance was not reported. These were some of
the avoidable omissions that made the study insipid.

Overall Survival (OS): There were generally fewer OS events among patients receiving
FIL versus PCT/NT in the PCT studies. Only 8 trials reported OS [7,34,35,37–39,42,45]. The
median follow-up time were 30 months [42], 33 months [34], 55 months [39], 57 months [35]
and 4.7 years [38]. Two studies [34,38] reported no significant results, whereas in other
studies, no statistical comparison was shown. None of the studies reported a difference in
the survival rates of FIL versus PCT/NT.

Adverse Events (AEs): The results analyzed from 4 of 21 studies [7,38,44,45] reported
sufficient data on bone pain. The mean frequency of bone pain among control subjects was
8.6% (95% CI: 1.5% to 16%; range, 1% to 24%), which was less than that in patients receiving
FIL with mean 15% (95% CI: 5% to 25%; range, 1% to 35%). The RR of developing bone
pain was higher with FIL versus PCT/NT (RR 1.75, 95% CI 0.94 to 3.28). Musculoskeletal
pain was reported in an additional six studies ranging from 1.0% to 22% [35,42,44,45,51,52].
Other AEs reported were fatigue, nausea, headache, alopecia, thrombocytopenia and oral,
cardiac, liver and general toxicities.

3.2.2. AML Indication

Seven studies [53–59] evaluating FIL versus PCT/NT in AML indication enrolled 2075
patients in total, with FIL administered to 1028 patients. Four RCTs [53,54,56,58] reported
the effect of FIL following induction chemotherapy, one RCT [55] reported the effect of FIL
on outcomes following both induction and consolidation chemotherapy, and one RCT [57]
and one NRCT [59] reported the effect of FIL following consolidation chemotherapy.
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Duration of Grade 3 or 4 neutropenia: Two RCTs [57,58] reported grade 3 or 4 neu-
tropenia. In both the studies, the median duration of neutropenia was shorter with FIL
compared to PCT/NT and ranged from 10 to 12 days.

Documented infection: Five trials in AML indication, four RCTs [53,56–58] and one
NRCT [59] documented infection. The mean risk of documented infection in the FIL group
was 51 (95% CI 30.5 to 71.5), compared with a mean risk in PCT/NT group of 52.2 (95% CI
28.4 to 76) without significant heterogeneity.

Hospitalization: Four RCTs [54,56–58] and one NRCT [59] reported hospitalization
with statistically significant results in two RCTs [58]. The mean hospitalization days were
27 days (95% CI: 24% to 30%) compared to the placebo of 33 days (95% CI: 27% to 39%). In
AML patients, 4 RCTs reported OS receiving induction therapy, with no statistical difference
observed between FIL versus PCT/NT in 3 RCTs [53,54,58]. The median follow-up time
was 20 months [53] and 7 years [58].

AEs: Two of seven studies in AML indication [56,75] reported enough data on bone
pain. The AEs reports were the same as previously discussed in the CIN indication. In
addition, the AEs reported in AML indication included skin rash. A study [53] in AML
indication reported Sweet’s disease, chest pain, generalized pruritus and skin rash in
FIL patients.

3.2.3. SCN Indication

Two studies [60,61] evaluated SCN indication and enrolled 169 patients with FIL
administered to 79 patients. Among them, one was observational [61] and the other was a
RCT phase III study [60].

3.2.4. BMT Indication

Two RCTs [62,63] and two observational studies [64,65] that assessed FIL on haemopoi-
etic recovery following high dose chemotherapy with bone marrow transplantation or
PBSC support enrolled 922 patients in total, with FIL administered to 671 patients.

One RCT [63] compared two different doses of filgrastim 5 µg/kg/dose, s.c. bolus
versus 10 µg/kg/dose continuous infusion following autologous BMT in patients with
Hodgkin’s disease and NHL. The results showed no difference in the median time to reach
ANC and in the median duration of neutropenia. The incidence and duration of AEs
were also the same in both groups, concluding that the recommended dose of FIL after
BMT should be 5 µg/kg/dose. Another RCT [62] enrolled pediatric patients with FIL
administered to 51 patients suffering from hematological malignancies and solid tumors
who underwent autologous PBPC transplantation. The median time to achieve ANC
>0.5 × 109/L was 10 days (range: 7–14) with FIL and 11 days (range: 8–21) in control
group (p < 0.009). The median time to platelet >20 × 109/L was 12 days in both groups
(p = nonsignificant). The median time to platelet >50 × 109/L was 15 days with FIL and 14
days in the control group (p < 0.005). In patients who received <5 × 106/kg CD34 + cells,
the median time to platelets >20 × 109/L and >50 × 109/L was similar with or without
FIL (12 and 15 days, respectively).

The observational study [64] compared FIL-mobilized PBSC transplantation with
FIL-primed autologous BMT. Patients affected by NHL or HL were selected for autologous
transplantation. The results showed that the median time to platelet recovery >20 × 109/L
was 13 days for BM and 11 days for peripheral blood. The median time of hospital stay after
reinfusion was non-significantly less for primed peripheral blood as compared to primed
BMT (15.5 days versus 16.5 days). Thus, the results were similar for FIL-primed peripheral
blood and FIL-primed BMT with an advantage of only 1 day in neutrophil recovery and 1
day in hospitalization stay. The other observational study [65] is a cohort one, performed
on autologous SCT for MM with or without administering growth factors. The results
suggested that it was feasible to perform autologous SCT without growth factors.
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3.3. Outcome of FIL versus PEG-F by Indication
3.3.1. CIN Indication

FN incidence: In FIL versus PEG-F head-to-head trials, the pooled comparison sug-
gested that PEG-F had a lower risk of FN than those who received FIL (Figure 3). The
overall RR was 0.90 (95% CI 0.67 to 1.12). Statistical heterogeneity as shown by the I2

statistic and Q statistic was I2 = 0.52%, Q-value = 11.7, and p = 0.42, using the random effect
model. Among 12 studies that reported FN incidence, the risk of FN was statistically lower
among patients treated with PEG-F in 1 study [9], numerically lower in 3 studies [8,68,71]
and numerically higher in 8 studies [19,66,67,69,70,72–74]. FN-related hospitalization was
less commonly reported in the included studies. One study [66] that provided statistical
comparisons of FN-related hospitalization among patients treated with PEG-F versus FIL
non-significantly reported lower risks of FN-related hospitalization among patients treated
with PEG-F.

Figure 3. Pegfilgrastim versus filgrastim. Risk estimates in CIN patients for FN incidence (997 total patients; pegfilgrastim,
n = 508; filgrastim, n = 489) and grade 3 or 4 neutropenia incidence (400 total patients; pegfilgrastim, n = 203; filgrastim,
n = 197). Random effects meta-analysis was performed for the outcomes to compare data from clinical trials for pegfilgrastim
versus filgrastim, and the relative risk was determined.

Grade 3 or 4 neutropenia: Three of twelve studies [9,19,74] reported grade 3 or 4
neutropenia incidence and were included in the meta-analysis. Data analyzed were from
400 total patients (PEG-F, n = 156; FIL, n = 152). The differences between the arms were
quite small (RR 0.95, 95% CI 0.81 to 1.12). The Q statistic was statistically insignificant
(I2 = 39.6%, Q-value = 3.31, p = 0.55). There was no appreciable difference in the duration
of grade 3 or 4 neutropenia in studies with a mean of 1.9 (95% CI 1.29 to 2.5).

Time to ANC recovery: Five studies [8,9,19,67,68] compared the efficacy of FIL
versus PEG-F, with one study [19] reflecting shorter time to recovery for PEG-F, three
studies [9,66,68] estimating in the opposite direction and the remaining one study [8]
showing the same time in ANC recovery.

AEs: Data analyzed from 4 of 12 studies [19,68,70,71] reported sufficient data on bone
pain. The mean frequency of bone pain among PEG-F group was 3.1% (95% CI: 0.4% to
5.8%; range, 1% to 7%), which was less than among patients receiving FIL with mean
6.7% (95% CI: 5.0% to 8.4%; range, 5% to 9%). The RR of developing bone pain was non-
significantly higher with FIL, compared to PEG-F (RR 0.56, 95% CI 0.26 to 1.19). Other AEs
experienced were back pain, arthralgia, myalgia, thrombocytopenia, and general toxicities.
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3.3.2. AML Indication

The multicenter phase II RCT [75] analyzed patients with AML and compared single
dose of PEG-F versus daily dose of FIL in 83 patients (Peg-F = 42 patients versus FIL = 41
patients). Median time to ANC recovery was 22.0 days (difference between groups 0.0;
95% CI: 0.9 to 1.9 days) in both groups during induction 1. During consolidation, recovery
occurred after a median of 17.0 days for PEG-F versus 16.5 days for FIL (difference 0.5 days;
95% CI: 1.1 to 2.1). The FN incidence was 81% in PEG-F (median duration 15 (11, 20)
days) versus 88% in FIL group (median duration 14 (11.5, 18.5) days) during induction
1. During consolidation, fever was reported in more patients in the PEG-F group (77%)
versus the FIL group (58%), but the median duration was two in both groups. The AE
profile was similar in both groups. Thus, the study suggested no meaningful difference
between a single dose of PEG-F and multiple doses of FIL for shortening the duration of
SN following chemotherapy.

3.4. Outcome of FIL versus Bio-F

Five studies [76–81] were conducted for evaluating FIL versus Bio-F: a total of 1117
patients were enrolled in total, with FIL administered to 487 patients. The results of the
primary endpoint outcome indicated that the pooled mean difference in DSN between FIL
and Bio-F were small and not statistically significant (mean difference 0.37; RR = 1.029, 95%
CI 0.933–1.134, I2 = 0.0%) (Figure 4). No clinically meaningful differences were observed
regarding any other secondary efficacy parameter. The difference in mean ANC depth
between FIL and Bio-F was 0.05 × 109/L, and the time to ANC nadir for patients for both
the treatments were same. The proportion of patients experiencing FN was similar between
the FIL and Bio-F groups (RR = 0.87, 95% CI 0.56–1.35, I2 = 0.0%). Safety outcomes were
also found to be similar between FIL and Bio-F, including bone pain (RR 1.18; 95% CI 0.68
to 2.05) and myalgia events (RR 1.05; 95% CI 0.675 to 1.631). The overall analysis therefore
revealed no significant difference between FIL and Bio-F.

Figure 4. Filgrastim versus biosimilar filgrastim. Risk estimates: duration of severe neutropenia (1117 total patients;
filgrastim, n = 487; pegfilgrastim, n = 630). Random effects meta-analysis was performed for the outcomes to compare data
from clinical trials for filgrastim versus biosimilar filgrastim, and the relative risk was determined.

4. Discussion

In the present meta-analysis, the comparative effectiveness of G-CSF drugs (FIL versus
PCT/NT; FIL versus PEG-F; FIL versus Bio-F) for cancer patients receiving chemotherapy
in 56 studies containing 13,058 patients were evaluated, using FN, grade 3 or 4 neutropenia
and bone pain as indicators. The 42 RCTs, 2 NRCTs and 12 observational studies in CIN,
AML, SCN, BMT and PBCL indication identified in this study were between 1991 and
2019. The studies described here included multiple types of cancer, multiple geographic
locations, different age groups and different healthcare systems, thereby increasing the
generalizability of these results. The FIL dose, frequency and duration were provided
in most studies, i.e., 52/56 studies (93%), and were varied across the studies. However,
extensive study needs to be done to understand the effect of the modification of dose,
frequency and duration of FIL.
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Our meta-analyses confirm and strengthen the previous evidence that PP with FIL in
U.S. approved indications is effective in reducing chemotherapy-associated FN. In particu-
lar for CIN, the indication of the risk of febrile neutropenia in filgrastim versus placebo/no
treatment was not statistically significant (RR 0.58, 95% CI 0.50 to 0.67). However, the
rate of reducing grade 3 or 4 neutropenia in filgrastim was statistically significant when
compared to placebo/no treatment (RR 0.60, 95% CI 0.37 to 0.99). Regarding secondary
outcomes, hospitalization was 10 days in FIL patients, compared to 14 days in PCT/NT
patients, and documented infection associated with several malignancies and treatment
regimens was less with FIL versus PCT/NT. These findings are consistent with the previous
observations [31,85]. A study by Lyman et al. [86] suggested a non-significant increase
in OS in patients receiving FIL versus PCT/NT, but in our analysis and in the study by
Dale et al. [31], none of the studies reported a difference in the survival rates of FIL versus
placebo. Additionally, the follow-up time was not consistently reported among the studies.

In AML, the median duration of neutropenia was observed to be shorter with FIL,
compared to PCT/NT (10-12 days versus 15-17 days). FIL also shortened the time to ANC
recovery in three RCTs [53,56,58] following induction chemotherapy and one NRCT [59]
following consolidation chemotherapy, with no significant difference in the documented
sources of infection. Similar results were reported by Bradley and colleagues [87] in their
retrospective medical records review study and requires substantially larger trials. We did
not find any OS benefit in patients receiving induction therapy in three RCTs [53,54,58].

In SCN indication, FIL increased the median ANC count and resulted in approximately
50% reduction in incidence and duration of infection-related events [60]. These results
were confirmed by a long-term follow-up study of nearly 853 patients treated with daily or
alternate day FIL injection [88].

When compared to PEG-F, our findings demonstrated that no notable differences
were found between PEG-F and FIL in terms of efficacy and safety. Various studies have
demonstrated that a single, fixed dose of PEG-F supports neutrophil recovery in a manner
similar to a daily dose of FIL and is cost-effective [8,89]. However, a pooled analysis of
trials suggests that PEG-F could be, in fact, advantageous in this respect. The safety profile
of PEG-F was similar to FIL, and the mean frequency of bone pain among patients was less
in the PEG-F arm than in the FIL arm.

The results from this meta-analysis showed that Bio-F is similar to reference FIL when
assessed from the available RCTs. DSN was the primary endpoint when comparing FIL
with Bio-F. The pooled mean difference in DSN between reference FIL and Bio-F was
statistically not significant (0.37 d; 95% CI 0.933–1.134). For secondary efficacy endpoints,
no clinically meaningful differences were observed. A meta-analysis including studies
in patient with breast cancer who received either reference FIL/PEG-F or biosimilar FIL
also reported a non-significant difference in DSN (0.06 d; 95% CI 0.05–0.17). The meta-
analysis included eight RCTs, where FIL found reference in five studies and PEG-F in three
studies [90]. The results from the study showed a difference of 0.09 (95% CI 0.15–0.05),
indicating a very small difference between the two studies. The results we reported support
the role of Bio-F in supportive care of patients receiving myelosuppressive chemotherapy.
This presents an opportunity of cost savings associated with the use of biosimilars as
reported in cost efficiency analysis studies [91–94]. These cost-savings can improve the
financial sustainability of the healthcare system and increase patient’s uptake of biologics.

Bone pain is one of the common AEs associated with G-CSF drugs FIL and PEG-F [95]
and is also an indicator of G-CSF drug tolerance. FIL showed a non-significant increase
in the incidence of bone pain (RR 1.75, 95% CI 0.94 to 3.28) when compared to PCT/NT.
Additionally, when compared with PEG-F, a non-significant increase in the incidence of
bone pain was observed with FIL (RR 0.56, 95% CI 0.26 to 1.19). These results are consistent
with results of other meta-analyses [85,96]. Another ADR observed was thrombocytopenia,
which developed as an undesirable side-effect after PEG-F administration [69,74]. This is
more likely due to bone marrow exhaustion from pre-treatment with highly myelosup-
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pressive agents [97]. AEs, such as pulmonary toxicity in GCM tumor patients [37] and
splenomegaly in SCN patients [60], were also observed.

The study shares a few limitations of most of the meta-analyses. First, there are
differences in the baseline patient characteristics (e.g., cancer type, and patient history),
differences in study design (dose and timing of intervention), changes in concomitant
treatment strategies (prophylactic antibiotic use) and differences in the definition of FN
and efficacy outcomes. Second, systematic reviews and meta-analysis rely on the quality of
the included studies. Most included studies were considered at low risk of bias; patients
were usually not blinded. Thirdly, studies of BMT and PBPC were excluded, due to sample
size. Fourth, the number of studies included for FIL-Bio-F comparison was small; to limit
the potential for bias, efforts were made to include all relevant studies in this meta-analysis,
including searching reference list and online databases of registered clinical trials.

5. Conclusions

In conclusion, this is the largest dataset evaluating simultaneously the efficacy of
FIL versus PCT/NT, FIL versus PEG-F, and FIL versus Bio-F in U.S. approved indica-
tions. The findings from this study demonstrated that PP with FIL, when compared to
placebo, is effective in reducing the risk of FN in adults undergoing myelosuppressive
chemotherapy. In addition, no notable differences were found between PEG-F and FIL.
Bone pain was the most reported AE of FIL across all indications. Clinically no significant
differences were observed in the efficacy and safety between reference FIL and biosimilar
medicines. More head-to-head trials and real-world data analyses are suggested to validate
the comparative findings.
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