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Abstract

Background: Pedfilgrastim, a long-acting granulocyte colony-stimulating factor (G-CSF), is commonly used to
prevent febrile neutropenia (FN), a potentially life-threatening complication, following myelosuppressive
chemotherapy. The FDA label for pedfilgrastim specifies that it should not be administered 14 days before or within
24 h of administration of myelosuppressive chemotherapy, precluding the use of pegdfilgrastim in biweekly (Q2W)
regimens. The National Comprehensive Cancer Network and the European Organisation for Research and
Treatment of Cancer guidelines support the use of prophylactic pegfilgrastim in patients receiving Q2W regimens.
The objective of this study was to systematically review evidence from randomized clinical trials (RCTs) and
observational studies that describe the effectiveness and safety of prophylactic pegfilgrastim in preventing FN
among patients receiving Q2W regimens.

Methods: An Ovid MEDLINE, Embase, and Cochrane Library literature search was conducted to evaluate the
evidence regarding efficacy, effectiveness, and safety of prophylactic pegfilgrastim versus no prophylactic
pedfilgrastim or prophylaxis with other G-CSF in patients who were receiving Q2W chemotherapy regimens with
high (> 20%) or intermediate (10-20%) risk of FN for a non-myeloid malignancy. Studies that addressed absolute or
relative risk of FN, grade 1-4 neutropenia, all-cause or any hospitalization, dose delays or dose reductions, adverse
events, or mortality were included. Studies where the comparator was a Q3W chemotherapy regimen with primary
prophylactic pedfilgrastim were also included.
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were observed between pedfilgrastim and comparators.

Results: The initial literature search identified 2258 publications. Thirteen publications met the eligibility criteria,
including eight retrospective, one prospective, one phase 1 dose escalation study, and three RCTs. In nine of the 13
studies reporting incidence of FN, and in seven of the nine studies reporting incidence of neutropenia,
administration of prophylactic pedfilgrastim in patients receiving Q2W regimens resulted in decreased or
comparable rates of FN or neutropenia compared with patients receiving filgrastim, no G-CSF, lipefilgrastim or
pedfilgrastim in Q3W regimens. In six of the nine studies reporting safety data, lower or comparable safety profiles

Conclusions: In a variety of non-myeloid malignancies, administration of prophylactic pegdfilgrastim was efficacious in
reducing the risk of FN in patients receiving high- or intermediate-risk Q2W regimens, with an acceptable safety profile.

Trial registration: PROSPERO registration no: CRD42019155572.
Keywords: Pegdfilgrastim, Febrile neutropenia, Biweekly, Q2W, G-CSF

Background

Febrile neutropenia (EN) is a potentially life-threatening
complication that can occur after myelosuppressive
chemotherapy, and is associated with a reduction in
treatment efficacy because of dose delays and dose
reductions [1-4]. Granulocyte colony-stimulating factors
(G-CSF) are commonly used to prevent FN [5]. Treat-
ment guidelines recommend the use of G-CSF as pri-
mary prophylaxis during chemotherapy if the risk of FN
is greater than 20% [5-8]. Primary prophylaxis involves
using G-CSF in the first and subsequent sessions of
chemotherapy [9].

Pegfilgrastim is a long-acting G-CSF, indicated to
decrease the incidence of infection manifested by FN
and reduce the duration of neutropenia [10, 11]. It is ad-
ministered once per cycle and is the most commonly
used G-CSF in the USA [10]. The FDA label for
pegfilgrastim specifies that it should not be administered
14 days before or within 24h of administration of
myelosuppressive chemotherapy [11]. This restriction
was placed because of a theoretical potential to increase
toxicity of chemotherapy to myeloid progenitor cells
after growth factor stimulation [12]. Two studies have
previously reported an increase in the incidence of grade
4 neutropenia in patients receiving five consecutive days
of overlapping chemotherapy with filgrastim [13, 14].
Consequently, the restriction precludes the prophylactic
use of pegfilgrastim with a biweekly (Q2W) chemother-
apy regimen in the US. In contrast to the FDA label, the
EMA label states that pegfilgrastim is recommended for
each chemotherapy cycle, given at least 24 h after
cytotoxic chemotherapy [15].

The National Comprehensive Cancer Network
(NCCN) guidelines recommend at least 12 days between
a dose of pegfilgrastim and the next cycle of chemother-
apy, supporting the use of prophylactic pegfilgrastim in
patients receiving a Q2W regimen [5]. This is consistent
with the guidelines of the European Organisation for
Research and Treatment of Cancer (EORTC), which

state that pegfilgrastim can be administered with chemo-
therapy in patients receiving treatment at 14-day inter-
vals [6]. There is, however, a lack of systematic appraisal
of the current evidence base from randomized controlled
trials (RCTs) and observational studies that summarizes
the efficacy, effectiveness, and safety of prophylactic
pegfilgrastim to prevent FN among patients treated with
a Q2W chemotherapy regimen. Use of prophylactic
pegfilgrastim in patients receiving a Q2W regimen can
allow 14 days for hematologic recovery between treat-
ment administrations which may improve efficacy
without affecting safety, and has the potential to reduce
the risk of EN and potential costly hospitalization for
EN; therefore improving a patient’s quality of life [6].
The objective of this review was to examine whether
prophylactic pegfilgrastim treatment is efficacious and
has an acceptable and comparable safety profile compared
with prophylaxis with other G-CSFs (both short-acting
and long-acting), in reducing the risk of FN among
patients treated with a Q2W chemotherapy regimen who
have a high or intermediate risk of FN.

Methods

Search strategy

The systematic literature review protocol was pre-
registered in PROSPERO: CRD42019155572 [16]. An
Ovid MEDLINE, Embase, and Cochrane Library
literature search was performed using the search terms
included in Supplemental Table S1-3 (Additional file 1).
The literature search included studies from January 1,
2002 to June 30, 2019. A congress abstract literature
search was performed for abstracts published in key
international congresses (Supplemental Table S4 [Add-
itional file 1]) held from June 30, 2016 to June 30, 2019.
The congress abstract literature search was limited to
the preceding 3 years because abstracts before this time
frame were likely to be superseded by full-length texts
previously captured in the Ovid MEDLINE and Embase
literature search.
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Population, intervention, comparison, and outcomes
(PICOS) criteria
The population, intervention, comparison, and outcomes
(PICOS) criteria for the inclusion and exclusion criteria
of studies were as follows. The population was partici-
pants diagnosed with a non-myeloid malignancy and
treated with a Q2W chemotherapy regimen; studies in
which the comparator was a Q3W chemotherapy
regimen plus primary prophylactic pegfilgrastim were
also included. Interventions were Q2W myelosuppres-
sive chemotherapy regimens associated with a high (>
20%) or intermediate (10-20%) risk of FN plus prophy-
lactic pegfilgrastim. Comparisons included prophylactic
pegfilgrastim for the Q3W studies, primary prophylaxis
with a G-CSF other than pegfilgrastim, no prophylactic
G-CSF or placebo. In RCTs, EN has been defined as an
absolute neutrophil count of less than 0.5 x 10°/L, or of
less than 1.0 x 10%/L that is predicted to fall to less than
0.5 x 10°/L. within 48h, with fever or clinical signs of
sepsis. For observational studies, FN is commonly
defined as an in-patient stay with a diagnosis claim for
neutropenia, fever, or infection. However, we did not
exclude studies if the definition of FN was a variant of
the commonly used definitions of FN presented above.
Additional outcomes were grade 1-4 neutropenia, all-
cause or any hospitalization, dose delays or dose
reductions, dose delays or dose reductions as a result
of neutropenia, adverse events (AEs), and mortality.
Exclusion criteria included single-arm trials, observa-
tional studies with no control or comparison group,
studies of patients with myeloid malignancy, animal
studies, abstracts and other publications superseded by
more recent publications, editorials, and letters to edi-
tors. Observational studies with fewer than 30 patients
in the Q2W arm with primary prophylactic pegfilgrastim
were excluded.
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Analysis

Two reviewers independently screened the titles and ab-
stracts of all publications retrieved to determine eligibil-
ity according to the PICOS criteria, and any conflicts
were resolved by a third reviewer. Of the studies identi-
fied for inclusion, the full publications were retrieved
and reviewed by two authors to confirm eligibility. A
third review of the full text of selected studies was per-
formed to assess eligibility and risk of bias.

The risk of bias tool recommended by the Cochrane
Collaboration was used for RCTs [17]. This tool ad-
dresses six domains: selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other
biases. Within each domain, assessments are made for
one or more items, which may cover different aspects of
the domain or different outcomes. Each domain was
graded as ‘low risk’, ‘high risk’, or ‘unclear risk’ of bias
[17]. For the remaining studies, a quality assessment tool
designed to assess bias in non-randomized observational
studies, the Cochrane ROBINS-I tool, was used [18].
The ROBINS-I tool consists of seven domains which in-
clude bias due to: confounding, selection of participants
into the study, measurement of interventions, deviations
from intended interventions, missing outcome data,
measurement of the outcome, and selection of the re-
ported results. Each domain was graded as ‘low’, ‘moder-
ate’, ‘serious’, or ‘critical’ risk of bias [18].

Given the heterogeneity of the studies in terms of
tumor types, FN risk associated with chemotherapy regi-
mens, and comorbidity profile of patient populations,
meta-analyses were not conducted.

Results

The initial literature search identified 2258 publications
from Ovid MEDLINE, Embase, the Cochrane Library,
and congress searches (Fig. 1). Of these, 479 were found

’ Records identified in databases (n = 2258) ‘

Duplicates removed (n = 479) ‘

A,

’ Records screened (n = 1779)

Excluded (n = 1604) ‘

}

’ Full texts assessed for eligibility (n = 175) }—»

l

’ Included (n = 13) ‘

Full texts excluded (n = 162)
Reasons:

Q3W regimen without prophylactic pegdfilgrastim (n = 24)
Mixed chemotherapy regimen? (n = 69)
Congress abstracts with insufficient information (n = 57)
Single-arm study (n = 3)

Not in English (n = 3)

Duplicate (n = 4)

Published before 2002° (n = 2)

biweekly, Q3W every 3 weeks

Fig. 1 PRISMA diagram. *Mixed chemotherapy regimens which included both Q2W and Q3W studies without prophylactic pedfilgrastim (or
patients received both Q2W and Q3W regimens) were excluded. PThe literature search included all relevant studies from January 1, 2002 through
June 30, 2019. Any study before 2002 was then excluded. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses, Q2W
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to be duplicates and were eliminated. After duplicates
were removed, the titles and abstracts of 1779 records
were screened against the PICOS criteria; 1604 records
were subsequently removed.

Full-text review was performed on the remaining 175
publications, of which 162 were removed for the follow-
ing reasons: Q3W regimen without prophylactic pegfil-
grastim (n = 24); mixed chemotherapy regimen, that is, a
chemotherapy regimen that included both Q2W and
Q3W administration without prophylactic pegfilgrastim
(n =69); congress abstracts with insufficient information
(n=57); single-arm studies (n =3); not in the English
language (n =3); duplicate studies (7 =4), or published
before 2002 (n = 2) (Fig. 1).

In total, 13 studies met the eligibility criteria and were
included as part of the systematic literature review
(Table 1) [19-31]. There were eight retrospective cohort
studies [19, 21, 25-29, 31], one prospective cohort study
[24], one phase 1 dose escalation study [22], and three
RCTs [20, 23, 30]. Tumor types included breast cancer,
lymphoma, colon cancer, rectal cancer, gastric cancer,
pancreatic cancer, esophageal cancer, and small bowel
cancer. The most commonly used chemotherapy regimens
reported in the eligible studies were cyclophosphamide,
doxorubicin, vincristine, and prednisone (CHOP); rituxi-
mab and CHOP (R-CHOP); 5-fluorouracil, leucovorin,
and oxaliplatin (FOLFOX); 5-fluorouracil, leucovorin, and
irinotecan (FOLFIRI); 5-fluorouracil, leucovorin, oxalipla-
tin, and irinotecan (FOIL); gemcitabine with increasing
doses of docetaxel; doxorubicin and cyclophosphamide
(AC); and hyper-fractionated cyclophosphamide, vincris-
tine, doxorubicin, and dexamethasone (hyper-CVAD)
(Table 1).

Six studies evaluated filgrastim versus pegfilgrastim
administration [20, 22, 24, 25, 27, 31], two studies evalu-
ated placebo versus pegfilgrastim [23, 30], one study
evaluated filgrastim versus pegfilgrastim or no prophy-
lactic G-CSF versus pegfilgrastim [21], and one study
evaluated lipegfilgrastim versus pegfilgrastim [26]. Three
studies evaluated outcomes following prophylactic peg-
filgrastim among patients receiving a Q3W regimen with
those receiving Q2W regimen [19, 28, 29].

Studies reporting febrile neutropenia

All 13 eligible studies (three RCTSs, 10 non-randomized)
reported the incidence of EN (Table 2) [19-31]. The def-
initions and timing of assessment of FN are described in
Supplemental Table S5 (Additional file 1). In the two
RCTs that compared placebo versus pegfilgrastim in pa-
tients with colorectal cancer (Hecht et al. and Pinter
et al) receiving FOLFOX, FOLFIRI or FOIL, both
studies showed a significantly lower incidence of FN
with pegfilgrastim compared with placebo [23, 30]. In
the RCT that compared filgrastim versus pegfilgrastim
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in patients with DLBCL receiving R-CHOP-14 (Bozzoli
et al.), a numerically lower incidence of FN was observed
with pegfilgrastim compared with filgrastim, however
the differences observed in the incidence of FN were not
statistically significant (p <.05) [20].

Among the 10 non-randomized studies, five studies
evaluated filgrastim versus pegfilgrastim [22, 24, 25, 27,
31], one study (Donkor et al.) evaluated filgrastim or no
prophylactic G-CSF versus pegfilgrastim [21], one study
(Kurbacher et al.) evaluated lipegfilgrastim versus pegfil-
grastim [26], and three studies (Balducci et al., Lugtenburg
et al. and Ng et al.) evaluated patients receiving a Q3W
regimen and prophylactic pegfilgrastim versus a Q2W
regimen and prophylactic pegfilgrastim [19, 28, 29]. Four
out of five studies showed a lower, comparable, or not
statistically significant different incidence of FN with
pegfilgrastim compared with filgrastim [22, 24, 25, 27]. In
Skarlos et al,, a post-hoc non-randomized subgroup ana-
lysis evaluating filgrastim versus pegfilgrastim, a signifi-
cantly higher incidence of FN was observed in patients
treated with pegfilgrastim compared with those receiving
filgrastim (13% vs. 1% for pegfilgrastim vs. filgrastim,
respectively) [31]. In Donkor et al. which evaluated
pegfilgrastim versus filgrastim versus no prophylactic
G-CSF, a numerically lower or comparable incidence
of FN was observed with pegfilgrastim compared with
filgrastim or no prophylactic G-CSF (0.0% vs. 0.0% vs.
0.7% for pegfilgrastim vs. filgrastim vs. no prophylac-
tic G-CSF, respectively); statistical significance was
not assessed in this study [21].

Two out of three studies showed a non-statistically
significant lower or comparable incidence of FN with a
Q2W regimen and prophylactic pegfilgrastim compared
with a Q3W regimen and prophylactic pegfilgrastim [19,
29]. In Kurbacher et al,, a study evaluating lipegfilgrastim
versus pegfilgrastim, a numerically higher incidence of
EN was observed in patients treated with pegfilgrastim
compared with those receiving lipegfilgrastim (2.2% vs.
0.0% for pegfilgrastim vs. lipegfilgrastim); of note, statis-
tical significance was not measured for this outcome in
this study [26].

Studies reporting grade 1-4 neutropenia

Nine studies (two RCTs and seven retrospective cohort
studies) reported the incidence of grade 1-4 neutropenia
(Table 3) [19, 21-23]. In both RCTs, the incidence of
neutropenia in pegfilgrastim arm was significantly lower
than placebo arm [23, 30]. In one retrospective study
(Kourlaba et al.), the incidence of neutropenia in pegfil-
grastim arm was significantly lower than the filgrastim
arm (p< 0.001) [25]. Among the six remaining retro-
spective cohort studies, three studies reported a lower
incidence of grade 1-4 neutropenia following pegfilgras-
tim, when compared with filgrastim [21, 22], no G-CSF
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[21], or pegfilgrastim in Q3W regimen [19]; in two of
these studies where a lower incidence was observed,
statistical significance was not assessed [19, 21] In the
other three studies, one study reported comparable but
not statistically significant incidences of neutropenia
following pegfilgrastim versus filgrastim (p = 0.55) [27],
and two studies reported an increased risk of neutro-
penia following pegfilgrastim versus filgrastim (p = 0.36)
[31] and lipefilgrastim (statistical significance was not
assessed) [26].

Studies reporting all-cause hospitalization

Overall, six studies (two RCT's and four non-randomized
studies) reported hospitalization data [20, 21, 23, 24, 28,
29] and none of them reported any statistically signifi-
cant increases in all-cause hospitalization following peg-
filgrastim use in Q2W setting (Table 4). Two RCTs
reported hospitalization data: one RCT reported the rate
of hospitalization specified due to a neutropenic event
was lower in patients treated with pegfilgrastim than in
those receiving placebo [23]. The second RCT reported
the rate of hospitalization for any reason was higher in

Table 4 All-cause hospitalization

Page 12 of 19

patients treated with pegfilgrastim than in those treated
with filgrastim [20]. Of the four non-randomized studies,
one study reported a higher incidence of hospitalization
with pegfilgrastim compared with filgrastim [24], one
study reported a lower or comparable incidence between
the pegfilgrastim and the filgrastim or no prophylactic
G-CSF groups (0% vs. 0% vs. 0.3% for pegfilgrastim, filgras-
tim, and no prophylactic G-CSF, respectively) [21], and two
studies reported no significant differences between a Q3W
regimen and prophylactic pegfilgrastim versus a Q2W
regimen and prophylactic pegfilgrastim [28, 29].

Studies reporting dose delays

Nine studies (two RCTs and seven non-randomized
studies) reported on the incidence of dose delays
(Table 5) [19, 23-25, 27-31]. In one RCT, the incidence
of dose delays for any reason was significantly higher in
patients treated with placebo than in those treated with
pegfilgrastim [23], while in the second RCT, the inci-
dence of dose delays was lower in patients treated with
placebo than in those treated with pegfilgrastim, statis-
tical significance was not assessed [30].

Study All-cause hospitalization

Bozzoli [20] Total (n=51) Pedfilgrastim (n=27)  Filgrastim (n = 24) p value
Unplanned hospitalizations 8/51 (16) 5/27 (19) 3/24 (13) 0.7
per patient, n (%)

Unplanned hospitalizations 12/201 (6) 7/105 (7) 5/96 (5) 038
per cycle, n (%)

Donkor [21] Pedfilgrastim < 14 days Pedfilgrastim > 14 Filgrastim group (n=90) No CSF group (n=295)

group (n=126) days group (n=25)
Number of cycles with 0 (0) 0 (0) 0 (0) 1(0.3)
hospitalizations for FN,% n (%)

Hecht [23] Placebo (n=118) Pegdfilgrastim (n=123) p value
Hospitalized due to a 8 6 0.55
neutropenic event, %

Hendler [24]*° Total Group A Group B Group C Group D
Total treated, n (%) 231 (100) 84 (363) 26(113) 64 (27.7) 57 (24.7)
Hospitalized due to FN, n (%) 13 (5.6) 3(36) 3(11.5) 1(1.5) 6 (10.5)

Lugtenburg [28] R-CHOP-14 R-CHOP-21

< 65years (n=241)
Hospitalization per group, % 26
PP per intervention, % 54

Hospitalization of 14
pedfilgrastim-treated
patients, %

Ng [29] CHOP-21 (n=72)

Hospitalizatiomb, % 236

2 65 years (n=168)
40
58
23

< 65years (n=343)
22

17

4

CHOP-14 (n =60)
11.7

2 65 years (n=361)
36
32
12

p value

p=0.1

2Group A: G-CSF 300 pg consecutive administrations during days 3-10; group B: G-CSF 300 ug consecutive administrations during days 3-7; group C: G-CSF
administrations every other day for days 5, 7, 9, and 11; and group D: one administration of pedfilgrastim 6 mg on day 2

PEach chemotherapy cycle (not number of patients) was the unit of measurement

CHOP cyclophosphamide, doxorubicin, vincristine, and prednisone, CSF colony-stimulating factor, FN febrile neutropenia, G-CSF granulocyte colony-stimulating
factor, PP prophylactic pedfilgrastim, R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone
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In the seven retrospective studies, four studies evalu-
ated filgrastim versus pegfilgrastim [24, 25, 27, 31], and
three studies evaluated Q2W regimens plus prophylactic
pegfilgrastim versus Q3W regimens plus prophylactic
pegfilgrastim [19, 28, 29]. In three out of four studies
that evaluated filgrastim and pegfilgrastim, the incidence
of dose delays was lower or comparable between patients
treated with pegfilgrastim and those treated with filgras-
tim [24, 25, 27, 31]; in one study (Kourlaba et al.) the in-
cidence of dose delays was significantly lower between
patients treated with pegfilgrastim and those treated
with filgrastim (p < 0.001) [25] and in two of these stud-
ies (Lane et al. and Skarlos et al.), these differences were
not statistically significant (p = 0.75 and p = 0.65, respect-
ively) [27, 31] Dose delays were similar in two of the
three studies that compared patients treated with
prophylactic pegfilgrastim who were receiving Q2W reg-
imens versus Q3W regimens [19, 29].

Two studies (one RCT and one retrospective study)
reported dose delays as a result of neutropenia [23, 24].
In the RCT, Hecht et al. found that the incidence of dose
delays due to neutropenia was significantly higher in pa-
tients receiving placebo than in those treated with pegfil-
grastim (p < 0.001) [23]. In the retrospective study by
Hendler et al, no statistically significant difference be-
tween filgrastim and pegfilgrastim was observed [24].

Studies reporting dose reductions

Eight studies (three RCTs and five retrospective studies)
reported on the incidence of dose reductions (Table 6)
[19, 20, 23, 25, 28-31]. Of the three RCTs, one study
evaluated filgrastim versus pegfilgrastim [20] and two
studies evaluated placebo versus pegfilgrastim [23, 30].
In the study that evaluated filgrastim versus pegfilgras-
tim, the incidence of dose reductions was numerically
lower with pegfilgrastim than with filgrastim; statistical
significance was not assessed [20]. In the two studies
that evaluated placebo versus pegfilgrastim, the inci-
dence of dose reduction for any reason was numerically
higher in patients receiving pegfilgrastim compared with
those receiving placebo; these results were not statisti-
cally significant [23, 30]. Only one study reported dose
reduction as a result of neutropenia. In the RCT, Hecht
et al. found that the incidence of dose reduction because
of neutropenia was significantly lower in patients treated
with pegfilgrastim than in those treated with placebo
(p< 0.02) [23].

Of the five retrospective studies, two studies evaluated
filgrastim versus pegfilgrastim [25, 31] and three studies
evaluated patients receiving a Q3W regimen and
prophylactic pegfilgrastim versus a Q2W regimen and
prophylactic pegfilgrastim [28, 29]. In one of the two
studies that evaluated filgrastim versus pegfilgrastim, the
incidence of dose reduction was significantly lower in
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patients treated with pegfilgrastim compared with those
receiving filgrastim [25], and in the second study, the in-
cidences of dose reduction were similar in both treat-
ment groups [31]. In two studies, the incidence of dose
reduction was numerically higher in patients receiving
Q2W regimens than in those receiving Q3W regimens;
statistical significance was not assessed in these studies
[19, 28].

Safety and mortality

In total, six studies (three RCTs and three retrospective
studies) reported AE and serious AE data [19, 20, 22, 23,
26, 30]. Overall, only small differences in the rates of all
grade AEs and serious AEs between pegfilgrastim, pla-
cebo, filgrastim, or lipegfilgrastim were observed. In the
RCT, Bozzoli et al., the proportion of patients with one
AE or more was numerically lower in the pegfilgrastim
group compared with the filgrastim group (30% vs. 45%,
respectively, (»<0.3)). In the majority of the AEs re-
ported by Bozzoli et al, the incidence of AEs was com-
parable in the pegfilgrastim group versus the filgrastim
group (Supplementary Table 6 [Additional file 1]) [20].
In the retrospective study, Dragnev et al., the incidence
of AEs reported in the pegfilgrastim group was numeric-
ally lower than in the filgrastim group (p<0.6, p <0.7
and p < 0.7 for bone pain, fever and sepsis, respectively);
two patients in each group reported the incidence of
bone pain. Seven patients in the filgrastim group re-
ported the incidence of fever and sepsis, compared with
two patients in the pegfilgrastim group. In Hecht et al,
the incidence of grade 3 or 4 neutropenia was numeric-
ally higher in patients treated with placebo than those
receiving pegfilgrastim (21% vs. 11%, respectively; statis-
tical significance was not assessed) [23].

Only one of three retrospective studies comparing
Q3W regimens and Q2W regimens had available safety
data. In this study (Balducci et al.), the proportion of
AEs reported was numerically higher, but not statisti-
cally significant, in patients receiving prophylactic pegfil-
grastim for a Q3W regimen than in those receiving
pegfilgrastim for a Q2W regimen [19]. Only two of three
RCTs reported mortality data (Hecht et al. and Pinter
et al.), in which comparable results were reported be-
tween patients with colorectal cancer treated with pegfil-
grastim and those receiving placebo (Supplemental
Table S7 [Additional file 1]) [23, 30].

Risk of bias

The risk of bias for RCTs, measured using the Cochrane
Collaboration’s tool, was low or moderate for all bias
domains with the exception of performance bias in one
open-label study (Supplemental Fig. S1 [Additional file 1])
[20]. In Bozzoli et al., there were no measures to blind trial
participants or researchers from the knowledge of which
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intervention was received; therefore, the performance bias
was deemed high risk [20]. The risk of bias for observa-
tional studies, measured using the Cochrane ROBINS-I
tool, was low or moderate for all bias domains (Supple-
mental Fig. S2 [Additional file 1]).

Discussion

This systematic review summarizes the existing
literature on the efficacy, effectiveness, and safety of peg-
filgrastim use among patients receiving Q2W regimens
compared with those not receiving pegfilgrastim,
receiving other G-CSF or receiving pegfilgrastim in a
Q3W regimen. Among the 13 eligible studies evaluating
heterogenous tumor types and chemotherapy regimens,
most studies showed that administration of prophylactic
pegfilgrastim reduced the incidence of FN in patients re-
ceiving Q2W regimens. Two out of three studies showed
a lower or comparable incidence of FN with a Q2W
regimen and prophylactic pegfilgrastim compared with a
Q3W regimen and prophylactic pegfilgrastim; these
three studies were not powered to assess statistical sig-
nificance [19, 29]. In Kurbacher et al., a higher incidence
of FN was observed in patients treated with pegfilgrastim
compared with those receiving lipegfilgrastim [26].
However, this was an unadjusted incidence that was not
statistically significant, the study population included a
mixture of tumor types, and dose intensity was not
accounted for. In most studies included, administration
of prophylactic pegfilgrastim resulted in a decreased in-
cidence of FN in patients across a wide variety of tumor
types receiving Q2W chemotherapy regimens. In the
majority of studies, the incidence of FN was low, making
it difficult for statistically significant differences to be
observed. Furthermore, six of the retrospective studies
were not powered to conduct comparative effectiveness
nor efficacy analyses, rather, they were descriptive in
nature, comparing the incidence rates of FN. Although
the findings indicated that administration of prophylactic
pegfilgrastim reduced the incidence of FN, the results
may not be statistically significant, nevertheless a
decrease or comparability in the incidence of FN was
observed.

Neutropenia is a relatively common disorder associ-
ated with chemotherapy [32]. Neutropenia is more fre-
quently reported than FN, and thus assessing the rates
of neutropenia enabled differences between treatment
groups to be recorded. A lower incidence in grade 1-4
neutropenia was observed in the pegfilgrastim group
compared with placebo or filgrastim across most studies.
Six of these studies provided statistical comparisons for
pegfilgrastim versus filgrastim or pegfilgrastim versus
placebo. In three of these studies, there was a statistically
significant decrease in the incidence of neutropenia with
pegfilgrastim compared with filgrastim or placebo. In
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the three remaining studies, a lower incidence of neutro-
penia was observed with pegfilgrastim when compared
with filgrastim, but these differences were not statisti-
cally significant. Similarly, a comparable incidence of
neutropenia was observed with pegfilgrastim when com-
pared with filgrastim, but these differences were also not
statistically significant. In one post-hoc non-randomized
subgroup analysis, the incidence of neutropenia was
higher in the pegfilgrastim group compared with the fil-
grastim group, but the differences were not statistically
significant.

The timing and methodology of neutropenia assess-
ment were provided for five studies, and varied across
studies. Further evaluations are needed to understand
the impact of timing and assessment methodology of
neutropenia in each study.

EN generally requires hospitalization, often resulting
in a reduction in chemotherapy dose intensity due to
dose delays or dose reductions [33]. Only six studies re-
ported hospitalization data, and in these studies the inci-
dence of hospitalization was generally low, making it
difficult to identify differences between treatment
groups. In all studies reporting hospitalization data, no
significant differences were reported. In the five studies
reporting dose delays or dose reductions, two of these
studies reported a statistically significant lower incidence
of dose delays and dose reductions in patients receiving
pegfilgrastim compared with filgrastim. In one study, the
incidence of dose reductions was lower in patients re-
ceiving Q2W and prophylactic pegfilgrastim compared
with patients receiving Q3W and pegfilgrastim and this
difference was statistically significant.

In this systematic literature review, all six studies that
evaluated safety and the two studies that evaluated mor-
tality, a comparable safety and mortality profile between
pegfilgrastim, placebo, filgrastim and lipegfilgrastim was
observed. This is consistent with previous studies that
have demonstrated that pegfilgrastim had a similar safety
profile and was as effective as daily filgrastim in reducing
the frequency and duration of severe neutropenia [34].
The most commonly reported pegfilgrastim-related AEs
across the studies included bone pain, nausea, and fever,
reflecting the known safety profile of pegfilgrastim [15].

The NCCN guidelines recommend that there should
be at least 12 days between a dose of pegfilgrastim and
the next cycle of chemotherapy [5]. The EORTC guide-
lines state that pegfilgrastim can be administered with
chemotherapy in patients receiving treatment at 14-day
intervals [6]. The recommendation is based on phase 2
studies that reported the efficacy and safety profiles of
pegfilgrastim in reducing FN among patients receiving a
Q2W regimen for breast cancer [35, 36], colorectal cancer
[23], lung cancer [37], or non-Hodgkin’s lymphoma [38].
These data provide additional information to support the
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current NCCN and EORTC guidelines on the use of
prophylactic G-CSF to prevent FN in patients receiving
high- or intermediate-risk chemotherapy Q2W. Further-
more, this review provides additional information to
enable oncologists and payers to make evidence-based
decisions.

Patients receiving prophylactic G-CSF support are
likely to be different than those not receiving prophylac-
tic G-CSE, as the decision to provide prophylaxis is
dependent on several factors. Randomized trials remove
the baseline confounding but could be subject to post-
randomization confounding and selection bias [39]. Two
of the three RCTs (Pinter et al. and Hecht et al.) showed
a statistically significant decrease in the incidence of FN
between pegfilgrastim and placebo [23, 30]. In the third
RCT (Bozzoli et al.), the incidence of FN was also lower
in the pegfilgrastim group compared with the filgrastim
group, but no statistical significance was observed [20].
Study design appeared not to have an impact on the
overall results, and the risk of bias assessment indicated
that the majority of studies were of a high quality with a
low or moderate risk of bias. However one study, a post-
hoc non-randomized subgroup analysis from Skarlos
et al,, demonstrated a higher incidence of FN and neu-
tropenia with pegfilgrastim compared with comparator
[31]. Post-hoc subgroup analysis may not be a robust
method of comparison and caution is warranted in the
over interpretation of subgroup analyses [40]. In Skarlos
et al., patients receiving pegfilgrastim on the same day as
chemotherapy from two trials were matched to patients
receiving filgrastim on days 2—-10 in the same two trials.
However, as per the FDA label and guidelines, it is rec-
ommended that pegfilgrastim is administered between
24 h through day 3 or 4 after the last dose of chemother-
apy [11]. The concurrent administration of pegfilgrastim
is convenient for patients but is associated with in-
creased risk [12]. In this study, same day administration
of pegfilgrastim led to inferior outcomes and therefore
should not be recommended. The primary rationale for
avoiding concurrent (same day as last chemotherapy
dose) administration of G-CSF and myelosuppressive
chemotherapy is that stimulation of bone marrow
progenitors by the G-CSF increases the pool of precursor
myeloid cells susceptible to destruction by the myelosup-
pressive agents [12]. The increased risk of neutropenia
and FN with same day administration of G-CSF has been
shown in multiple studies [12, 14, 41, 42].

Limitations of this review need to be considered. Most
of the endpoints included in this review were not the
primary endpoints of the evaluated studies, i.e. the
studies were not powered to evaluate the effect of
pegfilgrastim on these outcomes. In addition, patients in
observational studies may not receive the appropriate
recommended number of filgrastim administrations
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compared with RCTs and it was not possible to formally
investigate the heterogeneity in reported effects in these
studies. Furthermore, there was some publication bias
with this study, as no access was available to unpub-
lished data and no attempt was made to obtain unpub-
lished results. Finally, the small sample sizes in some of
the studies may prevent robust conclusions being drawn
from these results.

Conclusions

In most studies included in this systematic literature re-
view, prophylactic pegfilgrastim use reduced the incidence
of EN and neutropenia across a variety of non-myeloid
malignancies in patients receiving a Q2W chemotherapy
regimen. Comparable safety profiles were observed be-
tween pegfilgrastim, filgrastim, and placebo. These data
provide additional information to support the current
NCCN and EORTC guidelines on the use of prophylactic
G-CSF to prevent FN in patients receiving high- or
intermediate-risk chemotherapy Q2W. Additional RCT's
are needed to advance our understanding among patients
receiving Q2W regimens.
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