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Abstract

Background: Granulocyte colony-stimulating factors (G-CSF) can be used as prophylaxis for febrile neutropenia (FN) in adults.

There is no meta-analysis about the effects of pegfilgrastim on the occurrence of FN in pediatric/adolescent cancer patients.

Purpose: To determine the effect of pegfilgrastim on FN in pediatric and adolescent cancer patients. Methods: PubMed,

Embase, and the Cochrane library were searched for studies published prior to April 7, 2020. The outcome was the occurrence

of FN. For analyses showing high heterogeneity (I2>50% and Q-test P<0.10), the random-effect model was used; otherwise,

the fixed-effect model was used. Results: Eight studies were included, comprising 167 patients and 550 courses of treatment.

Pegfilgrastim decreased the rate of FN compared with controls (ES=0.26, 95%CI: 0.15-0.36, P<0.001); this was observed in

prospective and retrospective studies. There was no difference between pegfilgrastim and filgrastim for the rate of FN in children

receiving chemotherapy (OR=0.68, 95%CI: 0.20-2.23, P=0.520). Pegfilgrastim decreased the rate of grade 4 FN compared with

controls (ES=0.40, 95%CI: 0.16-0.63, P=0.017); this was observed when analyzing the courses of treatment, but not the patients.

Pegfilgrastim had no impact on treatment delays due to FN (ES=0.05, 95%CI: -0.00-0.10, P=0.061). Pegfilgrastim decreased

the rate of severe neutropenia compared with controls (ES=0.39, 95%CI: 0.04-0.74, P=0.031). Conclusion: Compared with the

control, pegfilgrastim significantly decreases the occurrence of FN, grade 4 FN, and severe neutropenia in pediatric patients

receiving chemotherapy. Pegfilgrastim had no impact on treatment delays due to FN.

Introduction

Severe neutropenia (SN) is defined as a current or anticipated absolute neutrophil count (ANC) <500
cells/mm3.1-3 Febrile neutropenia (FN) is defined as a single fever (38.3°C) or sustained elevated tempera-
ture (38°C) in a patient with a current or anticipated absolute neutrophil count (ANC) <500 cells/mm3.1-3

FN most commonly occurs in patients receiving cytotoxic chemotherapy and affects 10%-50% of patients
with solid tumor malignancies and >80% of patients with hematologic malignancies. The complications are
delayed treatments, dose reduction, and increased risk of infection.1-3 Most infections are believed to arise
from the patient’s endogenous flora, with identified sites including bacteremia in 20%-35% and respirato-
ry, urinary, gastrointestinal (GI), or skin infections in an additional 20%-30%.1-3High-risk FN is defined as
anticipated prolonged (>7 days duration) and profound neutropenia (ANC [?]100 cells/mm3following cyto-
toxic chemotherapy) and is associated with significant medical comorbid conditions, including hypotension,
pneumonia, new-onset abdominal pain, or neurologic changes; low-risk FN is defined by anticipated brief
neutropenic periods ([?]7 days) and no or few comorbidities.3-5

The current guidelines recommend granulocyte colony-stimulating factors (G-CSF) for primary prophylaxis
of chemotherapy-induced FN.3,6 The majority of available G-CSF treatments are short-acting, but new
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long-acting agents (eg, pegfilgrastim and lipegfilgrastim) are being made available. Pegfilgrastim is the most
widely approved long-acting G-CSF available worldwide.7,8 Prophylaxis with G-CSF has been shown to
reduce the incidence of FN and to improve the outcomes of cancer treatment.9,10 Unfortunately, the use of
G-CSF in clinical practice is suboptimal.11-14 Additional studies indicating the usefulness of G-CSF might
improve this outcome.

In clinical trials, pegfilgrastim has been shown to have a favorable efficacy and safety profile.15-19 A meta-
analysis showed that G-CSF in adult patients receiving chemotherapy is effective and safe, including peg-
filgrastim and biosimilars.20Another meta-analysis of pegfilgrastim showed that it reduced the occurrence
of FN compared with filgrastim.21 The meta-analysis by Cornes et al.22 showed better outcomes with long-
acting G-CSF compared with short-acting ones. The use of filgrastim or pegfilgrastim vs. placebo improved
the overall survival (OS) of patients receiving chemotherapy.23

Nevertheless, there is only one guideline for pediatric and adolescent cancer patients regarding the use of
G-CSF,4 and there is no meta-analysis about the effects of pegfilgrastim on the occurrence of FN in pediatric
and adolescent cancer patients. Therefore the purpose of this meta-analysis was to determine the effect of
pegfilgrastim on FN in pediatric and adolescent cancer patients.

Methods

Literature review

This meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guidelines.24 Since no original clinical raw data was collected or
used, ethical approval was not requested for this meta-analysis.

PubMed, Embase, and the Cochrane library were searched for studies published prior to April 7, 2020, using
the MeSH terms of “child”, “pediatrics”, “’adolescent”, and “pegfilgrastim”, combined with relevant key
words. The eligibility criteria were: 1) patients: pediatric or adolescent cancer patients receiving chemother-
apy; 2) intervention: pegfilgrastim; 3) outcome: febrile neutropenia, neutropenia or treatment delay; and 4)
full text published in English.

Data extraction and quality assessment

Potentially relevant publications were screened and evaluated by two reviewers (*Zhang Weiling* and *Zhang
Yi*) double-blindly, with a third reviewer (*Hu Huimin*) being requested to solve any disagreement. A struc-
tured data collection form was developed. Two researchers (**Zhu Xia* and *Wang Yizhuo*) independently
extracted the data, including authors, year of publication, country, study design, sample size, age, percentage
of males, episodes or courses, disease, dosage, etc.

The randomized controlled trials (RCTs) were evaluated using the Cochrane risk bias tool.25,26 Observa-
tional studies were evaluated according to the Newcastle-Ottawa scale (NOS).27 Case series studies were
evaluated according to the National Institute for Health and Clinical Excellence (NICE) method.28 Non-
randomized trials were evaluated according to the revised and validated version of the methodological index
for non-randomized studies (MINORS).29 Crossover studies were evaluated according to Hong Ding’s quality
assessment standard 30.

Statistical analysis

All analyses were performed using STATA MP 14.0 (StataCorp, College Station, Texas, USA). Effect size
(ES) and odds ratio (OR) and their 95% confidence intervals (CI) were used for analysis. Statistical hetero-
geneity among the studies was calculated using Cochran’s Q-test and the I2 index. An I2>50% and Q-test
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P<0.10 indicated high heterogeneity, and the random-effects model was used when high heterogeneity was
present among studies; otherwise, the fixed-effects model was applied. P-values <0.05 were considered sta-
tistically different. Potential publication bias, Egger’s test, and Begg’s test were not performed due to the
small number of studies included in each analysis.25

RESULTS

Study selection

Supplementary Figure 2 presents the study selection process. A total of 369 records were identified, and 303
were left after removing the duplicates. Then, 226 were excluded after screening, and 77 full-text papers
were assessed for eligibility. Among them, 69 were excluded because of study aim/design (n=25), population
(n=33), exposures (n=6), data previously analyzed (n=1), and non-English text (n=4).

Finally, eight studies were included. There were four prospective studies 31-34 and four retrospective studies
(Supplementary Table 1).35-38 There were a total of 167 patients and 550 episodes/courses. Four studies had
no control group, and four studies used filgrastim as control. Supplementary Table 2 presents the quality
evaluation of the included study.

Rate of FN

Six studies were included to determine the rate of FN.31,32,35-38 The results showed that pegfilgras-
tim decreased the rate of FN compared with controls (ES=0.26, 95%CI: 0.15-0.36, P<0.001; I2=88.0%,
Pheterogeneity<0.001) (Figure 1 and Table 1). The effect was observed in prospective (ES=0.23, 95%CI: 0.12-
0.33, P<0.001; I2=0.0%%, Pheterogeneity=0.834)31,32 and retrospective (ES=0.27, 95%CI: 0.13-0.41, P<0.001;
I2=92.7%, Pheterogeneity<0.001)35-38studies.

Rate of FN for pegfilgrastim vs. filgrastim

Three studies compared pegfilgrastim vs. filgrastim for the occurrence of FN.32,36,38 The results showed
that there was no difference between pegfilgrastim and filgrastim for the rate of FN in children receiving
chemotherapy (OR=0.68, 95%CI: 0.20-2.23, P=0.520; I2=80.3%, Pheterogenity=0.006) (Figure 2 and Table
1).

Rate of grade 4 FN

Four studies analyzed the occurrence of grade 4 FN.31,34-36 The results showed that pegfilgrastim de-
creased the rate of grade 4 FN compared with controls (ES=0.40, 95%CI: 0.16-0.63, P=0.017; I2=96.2%,
Pheterogenity<0.001) (Figure 3 and Table 1). Similar results were observed when considering the courses
of treatment (ES=0.36, 95%CI: 0.06-0.66, P=0.001; I2=97.3%, Pheterogenity<0.001),31,35,36 but not when
considering the patients (ES=0.45, 95%CI: -0.12-1.03, P=0.123; I2=97.0%, Pheterogenity<0.001).

Rate of SN

Two studies analyzed the occurrence of SN.36,37 The results showed that pegfilgrastim decreased the rate of
SN compared with controls (ES=0.39, 95%CI: 0.04-0.74, P=0.031; I2=98.0%, Pheterogenity<0.001) (Figure 4
and Table1).

Treatment delays

3
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Three studies examined the treatment delays due to FN.31,35,37 Pegfilgrastim had no impact on treatment
delays due to FN (ES=0.05, 95%CI: -0.00-0.10, P=0.061; I2=77.8%, Pheterogenity=0.011) (Figure 5 andTable
1).

Sensitivity analysis

When considering the occurrence of FN for pegfilgrastim vs. filgrastim, no single study influenced the results
(Supplementary Figure S1).

Discussion

G-CSF can be used as prophylaxis for FN,3,6 but there is no meta-analysis about the effects of pegfilgrastim
on the occurrence of FN in pediatric/adolescent cancer patients. Therefore, this study aimed to determine
the effect of pegfilgrastim on FN in pediatric and adolescent cancer patients. The results suggest that
compared with the control, pegfilgrastim significantly decreases the occurrence of FN, grade 4 FN, and
severe neutropenia in pediatric patients receiving chemotherapy. Pegfilgrastim had no impact on treatment
delays due to FN.

FN-related mortality represents an important burden for cancer patients and i this why FN was selected
as the primary outcome in the present study.3 FN prophylaxis using G-CSF is a well-recognized strategy
in adult patients with cancer, as recommended by guidelines.3,6 In adults, studies showed that long-acting
G-CSF achieves better outcomes than short-acting G-CSF,15-19 and meta-analyses in adults also indicated
the superiority of long-acting G-CSF.20-23Nevertheless, only one guideline4 but no meta-analysis is currently
available specifically for the use of G-CSF in pediatric patients, and the guidelines highlight the need for
additional evidence.4 The present meta-analysis is the first to examine the rate of FN when using pegfil-
grastim, as well as the rates of SN and grade 4 FN. Those results in children and adolescents are supported
by the results in adults.20-23 Nevertheless, analyses in adults showed that pegfilgrastim prevented treatment
delays and dose reductions20-23 since the neutrophil values have a higher likelihood to be within the adequate
ranges, but this was not observed in the present meta-analysis in pediatric populations. This is surprising
since chemotherapy-induced SN and FN are considered as the first reason for dose-limiting toxicity in pedi-
atric cancer,31 but it has been reported that only a small numbers of cycles were started later in pediatric
patients treated with G-CSF.31,35 A previous meta-analysis showed that filgrastim reduced the rate of FN
by 20% and shortened hospitalization time, but with no impact on infection-related mortality.39 The lack
of difference in the present study between pegfilgrastim and the control arm could be because the control
arm included both no use of G-CSF and filgrastim, which might have diluted the difference between the two
arms. In addition, the effect of G-SCF is to stimulate the hematopoietic cells to produce more neutrophils.
The hematopoietic system in children is more active than the adult counterpart and the composition in
hematopoietic stem cells and their location in the body are also different.40,41 Therefore, future studies
should be designed to directly compare the effects of G-CSF between children and adults. Furthermore,
different chemotherapy drugs have different myelosuppression potentials,42,43 but this could not be taken
into account in the present meta-analysis because of the small number of included studies.

The conclusions of this meta-analysis must be considered within its limitations. The number of studies that
could be included was small, leading to a small number of patients and courses of treatment. Because of
this, no selection was based on the type of cancer or the type of chemotherapy, introducing bias sue to the
different aggressiveness of the diseases and treatments. If a control group was included, the control group was
either filgrastim or nothing. The studies were conducted in various countries with different guidelines for the
use of G-CSF. These reasons led to high heterogeneity for all analyses. Furthermore, the safety issues could
not be analyzed because of the too important differences in safety outcomes among the included studies.
In addition, future studies should examine the effect of pegfilgrastim biosimilars in pediatric patients with
cancer.
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In conclusion, the results suggest that compared with the control, pegfilgrastim significantly decreases the
occurrence of FN, grade 4 FN, and severe neutropenia in pediatric patients receiving chemotherapy. Pegfil-
grastim had no impact on treatment delays due to FN.
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TABLE 1. Results and subgroup results

SUPPLEMENTARY TABLE 1. Characteristics of the included studies

SUPPLEMENTARY TABLE 2. Quality assessment of included studies

Figure legend

FIGURE 1. Forest plot of pooled febrile neutropenia rate

FIGURE 2. Forest plot of febrile neutropenia of pegfilgrastim vs. filgrastim

FIGURE 3. Forest plot of pooled grade 4 neutropenia rate

FIGURE 4. Forest plot of pooled severe neutropenia rate

FIGURE 5. Forest plot of pooled treatment delay due to neutropenia rate

SUPPLEMENTARY FIGURE 1.Sensitivity analysis of febrile neutropenia of pegfilgrastim vs. filgrastim

SUPPLEMENTARY FIGURE 2.Study selection process.
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