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Abstract
Background:Antipseudomonal b-lactams have been used for the treatment of febrile neutropenia (FN); however, the efficacy and
safety of antipseudomonal b-lactams in pediatric patients remain unclear. The aim of this study was to comprehensively compare the
efficacy and side effects of optional antipseudomonal b-lactams for pediatric FN.

Methods: PubMed, Embase, Medline, and Cochrane Library were systematically searched from their inception to December 18,
2020. Eligible randomized controlled trials in which pediatric FN patients were treated with an empiric monotherapy of
antipseudomonal b-lactams were selected. Data synthesis was performed using WinBUGS 14.0 software and meta packages
implemented in R 3.6.2. Random-effects network meta-analysis was performed, and dichotomous data were pooled as odds ratios
with 95% confidence intervals. The primary outcome was treatment success without modification; the secondary outcomes were
adverse events (AEs), all-cause mortality, and new infections. The GRADE tool was used to assess the quality of the evidence. The
protocol was registered with PROSPERO ID CRD42021226763.

Results: Eighteen studies with 2517 patients were included. The results showed no statistically significant difference between the
optional antipseudomonal b-lactams in the outcomes of treatment success without modification, all AEs, all-causemortality, and new
infections for pediatric FN. Based on the results of Bayesian rank probability, meropenemwas ranked highest among all the treatment
options with regard to treatment success without modification benefit; ceftazidime andmeropenemwere associated with a lower risk
of AEs; cefoperazone/sulbactam and piperacillin/tazobactam were associated with a lower risk of mortality, and piperacillin/
tazobactam and meropenem were associated with a lower risk of new infections. The quality of evidence was moderate.

Conclusions: Meropenem and piperacillin/tazobactam were found to be better with regard to treatment success without
modification, with a comparable safety profile. Therefore, our findings support the use of meropenem and piperacillin/tazobactam as
a treatment option for pediatric FN patients.

Abbreviations: AEs = adverse events, CI = confidence interval, FN = febrile neutropenia, OR = odds ratio, RCT = randomized
controlled trial, SUCRA = surface under the cumulative ranking curve.
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1. Introduction antipseudomonal b-lactams have played an important role in

Febrile neutropenia (FN) is a common complication of cancer
chemotherapy, and is related to significant morbidity and
mortality in pediatric patients.[1] Over the last 50years,
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empirical monotherapy for high-risk FN patients.[2–6] Many
clinical trials have been performed to evaluate the efficacy and
safety of various antibiotic therapies for FN in adults. These trials
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have led to the development and publication of clinical guidelines
for the management of adult FN[2,7]; however, such guidelines are
lacking for pediatric patients.[8]

Empirical common antibiotic monotherapy is required to
provide a broad antibacterial spectrum, including for Pseudo-
monas aeruginosa. Therefore, antipseudomonal b-lactams are
generally the choice of empiric therapies for high-risk FN
patients. Guidelines recommend 5 first-line antipseudomonal
b-lactams, including cefepime, meropenem, imipenem/cilastatin,
piperacillin/tazobactam, and ceftazidime.[9,10] Among these
antipseudomonal b-lactams, cefepime, piperacillin/tazobactam,
and carbapenems with a broad spectrum exhibit antibacterial
activity against methicillin-susceptible Staphylococcus aureus,
Streptococcus viridans, and Streptococcus pneumoniae.[11,12]

Cefepime and piperacillin/tazobactam offer better coverage of the
antibacterial spectrum against extended spectrum b-lactamases
(ESBLs)[13,14]; therefore, carbapenems are the treatment of choice
against ESBL-producing gram-negative bacteria.[15] In addition
to these first-line antibiotics, many other antipseudomonal
b-lactams, such as cefoperazone/sulbactam and cefozopran,
have been included in published randomized controlled trials
(RCTs). However, physicians lack clinical evidence on the better
choice among the recommended b-lactams for patients with FN,
especially for pediatric patients.
Previous studies have assessed the efficacy and safety of

empirical antibiotic therapy for FN.[4,16–19] However, most of
these studies included all the ages groups of FN patients. Only 1
pairwisemeta-analysis evaluated carbapenems in comparisonwith
antipseudomonal penicillin for the treatment of pediatric FN.[19]

However, most of these studies evaluated only direct comparisons,
and the efficacy and safety of commonantipseudomonalb-lactams
remain inconclusive. In a complex setting of different treatment
choices, including several optional interventions and some
therapeutic strategies that have not been directly compared, a
network meta-analysis can provide direct and indirect compar-
isons of various treatment strategies simultaneouslywithin a single
network and rank the optional treatments according to compara-
tive efficacy and safety.[20] Therefore, we conducted a systematic
review and network meta-analysis to comprehensively compare
the efficacy and safety of optional antipseudomonal b-lactams for
the treatment of pediatric FN patients. We evaluated treatment
success without antibiotic modification as the primary outcome.
The occurrence of adverse events (AEs), all-cause mortality, and
new infections were also assessed as secondary outcomes.
2. Methods

2.1. Study design

The study was approved by the ethics institutional review board
of the People’s Hospital of Guangxi Zhuang Autonomous
Region. A systematic review and network meta-analysis was
conducted following the protocol registered with PROSPERO
(number CRD42021226763). This study was reported according
to the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement extension for network meta-
analysis.[21]
2.2. Search strategy

PubMed, Medline (via OVID SP), Embase (via OVID SP), and
Cochrane Central Register of Controlled Trials (CENTRAL)
2

were systematically searched, with dates of search ranging from
the time of their inception to December 18, 2020. The search
formulae are presented in the Item S1, Supplemental Digital
Content, http://links.lww.com/MD2/A596 (which illustrates the
specific search strategies). The search was carried out without the
limitation of publication year. No language restrictions were
imposed. To identify additional articles missed by using the
above-mentioned search strategy, we also scanned the reference
lists of all included trials and relevant reviews.
2.3. Inclusion criteria

Studies that fulfilled the following criteria were included:
participants: We included pediatric FN patients who received
chemotherapy for solid tumors or hematological malignancies.
Febrile episodeswere classifiedaccording to thekindof infection as
microbiologically defined infection, clinically defined infection,
and fever of unknown origin; interventions and comparisons:
Pediatric FNpatients in both interventions empiricalmonotherapy
with antipseudomonal b-lactams; outcome: The primary outcome
was treatment success without modification; we defined treatment
success without modification as the outcome that satisfies one of
the traditional definitions of treatment success, and we did not
include success with modification as an outcome in this study. The
secondary outcomes were any AE, which include incidence of any
AE, discontinuation of treatment due to AEs, and specific AEs; all-
cause mortality, all-cause mortality at the end of study follow-up;
new infections, new, persistent, or worsening symptoms and/or
signsof infection associatedwith the isolationof anewpathogenor
the development of a new site of infection; study design: RCT.
2.4. Exclusion criteria

We did not include trials on adult patients with FN. Simultaneous
administration of granulocyte colony-stimulating factor was
accepted, but granulocyte transfusion was excluded. Adding the
same anti-methicillin-resistant Staphylococcus aureus drug or
aminoglycoside for both arms was accepted; adding quinolone
for both the interventions was also not accepted; the trials that
were not RCTs, such as case reports, meeting abstracts, and
observational studies and reviews without usable data, and meta-
analyses were excluded; studies without the primary or secondary
outcomes and those with unavailable full-text article or
unextractable data were excluded.
2.5. Data collection and quality assessment

Two reviewers (Li and Xi) independently extracted the data,
including the information according to the study characteristics,
such as country, age, sex, and sample size. The intervention
protocol of different antipseudomonal b-lactams, such as the
dosage, frequency, and course; primary and secondary outcome
data; and the definition of FN and primary outcome were also
collected. A third reviewer (Liang) examined the consistency of
the extracted data.
The methodological quality of the included studies was

evaluated by Li and Xi, based on the Cochrane risk-of-bias
tool.[22] Methodologists were consulted when they came across
discrepancies. In terms of the assessment criteria, the domain of
the risk-of-bias tool of each individual included study was graded
as one of the following 3 levels of risk of bias: high, unclear, or
low risk of bias with justifications.
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2.6. Data synthesis and analysis

Pairwise meta-analysis was performed using the DerSimonian and
Laird random-effects model[23] by “meta” (version 4.9-4)[24]

package implemented in R software version 3.6.2 (R Foundation
for Statistical Computing). For dichotomous outcomes, the pooled
results were expressed as odds ratios (ORs) with 95% confidence
interval (95%CI). If 95%CIofORdidnot include1, thedifference
between the comparisons was considered statistically significant.
The heterogeneity of treatment estimates among the studies in each
pairwise meta-analysis was examined using x2 tests and the
corresponding I2 statistics.[25] In considerationof the heterogeneity
between the included trials, we performed a random-effects
network meta-analysis to combine the direct and indirect evidence
of all the treatment effects using WinBUGS 1.4.3 (MRC
Biostatistics Unit, Cambridge, UK) software based on the Bayesian
hierarchical model andMarkov ChainMonte Carlo algorithm. In
the WinBUGS program, the number of iterations was set to
100,000, and the first 10,000 iterations were regarded as burn-in
for annealing to eliminate the impact of the initial value.[26] We
ranked antipseudomonal b-lactams for each outcome by the
surface under the cumulative ranking curve (SUCRA) probabilities
and the posterior probabilities; SUCRA values of 100% and 0%
were ranked as the best and worst treatments, respectively, and
higher posterior probabilities in each simulation indicated a higher
chance of being the best treatment agent.[27]

We performed a loop-specific method to systematically evaluate
the inconsistency within every closed triangular or quadratic loop
between the direct and indirect sources of evidence.[28,29] We then
considered the source of inconsistency to analyze if there is a
significant difference between direct and indirect assessment for a
specific intervention comparison in the loop.[28] The node splitting
approachwasused to evaluate inconsistencywithin thenetworkby
separating the comparisons of the direct and indirect evidence.[30]

When therewere10ormore trials,we evaluated small-study effects
by using a comparison-adjusted funnel plot of treatments to detect
the presence of any publication bias in the network meta-
analysis.[27,31] Subgroup analyses for the primary outcome were
performed based on the following subgroups: pediatric patients
with microbiologically defined infection, microbiologically not
confirmed but clinically defined infection, and fever of unknown
origin.[32,33]
3. Results

3.1. Study identification and selection

In total, 585 records were obtained through a literature search,
and 267 duplicate papers were excluded. A total of 318 studies
were retained for further analysis. After the evaluation of the titles
and abstracts, 256 irrelevant articles were excluded. After
reading the remaining 62 full-text papers, 44 studies were
excluded for the following reasons: studies with an irrelevant
study design (n=40), non-RCTs (n=2), and reviews and meta-
analyses (n=2). Finally, 18 studies were included in the meta-
analysis. The study selection process was performed according to
the PRISMA guidelines, and Figure 1 shows the PRISMA.

3.2. Characteristics of included studies

The main characteristics of the included studies are summarized
in Table 1. Overall, 18 trials[34–51] with a total of 2517 pediatric
FN patients were included in the present network meta-analysis,
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and these studies were published from 2001 to 2020. The sample
size of the participants in these studies ranged from 40 to 393. All
of the included studies adopted the 2-arm trial design, and among
the 36 arms in 18 trials, piperacillin/tazobactam, cefepime,
meropenem, ceftazidime, cefoperazone/sulbactam, cefozopran,
and imipenem/cilastatin were evaluated in 10, 10, 6, 5, 2, 2, and 1
arm, respectively. The definitions of FN and the durations of
trials for outcomes are described in Tables S1 and S2,
Supplemental Digital Content, http://links.lww.com/MD2/
A597, http://links.lww.com/MD2/A598 (which illustrate the
definition of the FN and primary outcome).
3.3. Risk of bias assessment

The risk of bias and methodological quality of all the included
trials were assessed and are summarized in Figure 2. The random
sequence generation of 4 studies[41,42,45,48] used a random
number table. The allocation concealment of 3 studies[39,43,48]

used the envelope method. Two studies[38,48] adopted a double-
blinded design, one of the studies[44] adopted a single-blinded
design, and 7 studies[34,35,37,39,40,45,46] adopted an open-label
design. All the trials had complete follow-up.

3.4. Overview

The findings of the primary outcomes of network meta-analysis
are described in Table 2, and those of the other outcomes are
shown in Tables S3 to S5, Supplemental Digital Content, http://
links.lww.com/MD2/A599, http://links.lww.com/MD2/A600,
http://links.lww.com/MD2/A601 (which illustrate the results of
new infections, AEs, and mortality). The results of the traditional
meta-analysis and GRADE assessments for outcomes are
provided in Table S6, Supplemental Digital Content, http://
links.lww.com/MD2/A602 (which illustrates the quality of
evidence for the direct comparisons by GRADE). Similar ORs
and 95% CIs overlapping in magnitude were observed between
network meta-analysis and traditional pairwise meta-analysis.
Treatment network plots for the primary outcome and the
secondary outcomes are shown in Figure 3 and Figure S1,
Supplemental Digital Content, http://links.lww.com/MD2/A593
(which illustrates the network plot for secondary outcomes).
Rankograms and SUCRA plots of the primary outcome are
shown in Figure 4, plots of secondary outcomes are shown in
Figure S2, Supplemental Digital Content, http://links.lww.com/
MD2/A594 (which illustrates the rank probability and SUCRA
plots of secondary outcomes), and multidimensional cluster
analysis based on SUCRA plots is shown in Figure 5. The results
of inconsistency between direct and indirect treatment effects are
shown in Table S7, Supplemental Digital Content, http://links.
lww.com/MD2/A603 (which illustrates the consistency for each
binary outcome network), and testing did not reveal evidence of
inconsistency, although the CIs were frequently wide.

3.5. Treatment success without modification

Treatment success without antibiotic modification was reported
in 18 studies covering 2438 pediatric patients, of whom 1603
achieved treatment success. The network plots are shown in
Figure 3. No antipseudomonal b-lactam treatment significantly
increased the treatment success rate without modification for
pediatric FN patients (Table 2). Meropenem had the highest rank
probability of treatment success rate among all the antipseudo-
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Figure 1. Identification process for eligible RCTs. RCT = randomized controlled trial.
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monal b-lactams. The rank probability of treatments based on
SUCRAs is shown in the Figure 5.
In the subgroup analysis of microbiologically defined infection,

clinically defined infection, and fever of unknown origin pediatric
patients, the results did not reveal any difference between the
optional antipseudomonal b-lactams (see Tables S8–S10,
Supplemental Digital Content, http://links.lww.com/MD2/A604,
http://links.lww.com/MD2/A605, http://links.lww.com/MD2/
A606, which illustrate the results of treatment success of
microbiologically defined infection, clinically defined infection,
and fever of unknown origin pediatric patients).
3.6. Any adverse events

Six studies[34,38–40,43,45] that included 1045 patients, observed
the occurrence of AEs (see Figure S1, Supplemental Digital
Content, http://links.lww.com/MD2/A593, which illustrates the
network plot for secondary outcomes). No significant difference
was found among the antipseudomonal b-lactams. The risk of
any AEs was lower in pediatric patients treated with ceftazidime
and meropenem than with other optional treatments, based on
the rank probability of Bayesian network meta-analysis (see
Figure S2, Supplemental Digital Content, http://links.lww.com/
4

MD2/A594, which illustrates the rank probability and SUCRA
plots of secondary outcomes and Figure 5).
3.7. All-cause mortality

The network meta-analysis of 6 studies[34,35,37,39,40,47] involving
926 patients reporting all-cause mortality was included in the
analysis (see Figure S1, Supplemental Digital Content, http://
links.lww.com/MD2/A593, which illustrates the network plot
for secondary outcomes). This analysis revealed no significant
difference among the antipseudomonal b-lactams. Cefoperazone/
sulbactam and piperacillin/tazobactam ranked higher than other
drugs, as it was associated with a lower risk of mortality (see
Figure S2, Supplemental Digital Content, http://links.lww.com/
MD2/A594, which illustrates the rank probability and SUCRA
plots of secondary outcomes and Figure 5).
3.8. New infections

Six studies[35,38,43,45,47,48] involving 1041 patients were evaluat-
ed for new infections (see Figure S1, Supplemental Digital
Content, http://links.lww.com/MD2/A593, which illustrates the
network plot for secondary outcomes). No statistically significant
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Figure 2. Risk of bias of included studies. (A) Risk of bias summary: judgments about each bias item for each study; (B) Risk of bias summary graph.
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difference was noted between the treatment options. Piperacillin/
tazobactam and meropenem ranked higher than other drugs, as
they were associated with a lower risk of new infections (see
Figure S2, Supplemental Digital Content, http://links.lww.com/
MD2/A594, which illustrates the rank probability and SUCRA
plots of secondary outcomes and Figure 4).
Table 1

Characteristics of included studies.

Pediatric febrile neutropenia

Study Country Mean or median age Sample size (M/F) A

Aamir 2015 India 6 40 (26/14) 20
Chuang 2002 China 5.6 116 (73/43) 58
Corapcioglu 2006 Turkey 8.4 50 25
Demirkaya 2013 Turkey 6.3 116 (71/45) 57
Ferdosian 2013 Iran 5.9 48 (31/17) 26
Fleischhack 2001 Germany 7.4 342 (174/168) 172
Ichikawa 2011 Japan 8.2 119 (69/50) 62
Karaman 2012 Turkey 4 102 (55/47) 50
Kebudi 2001 Turkey 7 63 32
Kobayashi 2020 Japan 9.9 393 (249/144) 193
Kutluk 2004 Turkey 7.4 49 25
Mustafa 2001 USA 6 104 (63/41) 49
Oguz 2006 Turkey 8 65 (44/21) 32
Sano 2015 Japan 5 213 (112/101) 103
Sarashina 2014 Japan 6 223 (110/113) 111
Sezgin 2014 Turkey 5 284 (176/108) 86
Uygun 2009 Turkey 4 127 (64/63) 65
Vural 2010 Turkey 5 63 (41/22) 30

AMK= amikacin, C/S= cefoperazone/sulbactam, CAZ= ceftazidime, CFPM= cefepime, CZOP=cefozop

5

3.9. Multidimensional cluster analysis
Multidimensional cluster analysis based on SUCRA was
conducted to evaluate the rank probability of antipseudomonal
b-lactams for the reported primary and secondary outcomes
(Fig. 5). In terms of treatment success without modification, AEs,
and new infections, meropenem was superior to the other
Treatment

rms Arm 1 Arm 2 Add on treatment

/20 CFPM (50mg/kg�3) P/T (100mg/kg�3)
/58 CFPM (50mg/kg�2) CAZ (50mg/kg�3)
/25 CFPM (50mg/kg�3) P/T (90mg/kg�4)
/59 C/S (33.3mg/kg�3) P/T (90mg/kg�4) AMK (15mg/kg)
/22 CAZ (50mg/kg�3) MEPM (20mg/kg�3)
/170 CAZ (33.3mg/kg�3) MEPM (20mg/kg�3)
/57 CZOP (25mg/kg�4) P/T (125mg/kg�3)
/52 C/S (33mg/kg�3) P/T (120mg/kg�3)
/31 CFPM (50mg/kg�3) CAZ (33.3mg/kg�3)
/200 P/T (120mg/kg�3) MEPM (40mg/kg�3)
/24 CFPM (50mg/kg�3) MEPM (20mg/kg�3)
/55 CFPM (50mg/kg�3) CAZ (50mg/kg�3)
/33 CFPM (20mg/kg�3) MEPM (50mg/kg�3)
/110 P/T (112.5mg/kg�3) CFPM (25mg/kg�4)
/112 CZOP (25mg/kg�4) CFPM (25mg/kg�4)
/198 P/T (120mg/kg�3) MEPM (20mg/kg�3)
/62 P/T (90mg/kg�4) CFPM (50mg/kg�3)
/33 I/C (15mg/kg�4) P/T (90mg/kg�4)

ran, I/C= imipenem/cilastatin, MEPM=meropenem, P/T=piperacillin/tazobactam.
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Figure 3. Network plot for treatment success. C/S=cefoperazone/sulbac-
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regimens, followed by piperacillin/tazobactam. In addition,
piperacillin/tazobactam was dominant in the comprehensive
ranking of all-cause mortality.
3.10. Publication bias analysis

This study performed a comparison-correction funnel plot for the
primary outcomes to identify publication bias (see Figure S3,
Supplemental Digital Content, http://links.lww.com/MD2/A595,
which illustrates the funnel plots of primary outcome). When the
points distributed in the funnel plot are symmetrical, it suggests
that there is no publication bias.[52] The points of the funnel plot
showed no sign of asymmetry on either side of the centerline, but
there was an angle between the centerline and the correction
guideline. This reveals that the results of our study may have
some potential publication bias.
3.11. Quality of evidence

We used the GRADE to further assess the quality of evidence for
direct evidence. The GRADE assessments for all the outcomes are
Table 2

OR and 95% CI for the comparative efficacy of antipseudomonal b-la
febrile neutropenia.
CFPM 1.08 (0.73, 1.60) 1.47 (0.37, 5.74) 0.99 (0.57
1.06 (0.59, 2.00) P/T 1.72 (0.27, 10.96)
1.54 (0.76, 3.30) 1.45 (0.74, 2.98) MEPM 0.96 (0.57
1.16 (0.52, 2.39) 1.07 (0.44, 2.49) 0.73 (0.30, 1.74) CAZ
1.10 (0.29, 3.31) 1.01 (0.37, 2.65) 0.68 (0.19, 2.25) 0.93 (0.26
1.11 (0.42, 3.11) 1.05 (0.40, 2.78) 0.72 (0.23, 2.49) 1.01 (0.30
0.68 (0.15, 3.20) 0.64 (0.16, 2.72) 0.44 (0.09, 2.41) 0.59 (0.12

The lower triangle (in grey) shows summary ORs (95% CIs) derived in network meta-analysis (taking into acc
the column as reference. In contrast, the upper triangle (in white) shows summary ORs (95% CIs) derived in
drug in the column versus the drug in the row as reference. White spaces indicate lack of direct evide
C/S= cefoperazone/sulbactam, CAZ= ceftazidime, CFPM= cefepime, CI = confidence interval, CZOP
tazobactam.
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presented in Table S6, Supplemental Digital Content, http://links.
lww.com/MD2/A602 (which illustrates the quality of evidence
for the direct comparisons by GRADE). The quality of a majority
of direct comparisons of treatment success without modification
and AEs was moderate; however, most of the comparisons of all-
cause mortality and new infections were of relatively low quality.
4. Discussion

This is the first systematic review and network meta-analysis
comparing the efficacy and safety of current optional anti-
pseudomonal b-lactam treatments for pediatric FN patients and
assessing multiple outcomes. Several key findings were obtained
in this analysis. First, regarding the results of treatment success
without modification, although no antipseudomonal b-lactams
option was significant among the comparisons, meropenem was
ranked highest among all the treatment options. Second,
ceftazidime and meropenem were associated with a lower risk
of AEs; however, no significant differences were found among the
treatment options. Third, cefoperazone/sulbactam and piper-
acillin/tazobactamwere associated with a lower risk of mortality,
although there was no significant difference among the compared
treatments. Finally, piperacillin/tazobactam and meropenem
were associated with a lower risk of new infections without
significant difference among the compared treatments. These
findings indicate that no significant difference was found in the
efficacy and safety outcomes of the evaluated antipseudomonal
b-lactams in pediatric FN patients.
A previous meta-analysis[4] evaluated antipseudomonal b-lac-

tams for adult and pediatric FN patients, and showed that
imipenem/cilastatin, piperacillin/tazobactam, and meropenem
could be used as the first-line empirical antibiotic monotherapy
for FN. However, most of the included patients were adults.
Similar to the previous meta-analyses, our study indicated that
meropenem and piperacillin/tazobactam were associated with a
higher rank of clinical efficiency and safety profile for the
treatment of pediatric FN patients, although no significant
difference was found in the comparison of outcomes. Therefore,
we suggest that meropenem and piperacillin/tazobactam may be
used as first-choice regimens for the treatment of pediatric FN
patients.
A previous meta-analysis[16] evaluated carbapenems versus

alternative b-lactams for adult FN and showed that meropenem
and imipenem/cilastatin monotherapy appeared to be better
alternatives for FN treatment than the b-lactams. Another
published meta-analysis[18] indicated that ceftazidime, pipera-
ctams for the treatment success without modification of pediatric
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cillin/tazobactam, imipenem/cilastatin, and meropenem appear
to be suitable antibiotics for monotherapy. In the present study,
we assessed 2 fourth-generation b-lactams, cefepime and
cefozopran. These antibiotics were associated with a lower
treatment success rate in the main analysis, without considerable
significance. Only 1 included trial evaluated imipenem/cilastatin,
and the relative efficacy of imipenem/cilastatin was inconclusive.
Further research is required to prove the efficacy of cefoperazone/
sulbactam and imipenem/cilastatin.
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Currently, clinicians still lack evidence-based guidelines on the
selection of the antipseudomonal b-lactams for the treatment of
pediatric FN. Thus, while choosing the therapeutic strategy,
clinicians should consider all the clinically relevant factors,
including microbial sensitivity and comorbidities. In addition,
local issues in antibiotic therapy such as epidemiology, pattern of
susceptibility, and drug resistance should be considered. A major
advantage of our study is the inclusion of substantial
comprehensiveness of RCTs that assessed pediatric FN patients
w infections
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as compared to the previous reviews. Previous studies included
the patients of all age groups, and their results should be applied
to the pediatric age group with caution. Therefore, the present
work is the latest completed evaluation of treatment options for
efficacy and safety outcomes in pediatric patients. Furthermore,
network meta-analysis compares multiple optional antipseudo-
monal b-lactams, even if there are only a small number of
available trials.
This study has some limitations. The open-label and “unclear”

methodology study design in most of the included studies may
have led to performance and detection biases. The definitions of
neutropenic fever and treatment success without modification in
each trial were not completely consistent. Premature modification
of antibiotics may also lead to treatment failure, and it was
difficult to distinguish whether the treatment failure was a
function of outright failure in some trials. Finally, there was
substantial heterogeneity with regard to designs among some
comparisons of the traditional pairwise meta-analysis, which
may be a result of high variability in the dose and duration of each
drug used. Other potential explanatory factors, such as patient
characteristics or study design, have been previously evaluated,
but they were not the source of heterogeneity. In addition,
considering heterogeneity, our confidence in the quality of the
evidence was low to moderate. On the contrary, we could not
determine the most effective dose, route of administration, and
duration of therapy for each treatment owing to the relatively
small sample size, which resulted in insufficient statistical power.
Evaluation of each antibiotic regimen without consideration of
dosage might introduce some bias.
5. Conclusion

In summary, we performed a systematic review and network
meta-analysis to compare the optional antipseudomonal b-lac-
tam monotherapies in pediatric FN patients, including 18 RCTs
covering 2517 pediatric patients. The results showed that there
was no significant difference in the outcomes of treatment
success, all AEs, all-cause mortality, and new infections among
these optional antipseudomonal b-lactams. However, based on
the results of Bayesian rank probability, meropenem and
piperacillin/tazobactam were associated with a higher treatment
success rate and a comparable safety profile. Our research should
be considered as crucial evidence to help make clinical decisions
while choosing an appropriate antipseudomonal b-lactam
regimen for the treatment of pediatric FN patients. Considering
the quality and sample size of the included studies, well-designed
and high-quality RCTs with larger sample sizes are needed to
confirm our findings.
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