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Efficacy and Safety of Cefepime in Pediatric Patients:
A Systematic Review and Meta-Analysis

Elisabeth E. Adderson, MD, Patricia M. Flynn, MD,* and James M. Hoffman, PharmD*

Objectives We systematically reviewed clinical trials on the safety and efficacy of cefepime in pediatric patients in
view of recent reports, which suggested that cefepime is associated with increased 30-day all-cause mortality
rates.

Study design We searched the Cochrane Central Registry of Controlled Trials (CENTRAL), MEDLINE, EMBASE,
and other published and unpublished sources. Randomized clinical trials of cefepime in patients <19 years of age
were selected.

Results Sixteeen clinical trials were included. All-cause mortality rates did not differ between cefepime and com-
parator groups (risk difference, 0.00; 95% ClI, -0.01-0.02). The risks of overall clinical failure (relative risk, 0.93; 95%
Cl, 0.82-1.04; P > .05) and failure in microbiologically confirmed infections (relative risk, 0.91; 95% CI, 0.68-1.22; P >
.05) were not greater in subjects treated with cefepime. Rates of adverse events were similar in each group in all
trials except 1. All studies had significant methodological flaws.

Conclusions Comparisons of the safety and efficacy of cefepime relative with other antimicrobial agents in
pediatric patients are limited by small numbers of trials and enrolled subjects and poor study methodology. This
review, however, suggests that cefepime therapy in pediatric patients is not associated with an increased risk of
adverse outcomes. (J Pediatr 2010;157:490-5).

efepime is a semi-synthetic fourth-generation cephalosporin with good activity against both Gram-positive and Gram-

negative bacteria, including Pseudomonas aeruginosa."* It is generally more active against Gram-negative pathogens

because of its rapid penetration of the bacterial cell membrane, high affinity for the penicillin binding proteins involved
in bacterial cell wall synthesis, and resistance to hydrolysis by many 8-lactamases.’ After parenteral administration, cefepime is
widely distributed in tissues and body fluids."” In 1999, the United States Food and Drug Administration (FDA) approved
cefepime for the treatment of patients >2 years of age with moderate to severe pneumonia, urinary tract infections, skin
and skin structure infections, and complicated intra-abdominal infections and in the empiric therapy for febrile neutropenic
patients.”

In 2006, Paul et al* published the results of a structured review and meta-analysis of the efficacy and safety of cefepime
as empiric monotherapy for febrile neutropenia. This reported an overall risk ratio for all-cause mortality at 30 days of
1.44 (95% CI, 1.06-1.94) in patients treated with cefepime compared with patients treated with other §-lactam antibiotics
in 17 clinical trials.* Infection-related mortality also was more common with cefepime, and bacterial superinfection devel-
oped in a larger number of subjects treated with cefepime. In 3 studies recruiting only pediatric subjects, mortality was also
higher in children treated with cefepime compared with children treated with ceftazidime (risk ratio [RR], 2.28; 95% CI,
0.53-9.79).* A subsequent systematic review of randomized clinical trials with cefepime for any indication revealed a overall
higher RR for all-cause mortality for cefepime compared with other §-lactam agents (RR, 1.26; 95% CI, 1.08-1.49), but
pediatric data were not reported separately.” In November 2007, the FDA issued a request for additional data to further
evaluate the risk of death in patients treated with cefepime.® FDA meta-analyses reported in June 2009 found no statisti-
cally significant increase in mortality when cefepime was compared with other comparators.” The FDA concluded that
cefepime was safe for its approved indications, but noted that it continues to review the safety of cefepime. Pending
the results of this ongoing evaluation, health care professionals were advised to consider the risks and benefits of the
use of cefepime.

Although these reviews included data on pediatric patients treated with cefe-
pime, the relative risks of this treatment were not analyzed in detail for important z;Zmpﬁ';ra‘:5:3;22’,1tSSC?;L'g::t('jL;{S)D'SSfaJﬁe(%Q|dfe';/'S)
clinical subgroups or all outcomes, and certain unpublished data were not in- gﬁ:izrlcgh':‘r’;gg'kj‘{:;”g';;;{ﬂi:‘(g?e;ﬁ?enfs of
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cluded in these reviews. Because pediatric patients may differ
from adults in the etiologic agent of infections, preferred
therapies, the risk of poor outcomes, and rates of adverse
events, we systematically reviewed all randomized clinical tri-
als in children and adolescents that compared cefepime with
other conventionally used antibiotic regimens. The primary
end points were all-cause mortality and efficacy. Patients’
baseline characteristics and rates of adverse events also were
evaluated.

All randomized controlled comparisons of cefepime with
another comparator in pediatric (<19 years of age) subjects
were included. Trials that included both adults and children
as study subjects were excluded when data from children
were not reported independently from those of adult sub-
jects. The addition of other antimicrobial agents, including
aminoglycosides and glycopeptides, was permitted when
this was consistent with generally accepted clinical practice.
The primary outcomes assessed were overall mortality rate
and clinical failure, defined as incomplete resolution of in-
fection without treatment modification. When 30-day all-
cause mortality data were not available, mortality at the
end of the study follow-up period (as long as 30 days) was
used. Secondary outcomes included microbiologic failure
and adverse effects.

Two reviewers independently searched for studies, applied
inclusion criteria, extracted data, and assessed the validity of
included studies. Disagreements between reviewers were re-
solved with consensus. We searched the Cochrane Central
Registry of Controlled Trials (CENTRAL, The Cochrane Li-
brary, Issue 3, 2008), MEDLINE (January 1966-January
2009), and EMBASE (January 1980-January 2009) databases
by using the search terms “cefepime,” “cefepim,” and “BMY-
28142.” No language restrictions were used. Unpublished tri-
als were sought in new drug applications to the FDA, regula-
tory reviews, references of published clinical trials, abstracts
of relevant scientific conferences, and through personal con-
tact with clinical trials investigators, the FDA, and pharma-
ceutical companies. The last search was performed on Aug
3, 2009.

Outcomes were extracted preferentially by intention-to-
treat when these data were available. Otherwise, per proto-
col data were extracted, and sensitivity analyses were per-
formed to compare the data with intention-to-treat
analyses. For clinical failure, a modified intention-to-treat
analysis was conducted by imputing clinical failure for all
enrolled subjects who did not complete the study. Subgroup
analyses were planned to identify differences in outcomes in
febrile neutropenia and in other suspected serious bacterial
infections. Clinical heterogeneity was analyzed qualitatively,
taking into account differences in the baseline characteris-
tics of the studied population and type of infection. The
baseline characteristics of subjects that may have influenced
treatment outcomes were also compared. For studies of

Vol. 157, No. 3 e September 2010

therapy for febrile neutropenia, the proportion of patients
with an absolute neutrophil count (ANC) <100/mm’, pro-
portion of patients with acute leukemia, proportion of pa-
tients not in cancer remission, and proportion of patients
with microbiologically confirmed and clinically docu-
mented infections were assessed. For other infections, the
proportion of patients with microbiologically confirmed
and clinically documented infections were determined.
The group (cefepime or comparator) with the highest prev-
alence of a particular risk factor was assigned 1 point, as de-
scribed by Yahav, and study groups in all trials were
compared.’

Quality assessment was performed independently by each
reviewer with 2 instruments, a 3-item scale that assessed ran-
domization, allocation concealment, and attrition of subjects
and a 9-item scale that evaluated enrollment and randomiza-
tion methods, concealment of allocation, blinding, baseline
characteristics, and data analysis.>® Sensitivity analyses
were performed to assess the effect of patient characteristics
on outcomes.

Quantitative Data Synthesis

Mantel-Haenszel risk differences (RD) were calculated for
each study for the primary outcome of all-cause mortality
rate and combined to derive pooled estimates of the overall
RD. Mantel-Haenszel RRs and their 95% Cls were calculated
for all outcomes for each study and combined when this was
deemed appropriate. Heterogeneity was assessed with the x*
test for heterogeneity and the I* measure of inconsistency by
using Review Manager software version 5.0.15 (The Nordic
Cochrane Center; The Cochrane Collaboration, Copenha-
gen, Denmark).'® Small study bias was assessed with funnel
plots.

A total of 5467 records were retrieved, including 98 that de-
scribed randomized clinical trials (Figure 1). In 79 of these
studies, children were not enrolled or data from pediatric
subjects were pooled with that of adults. Three additional
studies were excluded because the study design was not
explicitly stated or because data were reported incompletely
and efforts to obtain clarification were not successful.”'!
Data from 16 randomized clinical trials were included in
the analysis. Data from only a subset of patients were
available in the case of 1 trial that compared the efficacy of
cefepime and ceftazidime for respiratory tract infections
and pyelonephritis/complicated urinary tract infections
(UTI). 1213

The efficacy of cefepime compared with other beta-lactam
antibiotics for the empiric therapy of febrile neutropenia in
pediatric oncology patients was addressed in 8 randomized
clinical trials (Table 1).'">"*! Patients with leukemia were
excluded from 3 of these trials; otherwise, inclusion criteria
did not differ considerably. Eight studies compared the
efficacy of cefepime with other beta-lactam agents for
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98 RCTs identified

79 trials did not include pediatric
subjects or data presented in
aggregate with that of adults

Y

19 RCTs reviewed in detail

3 trials inadequately reported

\J

A

16 RCTs included in meta-
analysis

16 trials
e 16 trials (1827 subjects)
included in analysis of all-

1 cause mortality

e 16 trials (1770 subjects)
included in analysis of
clinical failure

e 9 trials (682 subjects)
included in analysis of
clinical failure in
microbiologically-confirmed
infection

* 15 trials (1264 subjects)
included in analysis of
adverse events

RCTs included in meta-
analysis, by outcome

Figure 1. Study flow.

: 1 L 12,13,22-26
suspected or proven serious bacterial infections. The

addition of other antimicrobial agents was permitted in 7
trials when symptoms persisted, resistant pathogens were
identified, new infections emerged, or at the treating
physician’s discretion.'**°
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Methodologic Quality of Included Studies

Opverall, the quality of studies was poor. Although all studies
were described as randomized, no report described the exact
method of randomization. Only 1 study reported a strategy
for allocation concealment.*® All reports explicitly described
inclusion criteria. In studies describing the baseline charac-
teristics of patients, they were well matched between cefe-
pime and comparator groups. The mean score for baseline
patient risk factors did not differ significantly for cefepime
compared with other antimicrobial agents overall (cefepime,
1.36; 95% CI, 1.07-1.65; comparator, 1.21; 95% CI, 0.71-
1.73) or for trials in patients with febrile neutropenia (cefe-
pime, 2.00; 95% CI, 1.58-2.42; comparator, 1.75; 95% CI,
1.16-2.35). Nine reports adequately described withdrawals
and subjects lost to follow-up. Primary outcomes were ana-
lyzed by using an intention-to-treat strategy in 10 studies.
In 7 studies, the final analysis was limited to a subset of par-
ticipants who were considered evaluable, excluding those
subjects with unspecified protocol violations,'®** who
failed to meet eligibility criteria,'®'”?* who received im-
proper doses of the study drug,”” who had non-bacterial or
no documented bacterial infection,'>'>?****> fever attrib-
uted to malignancy,'®'” and who discontinued therapy pre-
maturely'>'>?**> or had early modification of therapy
without adequate reason'> or because of adverse events,*>*
therapeutic failure,'> or death attributed to chemotherapy
toxicity,'® or who failed to meet defined criteria for therapeu-
tic success or failure.”” Although point estimates of effect for
most important outcomes were provided in all reports, none
reported a measure of variability of the estimate of the treat-
ment effect.

Of the studies included in this review that were published
in peer-reviewed journals, only one disclosed industry spon-
sorship, although it is likely that other studies received finan-
cial support. No authors described financial or other
potential conflicts of interests in these publications.

( Table I. Characteristics of included studies W
Study Years Participant age (years) Indication Interventions
Agaoglu 2001 1998-99 0.8-18.0 FN cefepime + netilmicin versus
ceftazidime + amikacin versus
meropenem
Arrieta 200171324 no data 0.1-12.0 SBI cefepime versus ceftazidime
Bradley 2001a”'%13 1990-91 2.0-15.0 SBI cefepime versus cefuroxime
Bradley 2001b7'213 1991-93 0.2-18.0 SBI cefepime versus cefotaxime
Bradley 2001¢”1%13 no data 0.1-12.0 SBI cefepime versus ceftazidime
Corapcioglu 2005'® 2003-04 <18 FN cefepime + amikacin versus
ceftazidime + amikacin
Corapcioglu 2006'” 2004-05 <18 FN cefepime versus piperacillin/tazobactam
Chuang 2002'® 2000-01 0.2-15.0 FN cefepime versus ceftazidime
Huang 2005%2 no data 0.1-9.0 pneumonia cefepime versus cefoperazone/sulbactam
Kebudi 20018 1998 0.1-14.0 FN cefepime versus ceftazidime
Kutluk 2004'° no data <16 FN cefepime versus meropenem
Mustafa 200171220 1991-93 0.2-18.0 FN cefepime versus ceftazidime
Oguz 20062" 2003-04 0.25-16.0 FN cefepime versus meropenem
Saez-Llorens 20017122 1991-93 0.2-14.0 meningitis cefepime versus cefotaxime versus ceftriaxone
Schaad 19987122 1996-97 0.1-12.0 uTl cefepime versus ceftazidime
Shahid 2008% 2004-05 <1 VAP cefepime versus ceftazidime
\ J

FN, Febrile neutropenia; SBJ, serious bacterial infection.
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Cefepime Comparator Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Febrile neutropenia
Corapcioglu 2005 0 25 0 25 Not estimable
Corapcioglu 2006 0 25 0 25 Not estimable
Kebudi 2001 0 32 0 31 Not estimable
Oguz 2006 0 32 0 33 Not estimable
Agaoglu 2001 0 28 0 59 Not estimable
Mustafa 2001 3 74 1 75 58% 3.04 [0.32, 28.57] N e
Kutluk 2004 1 25 1 24  6.0% 0.96 [0.06, 14.50]
Chuang 2002 3 58 2 58 11.7% 1.50 [0.26, 8.65] N
Subtotal (95% CI) 299 330 23.5% 1.74 [0.52, 5.82] e~
Total events 7 4

Heterogeneity: Chi* = 0.45, df =2 (P = 0.80); I’ =0%

Test for overall effect: Z = 0.90 (P = 0.37)

Other
Bradley 2001a 0 20 0 8
Bradley 2001b 0 22 0 12
Bradley 2001¢c 1 81 0 85 29%
Huang 2005 0 50 0 50
Arrieta 2001 0 100 0 96
Schaad 1998 0 149 0 150
Shahid 2008 4] 18 3 15 20.5%
Saez-Llorens 2001 10 174 9 171 53.2%
Subtotal (95% CI) 611 587 76.5%
Total events 11 12
Heterogeneity: Chi2 = 2.33, df =2 (P = 0.31); 2= 14%
Test for overall effect: Z = 0.23 (P = 0.82)
Total (5% CI) 910 917 100.0%
Total events 18 16

Heterogeneity: Chi* = 3.26, df = 5 (P = 0.66); I = 0%
Test for overall effect: Z = 0.32 (P = 0.75)

Not estimable
Not estimable
3.15[0.13, 76.14]
Not estimable
Not estimable
Not estimable
0.14 [0.01, 2.55] ¢ =

1.09 [0.45, 2.62]
0.91 [0.43, 1.96]

-

>

1.11 [0.59, 2.10]

0.01 0.1 1 10 100
Favors cefepime Favors comparator

Figure 2. Cefepime versus comparator: all-cause mortality rate.

Treatment Outcomes

Mortality was reported for 16 trials involving 1827 patients.
The time point at which mortality and efficacy was evaluated
was not specified in 8 studies. Overall mortality rate for cefe-
pime was similar to that of its comparators (RR, 1.1; 95%
CI, 0.59-2.10; P > .05; Figure 2). The overall RD was 0.00
(95% CI, -0.01-0.02). All antibiotic comparators had
mortality rates comparable with cefepime. Patients receiving
cefepime for therapy of febrile neutropenia had an increased
risk of death (7 of 299 patients versus 4 of 330 patients
receiving comparators), but this was not significant. The RD
for patients receiving cefepime compared with other
antimicrobial agents for therapy of febrile neutropenia was
0.01 (95% CI, -0.02-0.03).

Clinical failure was reported for 16 trials and 1770 patients.
Overall, clinical failure rates and clinical failure rates in febrile
neutropenia did not differ between cefepime and compara-
tors (Figure 3). Microbiologic failure was reported in 9
trials involving 682 patients. Overall failure in
microbiologically confirmed infections was similar for
cefepime and comparators (RR, 0.91; 95% CI, 0.68-1.22; P
> .05). Patients with febrile neutropenia who were treated

Efficacy and Safety of Cefepime in Pediatric Patients: A Systematic Review and Meta-Analysis

with cefepime were less likely to experience treatment
failure than patients treated with comparators (RR, 0.70;
95% CI, 0.46-1.07; P > .05), but this difference was not
statistically significant (data not shown).

No reports explicitly described the nature and timing of
evaluations for adverse events, and adverse events were re-
ported comprehensively in only 3 studies. A meta-analysis
of the RR for adverse events was not performed because of
clinical and statistical heterogeneity in both the nature and
rates of adverse events reported in individual studies
(Table II; available at www.jpeds.com). Rates of adverse
events were comparable for cefepime and comparators,
except in 1 study, which reported 10 adverse events in 20
subjects in the cefepime group and none in 8 patients
receiving cefuroxime.'>

Although our search strategy was comprehensive and our
analysis included studies not evaluated in earlier systematic
reviews, the number of reported trials in pediatric patients
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Cefepime Comparator Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Febrile Neutropenia
Kebudi 2001 12 32 12 31 3.7% 0.97 [0.52, 1.82] I
Oguz 2006 1 32 13 33 3.9% 0.87 [0.46, 1.65] B
Kutluk 2004 12 25 13 24 4.0% 0.89[0.51, 1.54] ==
Corapcioglu 2006 18 30 13 28 4.1% 1.29[0.79, 2.12] T™
Agaoglu 2001 14 28 16 29 4.8% 0.91 [0.55, 1.49] -1
Corapcioglu 2005 17 30 20 30 6.1% 0.85[0.57, 1.27] ™
Chuang 2002 25 58 24 58 7.3% 1.04 [0.68, 1.59] T
Mustafa 2001 32 49 45 55 12.9% 0.80[0.63, 1.01] Bl
Subtotal {95% CI) 284 288 46.7% 0.92 [0.79, 1.08] ’
Total events 141 156
Heterogeneity: Chi? = 3.77,df =7 (P = 0.81); 2= 0%
Test for overall effect: Z = 1.00 (P = 0.32)
Other
Bradley 2001b 3 22 1 12 04%  1.64[0.19, 14.06] N I
Bradley 2001a 2 20 1 8 04% 0.80 [0.08, 7.64] — =
Huang 2005 6 50 10 50 3.0% 0.60 [0.24, 1.53] -1
Shahid 2008 5 15 10 15 3.0% 0.50[0.22, 1.11] =
Arrieta 2001 27 100 29 96 9.0% 0.89[0.57, 1.39] ™
Schaad 1998 36 149 33 150 10.0% 1.10[0.73, 1.66] T
Bradley 2001¢c 39 81 40 85 11.8% 1.02 [0.74, 1.41] "
Saez-Llorens 2001 47 174 51 171 15.6% 0.91 [0.65, 1.27] B
Subtotal (95% CI) 611 587 53.3% 0.93 [0.78, 1.11] 4
Total events 165 175
Heterogeneity: Chi? =4.46,df=7 (P =0.73); =0%
Test for overall effect: Z = 0.81 (P = 0.42)
Total (95% ClI) 895 875 100.0% 0.93 [0.82, 1.04] 4
Total events 306 331
Heterogeneity: Chi? = 8.26, df = 15 (P = 0.91); P = 0% =0_0 1 oi 1 p 1=0 1 ooi

Test for overall effect: Z = 1.25 (P = 0.21)

Favors cefepime Favors comparator

Figure 3. Cefepime versus comparator: clinical failure.

is small, and most trials enrolled relatively few subjects. Fur-
ther analysis of data in special subgroups of interest, there-
fore, was not feasible. The considerable methodological
shortcomings of the studies included in this review are
aforementioned. Although these relationships are inconsis-
tent, some studies have demonstrated that clinical trials
that do not make use of adequate randomization proce-
dures or allocation concealment and trials that are not
double-blinded, particularly small trials, may overestimate
the benefits of an intervention.”” Only 10 reports included
in this review seemed to analyze according to an
intention-to-treat strategy, but few reports explicitly stated
their methods. In general, losses to follow-up and missing
data were poorly or not described. Some studies explicitly
excluded subjects from analysis because of adverse events
or lack of treatment response.

Our analyses contradict those of Yahav and collabora-
tors.*> These findings may reflect the inclusion of more
data (16 versus 5 randomized clinical trials) and differ-
ences in inclusion criteria. The earlier reviews included
only studies comparing monotherapy with -lactam and

494

carbapenem agents and those that permitted the addition
of a glycopeptide to both study arms. We were more lib-
eral in our inclusion criteria, permitting other acceptable
antimicrobial options, on the basis of current professional
society recommendations.”®?® Other authors have criti-
cized the conclusions of Yahav et al, noting some discrep-
ancies in their analysis and potentially excessive
heterogeneity in infection-attributable mortality between
study groups.”

Our findings support the recommendation of the
FDA, based on trial- and patient-level meta-analyses,
that cefepime remains acceptable therapy for approved
indications. This conclusion must be tempered, how-
ever, by the understanding that small numbers of
patients were included in these studies and that method-
ological flaws or other sources of partiality might impact
on outcomes. More appropriately designed clinical trials
are required to establish definitively the safety and effi-
cacy of cefepime in children. Vigorous post-marketing
surveillance and ongoing analysis of existing data should
consider important clinical subgroups and the
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differences between children and adults in treatment
outcomes and adverse events. m

Submitted for publication Oct 5, 2009; last revision received Feb 24, 2010;
accepted Mar 17, 2010.
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( Table II. Adverse events reported in clinical trials comparing cefepime with other antimicrobials

Number of adverse events (rate/patient)

Study Cefepime Comparator

Agaoglu 2001 0 (0.00) 3(0.05)
Arrieta 2001* - -
Bradley 2001a 10/20 (0.50) 0/8 (0.00)
Bradley 2001b 9/22 (0.41) 7/12 (0.58)
Bradley 2001c 96/80 (1.20) 103/84 (1.23)
Corapcioglu 2005 0/25 (0.00) 1/25 (0.04)
Corapcioglu 2006 3/25(0.12) 1/25 (0.04)
Chuang 2002 1/48 (0.02) 0/48 (0.00)
Huang 2005 1/50 (0.02) 1/50 (0.02)
Kebudi 2001 0/32 (0.00) 0/31 (0.00)
Kutluk 2004 0/25 (0.00) 0/24 (0.00)
Mustafa 2001 63/46 (1.37) 74/54 (1.37)
Oguy 2006 0/32 (0.00) 0/33 (0.00)
Saez-Llorens 2001* - -
Schaad 1998 41/149 (0.28) 37/150 (0.25)
Shahid 2008 0/15 (0.00) 0/15 (0.00)
Total 224/597 (0.38) 227/618 (0.37)

e W

*Not reported.
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