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Background. On the basis of meta-analyses, concern has been raised regarding a possible signal of increased
mortality associated with the use of cefepime versus other b-lactam antibiotics. To further investigate this possible
signal, we accessed findings and data from published and unpublished cefepime clinical trials.

Methods. We performed meta-analyses using trial- and patient-level data from comparative trials. Trial-level
analyses were performed using summary data from all patients in the trials, and patient-level analyses were
performed on trials for which patient-level data were available. Thirty-day, all-cause mortality was analyzed using
the Mantel-Haenszel adjusted risk difference (ARD) method.

Results. The trial-level meta-analysis was based on 88 trials (9467 cefepime patients and 8288 comparator
patients). The 30-day, all-cause mortality rates were 6.21% (588/9467) for the cefepime patients and 6.00% (497/
8288) for comparator patients (ARD per 1000 population, 5.38; 95% confidence interval [CI], �1.53 to 12.28).
In the patient-level analysis (35 trials, 5058 cefepime patients, and 3976 comparator patients), 30-day, all-cause
mortality rates were 5.63% (285/5058) for cefepime patients and 5.68% (226/3976) for comparator patients (ARD
per 1000 population, 4.83; 95% CI, �4.72 to 14.38). A sensitivity analysis based solely on the 24 febrile neutropenia
trials did not show a statistically significant increase in mortality with cefepime use (ARD per 1000 population,
9.67; 95% CI, �2.87 to 22.21).

Conclusions. In both trial-level and patient-level meta-analyses, we did not identify a statistically significant
increase in mortality among cefepime-treated patients, compared with those treated with other antibacterials.

Cefepime was approved by the US Food and Drug Ad-

ministration (FDA) in 1996 for the following indica-

tions: pneumonia (moderate to severe), uncomplicated

and complicated urinary tract infections (including py-

elonephritis), uncomplicated skin and skin structure

infections, and complicated intra-abdominal infections.

In 1997, cefepime was approved by the FDA as mono-

therapy for the empiric treatment of febrile neutropenia
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and is the only antibacterial agent approved as mono-

therapy for this indication in the United States. Cefe-

pime is included as a recommended therapy in treat-

ment guidelines for febrile neutropenia [1].

An increased risk of mortality associated with cefe-

pime use has been reported in 2 previously published

meta-analyses. Paul et al [2] published a trial-level

meta-analysis in 2006 based on 17 publications re-

porting increased 30-day mortality with cefepime rel-

ative to other b-lactams when used for empiric anti-

bacterial monotherapy for febrile neutropenia (risk ratio

[RR], 1.44; 95% confidence interval [CI], 1.06–1.94). In

2007, the same group (Yahav et al [3]) published a trial-

level meta-analysis based on 57 publications that showed

increased 30-day mortality associated with cefepime,

compared with other b-lactams (RR, 1.26; 95% CI, 1.08–

1.49), for the following clinical conditions combined:

febrile neutropenia, pneumonia, urinary tract or gyne-

cologic infections, and other or mixed infections [3]. This

finding was based on mortality data from 41 of the 57
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Figure 1. Flow diagram for the selection of trials in the trial-level analysis.

publications, because mortality data were missing from 16

publications; higher mortality rates were also noted in the subset

of 19 febrile neutropenia publications (RR, 1.42; 95% CI, 1.09–

1.84). The 2007 meta-analysis included 15 of the 17 cefepime

publications from the 2006 meta-analysis; 2 publications were

excluded because the trials were quasi-randomized.

Because of concern regarding the possible increased risk of

mortality associated with cefepime use, we conducted a meta-

analysis accessing both published and unpublished cefepime

clinical trial data and findings. Our primary objective was to

examine whether cefepime use was associated with an increased

risk of mortality relative to the comparator drugs in random-

ized controlled trials. Our secondary objective was to examine

whether the risk of mortality was associated with covariates

such as clinical condition treated, comparator drug(s), and de-

mographic and baseline risk factors (eg, presence of a micro-

biologically documented pathogen, baseline pathogen suscep-

tibility, presence of renal failure, active malignant neoplasm,

and bone marrow transplant). To gain a better understanding

of the causes of death, including the possibility of lack of drug

efficacy, we reviewed the case report forms (CRFs) of all patients

who died in the febrile neutropenia trials that had previously

been submitted to the FDA for registration purposes.

METHODS

We attempted to develop a complete list of all clinical trials of

cefepime encompassing all published and unpublished trials, in-

cluding those not previously submitted to the FDA. We also

attempted to obtain mortality data that were missing from 16

of the 57 publications included in the 2007 meta-analysis de-

scribed herein [4–19]. Information gleaned from this process was

used to define the set of trials included in our meta-analyses.

Both patient- and trial-level data were sought from the phar-

maceutical sponsor and from the authors of the publications.

Trial-level data included information by trial regarding number

of patients, number of deaths, clinical condition treated, and

comparator drug(s) used. In addition, the patient-level data

included variables for patient and trial identification, age, sex,

race, study location, and any of the following present at base-

line: any pathogen recovered, all isolated pathogens suscepti-

ble to study therapy, presence of a fungal pathogen, whether

an infection was monomicrobial or polymicrobial, presence of

renal insufficiency or failure, active malignant neoplasm, and

history of bone marrow transplantation.

Trials were characterized on the basis of level of data (patient

vs trial), whether mortality data were based on the intent-to-

treat (preferred due to randomization protection) or the clin-

ically evaluable subset population, whether mortality rates were

based on actual patients versus episodes of therapy (febrile neu-

tropenia trials only), phase of trials, clinical condition treated,

comparator agent(s) used, combination regimen used (if appli-

cable), use of blinding, duration of follow-up, and inclusion in

the 2007 meta-analysis.

A statistical analysis plan was developed before performing the

meta-analysis. In our meta-analysis, we included the following:

(1) all parallel-arm, randomized, active-controlled trials con-
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Figure 2. Flow diagram for the selection of trials in the patient-level analysis. *In the patient-level analysis, the safety intent-to-treat (ITT) population
was defined as all patients who received at least 1 dose of study drug and whose 30-day, all-cause mortality status was known.

Table 1. Trials by Clinical Condition Treated in the Trial-Level
Data

Clinical condition
No.

of trials

No. (%) of patients

Cefepime Comparator

Febrile neutropenia 24 2791 (29.48) 2658 (32.07)
Intra-abdominal infection 7 628 (6.63) 470 (5.67)
Pneumonia 26 2228 (23.53) 1821 (21.97)
Urinary tract infection 7 763 (8.06) 490 (5.91)
Skin structure infectiona 2 335 (3.54) 165 (1.99)
Other 22 2722 (28.75) 2684 (32.38)

Total 88 9467 (100) 8288 (100)

a Not differentiated by uncomplicated versus complicated skin and skin
structure infections.

ducted with cefepime with or without adjunct therapy; (2) all

US and non-US trials, including those not previously submitted

to the FDA; and (3) trials with at least 10 patients per treatment

arm. Figures 1 and 2 outline the process used to select trials

included in the trial- and patient-level meta-analyses.

To include trials with no deaths in both treatment arms,

meta-analysis was performed using the Mantel-Haenszel ad-

justed risk difference (ARD) method (Comprehensive Meta

Analysis, version 2.2; BioStat), which uses a weighted average

based on each trial’s size and magnitude of point estimate [20].

The ARD and 95% CIs were calculated using a fixed-effects

model. The primary endpoint was all-cause mortality 30-days

after therapy. Several sensitivity analyses (eg, exact method for

odds ratio and Cox proportional hazards model stratified by

trial) were conducted to check the robustness of the findings

[21]. A sensitivity analysis using a random-effects model was

also performed.

The 7 comparative febrile neutropenia trials with patient-

level data were reviewed in further detail to evaluate the cause(s)

of death. This included the review of all CRFs from patients

who died in the febrile neutropenia trials and analyses based

on available clinical trial data. From these sources, we attempt-

ed to identify the most likely cause(s) of death for each pa-

tient and potential contributing factors (comorbidities, ad-

verse events, and documented pathogens). Adverse events of

special interest were identified and reviewed, including those

associated with death, such as neurologic impairment or sei-

zure, renal toxic effects, liver toxic effects, study drug failure,

and central nervous system hemorrhage.

RESULTS

Trial-level analysis. Eighty-eight randomized, comparative

trials, comprising 9467 cefepime-treated patients and 8288

comparator patients, were included in the trial-level analysis.

Table 1 gives the number of trials and patients in each of the

treatment groups by clinical condition treated. The febrile neu-

tropenia and pneumonia trials comprised 30.7% and 22.80%

of the total trial-level study population, respectively. Overall,

588 (6.21%) of 9467 cefepime-treated patients died within 30

days, compared with 497 (6.00%) of 8288 comparator patients.

Meta-analysis based on these 88 trials showed no significant

difference in mortality between cefepime-treated and compara-

tor patients with an ARD per 1000 population of 5.38 (95%
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Figure 3. Trial-level meta-analysis (fixed-effects model) of randomized controlled trials of cefepime versus comparator in the overall population and
in subgroups by the clinical condition treated. ARD, adjusted risk difference; CI, confidence interval.

CI, �1.53 to 12.28). A sensitivity analysis using a random-

effects model was consistent with the primary analysis.

Figure 3 shows the ARDs per 1000 population and corre-

sponding 95% CIs for the overall population and by the clinical

conditions treated. The point estimates for mortality for the

clinical conditions of febrile neutropenia, pneumonia, and skin

and skin structure infections favored comparators. These were

post hoc subgroup analyses, and the numbers of deaths and pa-

tients in some clinical conditions (eg, skin structure infections)

were relatively small (6/335 for cefepime vs 0/165 for compara-

tors). The point estimates for mortality for intra-abdominal in-

fections and urinary tract infections favored cefepime.

For the subgroup analysis by comparator antibacterials, 5

groups were prespecified as follows: ceftazidime, piperacillin-

tazobactam, imipenem-meropenem, ceftriaxone-cefotaxime, and

“other” (eg, mezlocillin, mezlocillin-gentamicin, cefuroxime, sul-

bactam-cefoperazone, clindamycin-gentamicin, and amikacin).

Results of this analysis are shown in Figure 4.

Patient-level analysis. We were able to obtain patient-level

data from 39 trials. Patient-level data from 4 of these trials were

not used in the final patient-level meta-analysis per our statis-

tical analysis plan because these trials included fewer than 10

patients in at least 1 of the treatment arms (Figure 2). Therefore,

35 randomized, comparative trials were available for the pa-

tient-level analysis, with a total of 5058 cefepime-treated pa-

tients and 3976 comparator patients.

Table 2 gives the number of trials and patients by treatment

group and clinical condition treated. Patients with febrile neu-

tropenia, intra-abdominal infection, and pneumonia were the

largest groups, comprising 15.52%, 11.14%, and 10.13% of

the study population, respectively. Cefepime- and comparator-

treated patients were similar with respect to demographic char-

acteristics (eg, age, sex, and race) and baseline study charac-

teristics (eg, pathogen recovered at baseline, pathogen suscep-

tibility, and malignant neoplasm type) (Tables 3 and 4).

Overall, 285 (5.63%) of 5058 cefepime-treated patients died

within 30 days, compared with 226 (5.68%) of 3976 comparator

patients. Meta-analysis of these 35 trials did not show a sta-

tistically significant increase in mortality in cefepime-treated

patients (ARD per 1000 population, 4.83; 95% CI, �4.72 to

14.38). Subgroup analyses by demographic characteristics did

not demonstrate significant mortality differences between cef-

epime- and comparator-treated patients.

Additional post hoc subgroup analyses were performed.

Thirty-day, all-cause mortality in US trials with patient-level

data was 4.36% (144/3299) for cefepime-treated patients and

4.70% (121/2593) for comparator patients (ARD per 1000 pop-

ulation, 1.59; 95% CI, �9.21 to 12.38). Thirty-day, all-cause

mortality in non-US trials with patient-level data was 8.01%

(141/1759) for cefepime-treated patients and 7.59% (105/1383)

for comparator patients (ARD per 1000 population, 11.49; 95%

CI, �6.77 to 29.75). Figure 5 displays an additional subgroup

analysis for US and non-US trials according to whether the

clinical condition treated was FDA approved or not.

Febrile neutropenia trials. The ARD per 1000 population

in the subset of 24 febrile neutropenia trials included in our



Mortality Associated with Cefepime Use • CID 2010:51 (15 August) • 385

Figure 4. Trial-level meta-analysis (fixed-effects model) of randomized controlled trials of cefepime versus comparator, with mortality rate as a
common endpoint. Figure shows the results by comparator drug. ARD, adjusted risk difference; CI, confidence interval.

Table 2. Trials by Clinical Condition Treated in the Patient-
Level Data

Clinical condition

No.
of

trials

No. (%) of patients

Cefepime Comparator

Febrile neutropenia 7 776 (15.34) 626 (15.74)
Intra-abdominal infection 5 585 (11.57) 421 (10.59)
Pneumonia 4 609 (12.04) 306 (7.70)
Urinary tract infection 4 426 (8.42) 242 (6.09)
Skin structure infectiona 2 335 (6.62) 165 (4.15)
Other 13 2327 (46.01) 2216 (55.73)

Total 35 5058 (100) 3976 (100)

a Not differentiated by uncomplicated versus complicated skin and skin
structure infections.

trial-level meta-analysis was 9.67 (95% CI, �2.87 to 22.21).

Because the Yahav et al [3] 2007 trial-level meta-analysis had

reported relative risk rather than ARD per 1000 population,

we estimated the ARD per 1000 population for the subset of

febrile neutropenia trials (19 publications) in their meta-anal-

ysis to be 18.99 (95% CI, 4.96–33.02). Thirty-day, all-cause

mortality rates for the 7 febrile neutropenia trials with patient-

level data were 7.86% (61/776) for cefepime-treated patients

and 6.55% (41/626) for comparator-treated patients (ARD per

1000 population, 18.10; 95% CI, �9.22 to 45.42). Exploratory

subgroup analyses by baseline malignant neoplasm type showed

that patients with solid tumors had greater mortality in the

cefepime group, compared with comparators (ARD per 1000

population, 69.74; 95% CI, 8.13–131.35); however, the 95% CI

is wide because of the low event rate and small number of

patients (mortality rate, 10.45% [14/134] for cefepime and

3.70% [5/135] for comparators). No significant mortality dif-

ferences were observed between cefepime and comparators for

other malignant neoplasm types or baseline risk factors in the

febrile neutropenia trials.

DISCUSSION

Our analysis did not demonstrate statistically significantly

higher 30-day, all-cause mortality rates in cefepime-treated pa-

tients, compared with those treated with other antibacterial

drugs in randomized controlled trials. This finding was con-

sistent in both trial-level and patient-level analyses. Although

not statistically significant, the point estimates in the overall

population and in several subgroups, notably the subset of

febrile neutropenia trials, did not favor cefepime. The results

of the subgroup analyses should be interpreted with caution

given the caveats of post hoc subgroup analyses, the small num-

bers of patients, and the few deaths in these subgroups. On the

basis of our analysis of patient-level data and CRFs, we did not

identify a biologically plausible explanation for increased risk

of mortality in cefepime-treated patients.

Our overall findings were not consistent with the trial-level

meta-analyses published by Paul et al [2] in 2006 and Yahav

et al [3] in 2007. The 41 publications in the Yahav et al [3]

2007 meta-analysis were based on 38 trials; our trial-level meta-

analysis included these 38 trials plus 50 additional trials that
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Table 3. Baseline Demographic Characteristics in the Patient-Level Data

Characteristic
Cefepime
( )n p 5058

Comparator
( )n p 3976

Total
( )n p 9034

Age
0–17 years 474 (9.37) 448 (11.27) 922 (10.21)
18–54 years 2114 (41.80) 1547 (38.91) 3661 (40.52)
55–64 years 820 (16.21) 597 (15.02) 1417 (15.69)
�65 years 1650 (32.62) 1384 (34.81) 3034 (33.58)
Missing data 0 0 0
Mean � SD (range),

years
49.32 � 23.64

(0.09–100)
49.59 � 24.46

(0.13–101) 49.44 � 24.00
Sex

Female 2299 (45.45) 1772 (44.57) 4071 (45.06)
Male 2759 (54.55) 2204 (55.43) 4963 (54.94)
Missing data 0 (0) 0 (0) 0 (0)

Race
Asian 10 (0.20) 13 (0.33) 23 (0.25)
Black 727 (14.37) 563 (14.16) 1290 (14.28)
Hispanic 785 (15.52) 595 (14.96) 1380 (15.28)
White 3212 (63.50) 2637 (66.32) 5849 (64.74)
Other 45 (0.89) 24 (0.60) 69 (0.76)
Unknown 279 (5.52) 144 (3.62) 423 (4.68)

Region
United States 3299 (65.22) 2593 (65.22) 5892 (65.22)
Outside the United States 1759 (34.78) 1383 (34.78) 3142 (34.78)

NOTE. Data are no. (%) of patients, unless otherwise indicated. SD, standard deviation.

were not included in their analysis. These 50 trials included

5517 cefepime-treated patients and 4484 comparator-treated

patients. We successfully obtained additional mortality data for

11 of 16 publications for which mortality data were not avail-

able in the 2007 Yahav et al [3] meta-analysis. Subset analysis

of 38 trials included in our meta-analysis and the 2007 Yahav

et al [3] meta-analysis showed an increased risk of mortality

between cefepime-treated and comparator patients (ARD per

1000 population, 17.02; 95% CI, 5.54–28.50), whereas the sub-

set analysis of the 50 trials that were included in our meta-

analysis but not the Yahav et al [3] 2007 analysis did not show

a statistically significant difference in mortality (ARD per 1000

population, �2.8; 95% CI, �11.47 to 5.80).

We examined the distribution of patients by clinical con-

ditions treated to further understand the differences between

the subset of 38 trials included in the Yahav et al [3] 2007 meta-

analysis and the subset of 50 additional trials included only in

our analysis. In the 38-trial subset (included in both the 2007

Yahav et al [3] and our meta-analyses), there was a larger pro-

portion of patients with febrile neutropenia (53.4%), compared

with 14.5% in the 50-trial subset (included only in our meta-

analysis). The subset with 50 additional trials included 7 trials

(628 cefepime-treated patients and 470 comparator patients)

in which cefepime was evaluated for the treatment of intra-

abdominal infections. The Yahav et al [3] 2007 meta-analysis

did not include any intra-abdominal infection trials, probably

because these trials did not meet their predefined inclusion

criteria of either a b-lactam comparator alone or combination

therapy that included the addition of the same antibacterial to

both treatment groups [3]. We included these trials in our

analyses because we were evaluating the overall risk and benefit

of cefepime use across all clinical conditions. The additional

50-trial subset included 15 trials in patients with “other” in-

fections, such as bacterial meningitis, bacterial endocarditis, and

bloodstream infections (2162 cefepime-treated patients and

2122 comparator patients), accounting for 40% of the popu-

lation in this data set. In contrast, in the Yahav et al [3] 2007

meta-analysis, the “other” infections category accounted for

15% of the total population (7 trials, 560 cefepime-treated pa-

tients, and 562 comparators).

Regarding the analysis of febrile neutropenia trials, the sta-

tistically significant result noted by Yahav et al [3] in their

analysis of 19 febrile neutropenia publications was not observed

in our meta-analysis of 24 febrile neutropenia trials. Of note,

only 2 of the 19 febrile neutropenia publications included in

the Yahav et al [3] 2007 trial-level meta-analysis had statistically

significantly increased mortality with cefepime use [22, 23].

Other authors have explored the risk of mortality in cefepime

clinical trials [23–27]. In September 2009, Gomez et al [24]

noted that interim mortality data from a febrile neutropenia
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Table 4. Baseline Study Characteristics in the Patient-Level Data

Characteristic
Cefepime
( )n p 5058

Comparator
( )n p 3976

Total
( )n p 9034

Any pathogen recovered at baseline
No 1864 (36.85) 1470 (36.97) 3334 (36.91)
Yes 3194 (63.15) 2506 (63.03) 5700 (63.09)
Unknown 0 (0) 0 (0) 0 (0)

Pathogens isolated at baseline treatment (susceptible)
No 246 (4.86) 180 (4.53) 426 (4.72)
Yes 2216 (43.81) 1587 (39.91) 3803 (42.09)
Unknown 2596 (51.32) 2209 (55.56) 4805 (53.19)

Fungal pathogen recovered at baseline
No 4303 (85.07) 3313 (83.32) 7616 (84.30)
Yes 133 (2.63) 127 (3.19) 260 (2.88)
Unknown 622 (12.30) 536 (13.48) 1158 (12.82)

Baseline infection monomicrobial or polymicrobial
Monomicrobial 2217 (43.83) 1665 (41.88) 3882 (42.97)
Polymicrobial 591 (11.68) 446 (11.22) 1037 (11.48)
Unknown or missing 2250 (44.48) 1865 (46.91) 4115 (45.55)

Patient had central catheter at baseline
No 4374 (86.48) 3421 (86.04) 7795 (86.29)
Yes 432 (8.54) 319 (8.02) 751 (8.31)
Unknown or missing 252 (4.98) 236 (5.94) 488 (5.40)

Renal insufficiency or failure
No 2889 (57.12) 2173 (54.65) 5062 (56.03)
Yes 1317 (26.04) 1134 (28.52) 2451 (27.13)
Unknown 852 (16.84) 669 (16.83) 1521 (16.84)

Hepatic insufficiency or failure
No 4311 (85.23) 3380 (85.01) 7691 (85.13)
Yes 6 (0.12) 7 (0.18) 13 (0.14)
Unknown 741 (14.65) 589 (14.81) 1330 (14.72)

History of diabetes mellitus
No 3537 (69.93) 2696 (67.81) 6233 (68.99)
Yes 585 (11.57) 482 (12.12) 1067 (11.81)
Unknown 936 (18.51) 798 (20.07) 1734 (19.19)

Active cancer or malignant neoplasm (febrile neutropenic patients
only)
Solid tumor 134 (2.65) 135 (3.40) 269 (2.98)
Hematologic malignant neoplasm 544 (10.76) 391 (9.83) 935 (10.35)
Unknown or NA 4380 (86.60) 3450 (86.77) 7830 (86.67)

Bone marrow transplantation (febrile neutropenic patients only)
No 400 (7.91) 311 (7.82) 711 (7.87)
Yes 179 (3.54) 128 (3.22) 307 (3.40)
Unknown or NA 4479 (88.55) 3537 (88.96) 8016 (88.73)

History of COPD
No 4461 (88.20) 3548 (89.24) 8009 (88.65)
Yes 192 (3.80) 159 (4.00) 351 (3.89)
Unknown 405 (8.01) 269 (6.77) 674 (7.46)

NOTE. Date are no. (%) of patients. COPD, chronic obstructive pulmonary disease; NA, not applicable.

trial that they presented at a conference in 2001 were included

in the Yahav et al [3] 2007 meta-analysis. In this trial, patients

were randomized to receive either 2 g of cefepime every 12 h

or 4 g of piperacillin-tazobactam every 8 h (both arms also

received amikacin) [23]. Although, in the interim analysis, a

statistically significantly higher mortality rate was seen in cef-

epime-treated patients, in their final analysis, no difference in

28-day, all-cause mortality was noted (7.8% [15/190] in the
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Figure 5. Subgroup analysis for US and non-US patients based on whether the clinical condition treated was approved by the Food and Drug
Administration (FDA). ARD, adjusted risk difference; CI, confidence interval.

cefepime arm and 8.9% [17/190] in the piperacillin-tazobactam

arm) [24]. Towne et al [25] reanalyzed mortality information

from the 19 febrile neutropenia publications included in the

2007 Yahav et al [3] meta-analysis and were able to obtain in-

formation on the causes of death from 13 of these publications.

They found no marked differences for infectious causes of death

between cefepime-treated and comparator patients. They deter-

mined that none of the deaths were attributable to the anti-

bacterial therapy administered and that more cefepime-treated

patients died due to progression of underlying disease. In a ret-

rospective cohort study of pediatric patients with acute myelo-

genous leukemia, Fisher et al [26] evaluated exposure to cefe-

pime, ceftazidime, antipseudomonal penicillins, or carbapenems

within the first year from acute myelogenous leukemia diagnosis.

They found that cefepime exposure did not result in greater risk

for in-hospital mortality when compared with other commonly

used b-lactam antibacterials.

The strengths of our analysis included the following. First,

because we were able to access data and results from unpub-

lished trials submitted to the FDA for review and published

studies, our meta-analysis included a larger number of clinical

trials than did other published meta-analyses. Second, we ob-

tained patient-level clinical trial data for a number of trials and

were able to perform analyses based on these patient-level data

in addition to those based on trial-level data. Third, the overall

findings were consistent across both trial-level and patient-level

analyses. For febrile neutropenia trials with patient-level data,

we reviewed the CRFs of patients who died in an attempt to

identify a biologically plausible explanation for the reported

mortality difference. No biologically plausible explanation for

a mortality imbalance was identified.

The limitations of our analysis included the following. First,

most of the trials were open label. Second, the meta-analysis

was not designed and did not have the power to assess mortality

differences in several subgroups of interest, and as a result, the

numbers of patients in subgroups with significant findings were

small, making it difficult to interpret the results. Therefore,

additional research will be necessary to explore potential dif-

ferences in mortality for some of these subgroups. Third, be-

cause the “other” clinical conditions subset in the trial-level

analysis included patients treated for a variety of infections, this

population subgroup may have been more heterogeneous than

others enrolled for treatment of specific conditions.

We did not find that the use of cefepime was significantly

associated with increased mortality, compared with other an-

tibacterial agents, for all trials included in our meta-analysis.

Although the point estimate for the risk difference in the subset

of trials including patients with febrile neutropenia did not

favor cefepime, it was not statistically significant. Neither re-

views of the CRFs nor analyses based on patient-level data

identified a biologically plausible reason for an increased risk

of mortality with cefepime use. Only adequately powered and

well-controlled prospective trials may definitively answer the

question of whether the use of cefepime, compared with other

antibacterial agents, is associated with increased mortality.
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