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In this double-blind, single-dose phase I study, the safety and tolerance of cefepime were assessed in 24
healthy male subjects, with ceftazidime as the control drug. Four subjects in each of the six dose groups (62.5,
125, 250, 500, 1,000, or 2,000 mg as a 30-min itravenous infusion) received each antibiotic, according to*a
crossover design, with a 2-day washout period between treatments. Blood and urine samples were obtained to
characterize the pharmacokinetics of cefepime. Plasma and urine samples were assayed for intact cefepime.
Samples containing ceftazidime were discarded. The adverse effects observed in the study were mild and
infrequent, with prompt recovery from adverse experiences and abnormal laboratory values. The cefepime
pharmacokinetic parameters for the therapeutically significant doses of 250 to 2,000 mg appeared to be
proportional to dose and similar to literature values for ceftazidime. The elimination half-life of about 2 h was
independent of the dose. Urinary recovery of intact cefepime was invariant with respect to dose; an overall
mean value of 82% of dose was obtained for the four highest levels. Mean renal clearance was 105 mI/min and
suggestive of glomerular filtration as the primary excretion mechanism. In normal humans, the safety and
pharmacokinetic profiles of cefepime are very similar to those of ceftazidime.

Cefepime (BMY-28142; Bristol-Myers Squibb Co.) is a
"fourth-generation" cephalosporin antibiotic with signifi-
cant potential advantages over other broad-spectrum ceph-
alosporins and some nontraditional beta-lactam antibiotics
(4, 9, 18). It differs from other aminothiazolyl methoxyimino
cephalosporins by having a quaternized N-methyl pyrroli-
dine moiety attached to the methylene group at C-3 (Fig. 1).
In addition to a very broad antimicrobial spectrum, cefepime
appears to have low affinity for major chromosomally medi-
ated ,3-lactamases and thus is less affected by the nonhydro-
lytic barrier mechanism of resistance in these bacteria (14).
These in vitro advantages have been borne out in a number
of in vivo infection models (9, 17).

Preclinical safety evaluation and pharmacokinetic studies
of cefepime were done primarily with rats and monkeys. The
findings of these studies suggest that when administered by
intravenous infusion, cefepime is as safe as other commer-
cially available cephalosporins. The pharmacokinetics in
rats and monkeys have been extensively characterized (2, 7).
The present phase I study was designed to evaluate the
safety, tolerance, and pharmacokinetics of cefepime in
healthy male volunteers.

MATERIALS AND METHODS
Study design. The purposes of this study were to evaluate

the safety and tolerance of cefepime after single intravenous
doses of 62.5, 125, 250, 500, 1,000, and 2,000 mg to normal
human volunteers. The pharmacokinetics of cefepime were
also assessed at each dose level. The study was conducted in
a randomized, double-blind manner, with ceftazidime (For-
taz; Glaxo Pharmaceuticals, Ltd.) as the control drug. Each
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of four subjects in each of the six dose groups received a
30-min infusion of each antibiotic, according to a crossover
design, with a 2-day washout period between treatments.
The safety evaluation included vital signs, electrocardio-
gram, phonocardiography, and routine laboratory tests.
Blood and urine samples were collected for pharmacokinetic
assessment.

Subjects. A total of 24 healthy male volunteers partici-
pated after having signed an informed consent form. The
subjects had a mean (± standard deviation [SD]) age of 28.5
(±5) years, a mean body weight of 84.6 (±8.6) kg, and a
mean height of 184 (±7.6) cm. Subject exclusion criteria
included the presence of drug allergies or intolerance and a
history of drug or alcohol abuse. Use of any medications
within 2 weeks and use of alcohol within 24 h of induction
into the study were not permitted. Use of any drug, including
alcohol and caffeine, during the study course was forbidden.
The subjects were instructed to refrain from smoking during
blood and urine sampling periods. Confinement to the test
facility began the day before the subject received his first
dose and continued until his release from the study. Each
subject fasted from 2200 h on the day preceding dosing until
a standardized lunch was served about 3 h after dosing. To
ensure adequate diuresis for urine sampling, subjects drank
200 ml of water or juice 1 h prior to the infusion and
approximately 1, 2, and 3 h after the start of dosing.
Drug formulation and administration. The test drug,

cefepime, was supplied in vials containing a lyophilized
mixture with sodium chloride, 575 mg of cefepime activity
per vial. Reconstitution of each vial with 1.9 ml of sterile
water for injection provided 2.3 ml of a 250-mg/ml solution of
dipolar ionic cefepime. The reconstituted solution was di-
luted with sufficient sterile water to prepare infusion solu-
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FIG. 1. Structure of cefepime, pyrrolidinium 1-((7-(((2-amino-
4-thiazolyl)(methoxyimino)-acetyl)amino)-2-carboxy-8-oxo-5-thia-
1-azabicyclo(4.2.0)oct-2-en-3-yl)methyl)-1-methyl-, hydroxide, in-
ner salt, (6r-(6- a,7 * z)))-.

tions of 1.25, 2.5, 5.0, 10.0, 20.0, and 40.0 mg of cefepime per

ml for doses of 62.5, 125, 250, 500, 1,000, and 2,000 mg,

respectively. Ceftazidime solutions were prepared in the
same manner, except that 500-mg vials were reconstituted
with 5.0 ml of sterile water, providing a reconstituted solu-
tion of 100 mg/ml. This solution was subsequently diluted to
form the same infusion solution concentrations as noted
above for cefepime.
Each cefepime and ceftazidime dose was administered as

a constant-rate infusion by using an Autosyringe Model
AS58 infusion pump calibrated to deliver 50 ml of infusion
solution in the 30-min infusion interval. Administration was

via a forearm vein contralateral to that used for blood
sampling.

Safety evaluation. Blood pressure readings were obtained
from each subject on admission to the study, prior to dosing,
and every 3 min during infusion. Additional readings were
obtained as follows: every 15 min from 0.75 to 1.5 h, every
30 min from 2 to 2.5 h, and every 4 h up to 24 h after initiation
of the infusion. Pulse rates were monitored by electrocar-
diogram until 2 h postinfusion. Subsequently, pulse rates
were determined manually and recorded at 4 and 6 h and
every 4 h until 24 h postinfusion. Temperature and respira-
tion were taken predose and at the end of each infusion.
Phonocardiography was performed to monitor for possible

alterations in pressure-flow relationships across the pulmo-
nary valve during infusion. Phonocardiograms were ob-
tained around the time of dosing at the following intervals:
preinfusion; during infusion at 5, 10, 15, 20, 25, and 30 min
(end of infusion); and at 1, 4, and 24 h.

Routine laboratory tests were performed on each subject
within 2 weeks prior to the first treatment session. Tests
were repeated within approximately 24 h prior to dosing and
again 24 h after dosing.

Collection and analysis of blood and urine samples. Blood
samples were drawn from each subject at the following times
after the beginning of the infusion: predose, 30 min (end of
infusion), and 2, 4, 6, and 8 h. Each heparinized blood
sample was centrifuged to prepare plasma, 2.5 ml of which
was transferred to a 10- to 15-ml screw-cap polypropylene
tube and frozen (-20°C) within 2 h of collection. The total
urine output of each subject was collected as discrete
samples for each of the following intervals: predose and 0 to
2, 2 to 4, 4 to 8, 8 to 12, and 12 to 16 h postdose. At the end
of each interval, the total urine sample was thoroughly
mixed and total volume and pH were recorded. A 3.0-ml
portion of urine was transferred to a 15-ml polypropylene

tube containing 6.0 ml of 0.2 M sodium acetate buffer, pH
4.25, and stored at -20°C.
Plasma and urine samples were analyzed for intact

cefepime by validated high-pressure liquid chromatography
assays (2). All samples containing ceftazidime were dis-
carded without analysis.

Pharmacokinetic analysis. Plasma cefepime concentration
(C)-versus-time (t) data for each subject were evaluated by
noncompartmental methods. The highest observed C, which
occurred at the end of infusion, was defined as Cmax.
Elimination half-life (t112) was calculated as (ln 2)/b, where b
was the absolute value of the slope of the least-squares
regression line for n terminal datum points. These datum
points (n 2 3) were selected to minimize the mean-square
error term from the regression. The predicted value of C at
the last sampling time, t', was C'. The area under the
C-versus-t curve (AUC) and the area under the first moment
of the C-t curve (AUMC) were estimated by the trapezoidal
and log-trapezoidal methods. The terms C'lb and (C'lb)(t' +
1lb) were added to AUC and AUMC values, respectively,
for extrapolation to infinite time. Mean residence time in the
body was estimated as AUMC0JAUC,,- T/2, where
AUMC.O, and AUC<. are AUMC and AUC from 0 h to
infinity, respectively, and the infusion time (1) was 0.50 h.
Total body clearance (CLT) was calculated as dose/AUC,,.

Estimation of t1,2 from the regression analysis of the
amount of cefepime remaining to be excreted at the end of
each urine collection interval was also accomplished as
described by Ritschel (16). Terminal points (n 2 3) used to
define the log-linear phase regression were chosen to mini-
mize the mean-square error term in a manner analogous to
that employed in the plasma data evaluation. Renal clear-
ance (CLR) was calculated as XJAUC,,, where Xu, is the
amount of intact cefepime excreted in urine. The percent of
dose recovered in urine (%oX") was calculated as X"/dose x
100.

Statistical analysis. Weighted regression analyses were
performed to evaluate Cmax (at the end of the infusion)
versus dose and AUC.O versus dose. Reciprocal variance
estimates at each dose level were used as weights. The 95%
confidence limits around the slope and intercept estimates
were used to test the significance of the regression. A
lack-of-fit component was added to the linear model to test
for departure from linearity.

%oX,, CLR, CLrT, and t1,2 were evaluated for each dose by
using a one-way analysis of variance model followed by the
Tukey multiple comparison procedure. A log transformation
of urinary excretion data was applied to the data to reduce
the skewness. Hypotheses were tested at the 5% significance
level.

RESULTS

Safety and tolerance. Thirteen of the twenty-four subjects
had no complaints during or following infusion of either
cephalosporin. The other 11 volunteers had minor com-
plaints which were randomly distributed between periods of
cefepime and ceftazidime therapy. One subject noted cold-
ness and/or numbness of the arm during infusion of each
drug. Another subject experienced urinary urgency with
each infusion, probably related to forced diuresis. Four
episodes of lightheadedness and two headaches occurred,
along with one episode of each of the following: coughing,
sore neck, substemal sensation of being hot, flatulence,
diaphoretic hand, and a heavy feeling in the arm.
No abnormalities were noted in vital signs, electrocardio-
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FIG. 2. Mean plasma concentration-versus-time profiles of
cefepime after administration of intravenous doses.

grams, or phonocardiograms. Two patients had slight (1.5 to
2 times normal) liver transaminase elevations within 48 h of
the second infusion, which returned to the normal range
within a few days. Because both cefepime and ceftazidime
had been administered, a specific drug could not be impli-
cated.

Pharmacokinetics. To ensure that blood sampling, an
invasive procedure, for pharmacokinetic assessment did not
compromise safety and tolerance assessment, the number of
blood samples collected was limited to that essential for
baseline pharmacokinetic evaluation. Mean cefepime plasma
concentration-versus-time profiles, which are representative
of individual data, for each dose level are shown in Fig. 2.
The combination of limited plasma sampling and relatively
low cefepime levels renders the accuracy of parameter
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FIG. 3. Linear regression evaluation of Cm.,. and cefepime dose
(r = 0.99; Cmax = -0.56 + 0.066 dose).

estimates for the two lowest dose groups equivocal. For
example, the short apparent tl2s are invariably artifacts
arising from an inadequate number of datum points in the
terminal elimination phase. These two dose groups were
incorporated into the study essentially for reasons of safety
and tolerance assessment. The lowest therapeutic dose is
projected to be 250 mg, and hence estimates of pharmaco-
kinetic parameters for doses of 62.5 and 125 mg are of
secondary interest.
The mean (±SD) pharmacokinetic parameters for

cefepime are shown in Table 1. The., mean Cmax values
ranged from 3.6 to 133 ,ug/ml for the 62.5- and 2,000-mg
doses, respectively. Statistical evaluation of Cm. confirmed
that it was proportional to dose (Fig. 3). The AUCo., also

TABLE 1. Pharmacokinetic parameters of cefepime after administration of intravenous dosesa

Dose Cm. (qg/mj)b MRT (h) t1/2 (h) AUCOGmCLT CLR(/)X.
(mg) (p.g . h/mi) (ml/min) (mi/min)
62.5 3.6 0.6 1.9 ±0.5 1.3 ± 0.4 7 ± 2 155 ± 38 117 ± 35 75.3 ± 14.0
125 9.3 ± 1.6 2.2 ±0.7 1.6 ± 0.3 14 ± 3 153 ± 37 138 ± 47 88.6 ± 10.3
250 16.3 2.4 2.3 0.3 1.9 ± 0.2 34 ± 3 122 ± 10 96 19 78.4 ± 11.3
500 31.6 2.9 2.0 0.1 1.8 ± 0.2 62 ± 6 136 ± 13 116 ± 11 85.6 ± 2.9

1,000 66.9 4.6 2.2 0.1 1.9 ± 0.2 137 9 122 ± 8 103 5 84.2 ± 2.2
2,000 133 ± 35.5 1.9 ± 0.4 1.8 ± 0.2 263 ± 33 128 ± 16 104 ± 12 81.3 ± 6.9

a Values are means ± SD. MRT, Mean residence time. Other abbreviations are defined in the text.
b Data at the end of a 30-min infusion.
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FIG. 4. Linear regression evaluation of AUC0., [AUC(INF)]

and cefepime dose (r = 0.99; AUCO0, = -1.49 + 0.14- dose).

increased in a dose-proportional manner (Fig. 4). The t112

values for the 250- to 2,000-mg-dose groups were around 2 h
and were independent of the dose. The CLT estimates
ranged from 122 to 136 ml/min within 250- to 2,000-mg-dose
groups, and no dose dependency was observed.

Cefepime was primarily excreted by the kidneys. Mean X,
data indicated similar recoveries (percentage of dose) of the
intact cephalosporin at all six dose levels (Table 1). Since
most of the dose was recovered unchanged in the urine, it
appears that cefepime is not significantly metabolized in the
body and that the primary clearance mechanism of this
cephalosporin is renal excretion. The mean (±SD) CLR of
105 (± 15) ml/min is nearly the same as that of creatinine
clearance in normal humans.
The amount of intact cefepime remaining to be excreted

(ARE) at the end of each collection interval was calculated
for each individual subject. Mean values derived from this
evaluation (Fig. 5) are clearly indicative of dose-independent
elimination. Individual subject data for the two lowest dose
groups were too limited for further evaluation. For individ-
uals who received 250- to 2,000-mg doses, the regression of
ln(ARE) on time was evaluated to estimate the t112. The t112
values based on urine excretion kinetics were generally
consistent with those based on the rate of decline in plasma
cefepime concentration (Table 1). Mean (SD) t1/2 values
from the urine evaluation were 2.4 (0.8), 2.0 (0.7), 2.0 (0.2),
and 2.1 (0.3) h for doses of 250, 500, 1,000, and 2,000 mg,
respectively.
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FIG. 5. Evaluation of urinary excretion data for estimation of
cefepime t1/2-

DISCUSSION
Pharmacokinetic studies with monkeys indicated that

cefepime exhibits linear pharmacokinetics and that glomer-
ular filtration is the major route of elimination of this
cephalosporin (7). The results of the present study indicate
that the concentrations of cefepime in plasma increased with
increasing dose in a dose-proportional manner and dose-
independent parameters such as mean residence time, CLT,
and CLR remained independent of dose. The t1/2 of cefepime
was approximately 2 h and did not appear to vary over the
250- to 2,000-mg-dose range. The t1/2 value of cefepime is
very similar to those for ceftazidime (3, 8, 15) and cefpirome
(1, 10).
Cefepime was eliminated from the body primarily via the

kidneys. Approximately 82% of the administered dose was
recovered as unchanged cefepime in urine. This is in marked
contrast to cefoperazone (5), cefotaxime (5), ceftriaxone
(13), and ceftizoxime (11), of which only 25, 55, 60, and 70%
of the administered dose is recovered intact in the urine,
respectively. The %oXu for cefepime is very similar to those
reported for ceftazidime (3, 8, 15) and cefpirome (1, 10).
Mean CLR estimates for cefepime are about 105 ml/min, a
value very similar to that of creatinine clearance in young
healthy humans. It seems likely that the CLR of cefepime,
like that of ceftazidime (3, 8, 15), occurs by glomerular
filtration, with negligible tubular secretion.

Cefepime offers one of the broadest in vitro spectra of
antimicrobial activity of the broad-spectrum cephalosporins
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(4, 9, 18). The pharmacodynamic activities of this class of
drugs seem to be determined by the duration of time over
which concentrations in plasma remain above the MICs for
susceptible organisms (6, 12). Cefepime levels have been
shown to remain above 1 ,ug/ml, an effective in vitro MIC for
50% of strains of many gram-positive and gram-negative
microorganisms, for at least 8 h after intravenous doses of
500 to 2,000 mg. Cefepime is very poorly bound (16%) to
serum proteins (2). These data indicate that the circulating
levels of cefepime are primarily in the microbiologically
active, free form. The urinary concentrations of cefepime
were several times higher than the MIC for 90% of strains of
most susceptible urinary tract pathogens for at least 8 to 12
h after single 250- to 2,000-mg intravenous doses. Therefore,
in spite of the fact that the cefepime t1/2 is about 2 h, the
presence of microbiologically active concentrations in
plasma and urine for up to 8 to 12 h after drug administration
suggests that a twice-daily (every-12-h) dosage schedule of
cefepime would be adequate to treat most infections caused
by susceptible bacteria.
The pharmacokinetic properties of cefepime, when com-

bined with the broad spectrum of activity and high potency
across this spectrum, make cefepime an important addition
to the existing armamentarium of anti-infective agents. It is
well tolerated after intravenous administration, and its phar-
macokinetics appear to be linear within the 250- to 2,000-
mg-dose range.
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