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ABSTRACT

This study examined the penetrability of bia-
penem into the peritoneal fluid (PF) of lapa-
rotomy patients and assessed the peritoneal
pharmacodynamics against common gram-
negative bacteria that cause intra-abdominal
infections. Biapenem (300 mg) was adminis-
tered by 0.5-h infusion to 10 patients before
the laparotomy. The drug concentrations

in both plasma and PF were determined,
analyzed pharmacokinetically, and used for
a stochastic simulation with the minimum
inhibitory concentration (MIC) distribution
data against clinical isolates. Intravenous
biapenem penetrated well into PF, with an
area under the drug concentration—time
curve PF/plasma ratio of 0.77 = 0.11 (mean
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+ SD, n = 10). The probabilities of attaining
the pharmacodynamic target (30% of the
time above MIC) in PF were > 90% against
Escherichia coli, Klebsiella species, Entero-
bacter cloacae, and Proteus mirabilis with
300 mg every 8 h (0.5-h infusion). However,
600 mg every 12 h (4-h infusion) or 600 mg
every 8 h (0.5-h infusion) was required to
achieve a target-attainment probability of

> 90% against Pseudomonas aeruginosa.
These results should provide better under-
standing of the peritoneal pharmacokinetics
of biapenem, while also helping to choose
the appropriate dosage for intra-abdominal
infections on the basis of the pharmacody-
namic assessment.

INTRODUCTION

Biapenem is a broad-spectrum carbapenem
used for the treatment of intra-abdominal
infections and for antibacterial prophylaxis
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in abdominal surgery.1 Since biapenem acts
at the infection site, the drug’s penetration
into an intra-abdominal site such as perito-
neal fluid (PF) is a key determinant of its
efficacy. However, most pharmacokinetic
studies on biapenem have focused on plasma
concentrations.2 The treatment of patients
with an intra-abdominal infection would
benefit from a more thorough understanding
of the rate and extent of penetration into the
abdominal cavity.

Earlier studies have revealed that the
antibacterial effects of biapenem correlate
with the time period during which the drug
concentration is above the minimum inhibi-
tory concentration (MIC) for the bacterium
(T > MIC),? particularly at the infection
site. Moreover, a stochastic simulation,
often called a Monte Carlo simulation,*has
allowed variability to be incorporated into
individual pharmacokinetics and antibacte-
rial activities against a bacterial population.
Therefore, it is important to predict the prob-
abilities that biapenem regimens attain the
pharmacodynamic target (30% T > MIC)3
in PF against bacterial populations using a
stochastic simulation, in order to rationalize
and optimize the regimen for intra-abdomi-
nal infections.

The objectives of this study were thus to
examine the penetrability of biapenem into
PF and to assess the peritoneal pharmacody-
namics against gram-negative bacteria, the
most common pathogens in intra-abdominal
infections.’

METHODS
Study protocol

The study was approved by the Ethics
Committee at Hiroshima University Hospi-
tal. Ten abdominal-surgery patients for the
treatment of inflammatory bowel disease
were included in from March 2005 to April
2005. Biapenem (300 mg) was administered
by 0.5-h infusion before the surgery. Venous
blood and PF samples were obtained at the
end of the infusionand 1, 2, 3,4, 5,and 6 h
thereafter. The exudate fluid in the abdomi-
nal cavity was manually collected with a
syringe during surgery and was obtained
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post-operatively through an intra-abdominal
drain. The plasma and supernatant PF sam-
ples were removed after centrifugation, and
were then stabilized with an equal volume of
1 mol/L 3-morpholino-propanesulfonic acid
buffer (pH 7.0) and stored at —40°C until
assay.

Biapenem Assay

The concentrations of biapenem in plasma
and PF were determined by high-perfor-
mance liquid chromatography as reported
previously.® In brief, a plasma or PF sample
was transferred to an ultrafiltration device.
The device was centrifuged, and the filtered
solution was injected onto a chromatograph
with a C'® column and an ultraviolet absor-
bance detector. A mixture of sodium acetate
buffer and acetonitrile was used as a mobile
phase. The lower limit of quantification was
0.04 ng/mL, and the coefficients of variation
were within 8% in both plasma and PF.

Pharmacokinetic Analysis

The penetrability of biapenem into PF
was estimated using a non-compartmental
pharmacokinetic analysis. Cmax was the ob-
served maximum concentration of biapenem
and Tmax was the time to Cmax. The area
under the concentration—time curve from 0
to infinity (AUCO0-0) was calculated based
on the trapezoidal rule using the MULTI
program.’
Pharmacodynamic Analysis
The peritoneal pharmacodynamics against
gram-negative bacteria was assessed using
a population pharmacokinetic modeling and
stochastic simulation approach® as follows:
(1) The drug concentrations in plasma
(C1) and PF (C3) were simultaneously fit to
a standard three-compartment model (Figure
1) using the NONMEM program VI (ICON
Development Solutions, Ellicott, MD). The
fixed-effects parameters were clearance
(CL), volume of distribution of the central
compartment (V1), central-peripheral clear-
ance (Q2), volume of distribution of the
peripheral compartment (V2), central-peri-
toneal clearance (Q3) and volume of distri-
bution of the peritoneal compartment (V3).
The inter-individual variability was modeled
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Table 1. Study patient information and non-compartmental pharmacokinetic parameters in plasma and

eritoneal fluid (PF) of 300 mg biapenem after a 0.5-h infusion.

Patient number 6.8Plasma | PFC PF/plasma | Plasma PFT Plasma PF PF/plasma

(age and weight) Cou (ng/mL) C,, ratio T,.. (h) AUC0—0 AUC0—0 AUC0—0
(pg/mL) (h) (ngeh/mL) | (ngeh/mL) | ratio

1 (47 yrs, 54.5 kg) 272 11.9 0.44 0.5 0.5 48.6 31.1 0.64

2 (23 yrs, 51.9 kg) 323 16.4 0.51 0.5 0.5 44.0 373 0.85

3 (72 yrs, 53.0 kg) 28.4 10.2 0.36 0.5 0.5 373 253 0.68

4 (48 yrs, 58.3) 35.0 12.3 0.35 0.5 0.5 45.5 33.6 0.74

5 (52 yrs, 43.0) 18.2 7.5 0.41 0.5 0.5 29.4 223 0.76

6 (48 yrs, 42.5 kg) 21.6 15.8 0.41 0.5 0.5 55.6 42.5 0.76

7 (36 yrs, 51.0 kg) 26.2 10.9 0.56 0.5 0.5 335 29.8 0.89

8 (31 yrs, 45.8 kg) 349 11.9 0.45 0.5 0.5 343 311 0.91

9 (40 yrs, 44.0 kg) 344 11.0 0.32 0.5 0.5 46.0 27.9 0.61

10 (31 yrs, 41.0 kg) 29.9 16.0 0.43 0.5 1.5 440.5 37.0 0.91

Mean 29.9 12.4 0.42 0.5 0.6 41.5 31.8 0.77

SD 6.8 2.9 0.06 0.3 8.0 6.0 0.11

C .. observed maximum concentration; T, : time to Cmax; AUCO—o0: area under the concentration—time
curve from 0 to infinity calculated based on the trapezoidal rule.-

exponentially: 61 = 0*exp(n), where 0i is the
fixed effects parameter for the ith subject,

0 is the mean value of the fixed effects pa-
rameter in the population, and 1 is a random
inter-individual variable.

(i1) Five major types of Gram-negative
bacteria in intra-abdominal infections were
selected5,9, and the MIC distribution data
against their clinical isolates were derived
from recent susceptibility surveillance
reports10,11 as follows: Escherichia coli (n
=271; MIC for 50% of the clinical isolates
(MIC50) = 0.063 pg/mL; MIC for 90% of
the clinical isolates (MIC90) = 0.063 pg/
mL), Klebsiella species (n = 251; MIC50 =
0.25 pg/mL; MIC90 = 0.5 pg/mL), Pseudo-
monas aeruginosa (n = 628; MIC50 = 0.5
pg/mL; MIC90 = 16 pg/mL), Enterobacter
cloacae (n = 173; MIC50 = 0.125 pg/mL;
MIC90 = 0.5 pg/mL) and Proteus mirabilis
(n=182; MIC50 =2 pg/mL; MIC90 = 2 ng/
mL).

(ii1) Using the developed pharmacoki-
netic model and the MIC distribution data,
the stochastic simulation was conducted
for each combination of biapenem regimen
(0.5-h or 4-h infusion) and bacterium. The
following process was repeated from the 1st
to 10000th subject using the Crystal Ball
software 2000 (Decisioneering, Denver,
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CO): A set of fixed-effects parameters (CL,
V1,Q2, V2, Q3 and V3) was randomly
generated according to each mean estimate
(0) and inter-individual variance (1) of the
population pharmacokinetic model. The
drug concentration in PF versus time curve
was created using the set of fixed-effects
parameters. Subsequently, a different value
of MIC (0.032, 0.063, 0.125, 0.25,0.5, 1, 2,
4,8, 16,32, 64 or 128 ng/mL) was gener-
ated by random sampling from the bacterial
population with the custom distribution. The
time point at which the drug concentration
coincided with the MIC was determined,
and the T > MIC was calculated as the cu-
mulative percentage for the dosing interval.
The probability of attaining the pharmaco-
dynamic target (%) was determined as the
fraction that achieved at least 30% T > MIC
of 10000 estimates.

RESULTS

Table 1 summarizes the study patient
information and the non-compartmental
pharmacokinetic parameters of biapenem.
Cmax was 29.9 + 6.8 pg/mL (n=10) at 0.5
hin plasma and 12.4 + 2.9 pg/mL at 0.6 +
0.3 hin PF (i.e., mean Tmax delay of 0.1 h
behind plasma), and the Cmax ratio of PF

to plasma was 0.42 + 0.06. AUCO—o0 was
41.5 + 8.0 ugeh/mL in plasma and 31.8 + 6.0
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Table 2. Population pharmacokinetic parameter estimates of biapenem.

Fixed-effects parameter, 0 Inter-individual variability, n
CL 8.12 (L/h) 0.0201
A%t 6.61 (L) 0.246
Q2 1.81 (L/h) 0
V2 3.33(L) 0
Q3 8.73 (L/h) 0.288
V3 4.96 (L) 0

pgeh/mL in PF, and the AUC0O—o ratio of PF
to plasma was 0.77 = 0.11.

Table 2 lists the population parameter
estimates for the pharmacokinetic model
(Figure 1). Q2, V2 and V3 were finally
evaluated as fixed values without any inter-
individual variability because their 1 were
<0.0001. Using these population pharmaco-
kinetic parameters and the MIC distribution
data, the stochastic simulation (Table 3)
showed that a biapenem regimen of 300 mg
every 12 h (0.5-h infusion) achieved a value
0of >90% (a clinically acceptable criterion for
the target-attainment probability)® against E.
coli, Klebsiella spp. and E. cloacae, and a
regimen of 300 mg every 8 h (0.5-h infu-
sion) achieved 93.9% against P. mirabilis.
However, against P. aeruginosa, the values
were lower and only regimens of 600 mg ev-
ery 12 h (4-h infusion) and 600 mg every 8 h
(0.5-h infusion) achieved a target-attainment
probability of >90%.

DISCUSSION

This study examined the peritoneal pharma-
cokinetics of biapenem in laparotomy pa-
tients and found that intravenous biapenem
penetrated into the PF rapidly (mean delay
in Tmax, 0.1 h) and extensively (mean PF/
plasma ratio in AUCO—o0, 0.77). This study
also demonstrated that 300 mg every 8 h

(0.5-h infusion) achieved a target-attainment
probability of >90% in PF against major
Gram-negative bacteria in intra-abdominal
infections except P. aeruginosa.

As we reported previously, the PF/
plasma ratios in AUCO—o0 (commonly
used as the index of peritoneal penetration)
were 0.74-0.90 (n = 6) for imipenem'? and
0.70-1.07 (n = 10) for doripenem.'* The
current study indicates that biapenem (the
AUCO0-w PF/plasma ratio of 0.61-0.91,
Table 1) has the same peritoneal penetrabil-
ity as imipenem and doripenem. This was
expected because these three carbapenems
have similar physical and chemical proper-
ties (low molecular weight and low protein
binding)."

Although earlier stochastic simulations
to assess the peritoneal pharmacodynamics
of B-lactams!'>!¢ were based only on drug
concentrations in plasma, it is necessary to
use drug concentrations in PF, but not in
plasma, for more accurate assessment. The
current simulations based on biapenem con-
centrations in PF showed that 300 mg every
8 h (0.5-h infusion) achieved a target-attain-
ment probability of >90% against E. coli,
Klebsiella spp., E. cloacae and P. mirabilis.
Considering that these four bacteria account
for >80%9 of the causative Gram-negative

Table 3. Probabilities of attaining the pharmacodynamic target (30% T > MIC) in peritoneal fluid (PF)
against Gram-negative clinical isolates (Escherichia coli, Klebsiella species, Pseudomonas aeruginosa,
Enterobacter cloacae and Proteus mirabilis) using different biapenem regimens (0.5-h and 4-h infusions).

Target-attainment probability (%) in PF
Biapenem regimen
E. coli Klebsiella spp. P, aeruginosa E. cloacae P. mirabilis
300 mg every 12 h (0.5-h infusion) 100 99.3 76.6 99.4 62.1
300 mg every 8 h (0.5-h infusion) 100 99.6 83.7 99.4 93.9
600 mg every 12 h (0.5-h infusion) 100 99.6 83.4 99.4 92.7
600 mg every 12 h (4-h infusion) 100 99.6 92.0 99.7 99.1
600 mg every 8 h (0.5-h infusion) 100 99.6 922 99.8 99.1
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Figure 1. Three-compartment pharmaco-
kinetic model for biapenem. C1 and C3:
the drug concentrations in the central

and peritoneal compartments (ug/mL);

V1, V2 and V3: volumes of distribution

of the central, peripheral and peritoneal
compartments (L); CL: clearance from the
central compartment (L/h); Q2 and Q3:
inter-compartmental clearances (L/h); Rin:
drug infusion rate (mg/h).

pathogens in intra-abdominal infections, 300
mg every 8 h (0.5-h infusion) would be, in
principal, sufficient for empirical treatment
of intra-abdominal infections. However,
when the symptoms in a patient generate a
strong suspicion of infection with resistance-
developing bacteria such as P. aeruginosa
(MIC90 = 16 pg/mL), a higher dosage
should be recommended. In this case, 600
mg every 12 h (4-h infusion) (92.0% target-
attainment probability with 1200 mg per day
regimen, Table 3) can compete with 600 mg
every 8 h (0.5-h infusion; 92.2% with 1800
mg per day regimen). From a pharmacoeco-
nomic viewpoint, 600 mg every 12 h (4-h
infusion) would be preferable to 600 mg
every 8 h (0.5-h infusion), unless the prolon-
gation of infusion time is unacceptable due
to increasing the patient’s burdens and the
medical workload.

Lastly, the pharmacokinetic data of this
study was obtained in abdominal-surgery
patients with inflammatory bowel disease.
The invasiveness of surgery might have
affected the pharmacokinetics. In addition,
the drug concentrations in the PF might be
underestimated because inflammatory bowel
disease has a greater amount of peritoneal
exudate fluid than other diseases. The perito-
neal pharmacoinetics of biapenem should be
confirmed in another patient population.

In conclusion, intravenous biapenem
penetrated rapidly and extensively into the
PF of laparotomy patients. A biapenem regi-
men of 300 mg every 8 h (0.5-h infusion)
achieved a target-attainment probability of
>90% against the major bacteria that cause
intra-abdominal infections, such as E. coli,
Klebsiella spp, E. cloacae and P. mirabilis.
However, against resistance-developing bac-
teria such as P. aeruginosa, 600 mg every 12
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h (4-h infusion) or 600 mg every 8 h (0.5-h
infusion) was required to achieve a target-at-
tainment probability of >90%. These results
should provide better understanding of the
peritoneal pharmacokinetics of biapenem,
while also helping to choose the appropriate
dosage for intra-abdominal infections on the
basis of the pharmacodynamic assessment.
The clinical implications of these findings in
the future need to be confirmed in a larger
number of patients.
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