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AMENDED ABSTRACT

Background: The frequency of resistance to 3-lactams among nosocomial isolates has
been increasing due to ESBL-producing enteric bacilli. Although clinical outcome data are
highly desirable, assessment of clinical efficacy has been limited due to the lack of a statisti-
cally meaningful number of well-documented cases. T>MIC is the PK/PD parameter that best
correlates with in vivo activity of 3-lactams, therefore, a stochastic model was used to forecast
the PK/PD target hit rates of piperacillin-tazobactam (P-T) and cefepime (PIM) against E. coli
(EC) and K pneumoniae (KP) ESBL phenotypes (NCCL S criteria). Methods: Monte Carlo
simulation was used to estimate the probability of P-T or PIM obtaining 40% to 70%
(P70/40) T>MIC againgt EC and KP obtained from the SENTRY 2000 Program (N.
America). MIC data were used to estimate the probability digtribution function (PDF) of
EC and KP. PDFs for PK vectors were estimated using mean parameters from subjects
with CrCl between 60 and 91 mL/min. The model assumed a regimen of 3.3759Q4 or 6
hr for P-T and aregimen of 1 or 2 g BID for PIM. A 5000-patient simulation was done
for each drug-species combination. Results: ESBL phenotype rates were 3.4% among
1909 EC and 5.4% among 743 KP. The P70/40 T>MIC for PIM 2 g BID was 99.0/99.8%
and 96.4/99.8% against EC and KP, respectively. The P70/40 T>MIC for PIM 1 g BID
was 97.0/99.4% for EC and 92.0/96.6% for KP. For P-T 3.375 g Q4 hrs against EC and
KP, the P70/40 T>MIC was 89.6/94.8% and 63.1/74.5%. For P-T 3.375 g Q6 hrs the
P70/40 T>MIC was 76.8/91.4% and 46.7/63.1% againg EC and KP. Conclusions:
These data suggest that T>MIC target hit rates are greater for PIM than for P-T against
current ESBL stains when contemporary dosing regimens, which minimize failure risk,

MATERIALS AND METHODS

are used for this 1V R-lactam.

INTRODUCTION

Increasing antimicrobia resistance among
extended-spectrum [-lactamase (ESBL)-
producing Escherichia coli and Klebsela
pneumoniae is a growing concern.*? Infection
with ESBL-producing E coli or K pneumoniae
has been associated with asignificantly longer
duration of hospitd stay and greater hospital
charges. Prior cumulative drug exposure (in
terms of number of antimicrobial agents and
total duration of treatment) has been
demongtrated to be an independent predictor
of ESBL-producing E coli or K pneumoniae
infection.* Therefore, it is important,
especidly in the setting of empirica therapy,
to identify agents with a relative high
probability of in vivo efficacy against these
pathogens.

Nonclinical (i.e.,, in vitro and animal)
pharmacodynamic models of infection have
been used to edtablish the conditions under
which an anti-infective agent is effective.*s®
By manipulating drug pharmacokineticsinthese
models, mean human serum concentration-time
courses have been smulated for many agents.
For penicillins and cephaosporins, experiments
have shown that antibecterial effects best
corrdate with the duration of time that drug
concentrations exceed the minimum-inhibitory
concentration (MIC) of the micro-organism.”®

For enteric Gram-negative bacilli such as E coli
or K pneumoniae, R3-lactam antibacterial
effects are observed when free-drug serum
concentrations are above the MIC for as little
as 35% of the dosing intervd and are
maximized when concentrations are above the
MIC for 60% to 70% of the dosng interval .’

The assessment of clinical efficacy of agents
used commonly in the critical care unit has
been hampered dueto thelack of adtatistically
meaningful number of well-documented cases
with ESBL -producing E coli and K pneumoniae.
Monte Carlo smulation is a method that
may be used to esimate the probability of
obtaning optimal pharmacodynamic targets
by incorporating the varigbility in drug
exposure observed in a populaion of paients
and the range of contemporary MIC vaues
encountered clinically into a stochastic
model.2*** The purpose of this report is 2-fold:
Firgt, to compare the resistance rates and
patterns of ESBL-producing E coli and
K pneumoniae phenotypes obtained from the
2000 SENTRY Antimicrobial Surveillance
Program for piperacillin-tazobactam and
cefepime; and second, to estimate the
probability of achieving 40% to 70% T>MIC
for piperacillin-tazobactam and cefepime
againgt these specified isolates.

Microbiological data- The SENTRY Antimicrobia Surveillance
Program was egablished in 1997 to monitor the prominent pathogens
and antimicrobia resistance patterns of nosocomia and community-
acquired infections via a broad network of sentinel hospitals selected
according to geographic location and bed capacity. All E coli and K
pneumoniae isolates recovered during 2000 in the North American
region (United States and Canada) were analyzed for this study. These
isolates were saved on transport swabs and sent to the University of
lowa College of Medicine (lowa City, IA) for storage and further
identification/susceptibility testing. On receipt by the monitor, isolates
were subcultured on blood agar to ensure viability and purity. Species
identifications were confirmed with the Vitek System (bioM érieux
Vitek) or APl (bioMérieux Vitek) products and standard reference
methods. | solates were frozen at —70°C until they were processed.
Antimicrobial susceptibility testing of isolates was performed by
reference broth microdilution methods as described by the National
Committeefor Clinica Laboratory Standards (NCCLS).** Interpretive
criteriawere those published by the NCCL S, K pneumoniae and E coli
isolates expressing an ESBL phenotype, as defined by a ceftazidime or
ceftriaxone, or aztreonam MIC 3 2.0 mg/L, were further characterized
with ESBL Etest (AB Biodisk, Solna, Sweden) strips containing
antimicrobia gradients ranging from 0.016 to 256 mg/L, paired with
strips containing the same cephal osporin gradient in the presence of 2
mg/L of davulanic acid, or with commercial ESBL Etest strips that
contain a steble gradient of ceftazidime (1-32 mg/L) on one half and
ceftazidime plus cavulanic acid (2 mg/L) on the other half. An 8-fold
or grester reduction in MIC with clavulanate acid in comparison with
the MIC with the substrate oxyimino cephaosporin done was
considered evidence of a positive ESBL test.”

Pharmacokinetic data- Serum pharmacokinetic data following
intravenous (V) dosing of piperacillin-tazobactam and cefepime were
obtaned from the medica literaure®” In these studies, 3.375 g
piperacillin-tazobactam (3.0 and 0.375 g, respectively) and cefepime 1
g were administered over a 30-minute period in patients with estimated
credtinine clearances of 60 to 91 mL/min.

For piperacillin-tazobactam, the elimination T, was 1.1 + 0.23 hours
and the peak serum concentration was 228 + 25 mg/L. Plagnaclearance
was 159 + 19 mL/min. Rena clearance accounted for 48.4 + 5.8% of
drug removal. The average volume of distribution at Steady State was
130+ 1.4 L. For cefepime, the dimination T, was 3.33 + 0.74 hours
and the pesk serum concentration was 70.5 + 20.8 mg/L. Total body
clearance was 75.5 + 12.9 mL/min. Rena dearance accounted for 80.3
+ 10.6% of drug remova. The average volume of distribution at steady
state was 19.6 + 299 L.

Complete detail s of the pharmacokinetic modeling methods and results
are available from the aforementi oned sources. Thefraction of unbound
drug for piperacillin-tazobactam and cefepime assumed in these
analyses were 70% and 84% respectively.

Pharmacodynamic model+hamacodynamic analyses
were made using Monte Carlo smulation. A 5000-patient population
simulation was performed with Crystd Badl 2000.1 (Decisonerring,
Inc. Denver, Colorado) using the aforementioned pharmacokinetic data
in conjunction with the following pharmacokinetic mode:

Ln Dose/(V/fu)-Ln MIC
0.693/ Ty,

T>MIC (hours) = @

whereV g isthe volume of didribution a steady-state, Ty, isthe serum
eimination hdf-life, and fuisthefraction of unbound drug. The random
number generator routine (multiplicative congruential generator) used
the following iterative formula:
r < (630,360,016 - r) mod (2** —1) 2

The generator has a period length of 2,147,483,646, meaning that the
cycle of random numbers repests after approximately 2.15billion trids.
For piperacillin-tazobactam, adosage regimen of 3.375g 1V every 4 or
6 hours was modeled. For cefepime, a dosage regimen of 1 or 2g IV
every 12 hourswas model ed. The probability of obtaining T>MIC equal

to 40%, 50%, 60%, and 70% of the dosing interval was estimated for
each dosage regimen and microorganism.
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Table 1. In vitro activity of piperacillin-tazobactam tested against 105
ESBL phenotype (NCCLS criteria) strains of E coli and K pneumoniae
(SENTRY Antimicrobial Surveillance Program, 2000).

Organism Cumulative Percent Inhibited at MIC (mg/mL) of :
<05 1 2 4 8 16 32 64 Susceptibler

31 63 266 625 813 891 891 922 89.1
00 25 125 350 475 625 725 80.0 62.5

“Susceptibility criteriaof the NCCL S

E coli (65)

K pneumoniae (40)

Table 2. In vitro activity of cefepime tested against 105 ESBL
phenotype (NCCLS criteria) strains of E coli and K pneumoniae
(SENTRY Antimicrobia Surveillance Program, 2000).

Organism Cumulative Percent Inhibited a MIC (mg/mL) of :

<012 025 05 1 2 4 8 16 Susceptibler
492 631 785 846 89.2 938 985 100 98.5
75 125 375 625 825 925 925 95.0 92.5

“Susceptibility criteria of the NCCLS**

E cali (65)

K pneumoniae (40)

Table 3. Probability of attaining T>MIC targets following standard dosage
regimens of piperacillin-tazobactam and cefepime against E coli and
K pneumoniae ESBL -producing phenotypes

Organism Drug/Regimen 40% 50% 60% 70%
E coli Piperacillin-tazobactam 3.375 g 948  92.7 914  89.6
every 4 hours
Piperacillin-tazobactam 3.375 g 914 885 837 76.8
every 6 hours
Cefepime 2 g every 12 hours 998 9938 99.6 99.0
Cefepime 1 g every 12 hours 994 988 980 970
K pneumoniae Piperacillin-tazobactam 3.375 g 745 713 67.3 631
every 4 hours
Piperacillin-tazobactam 3.375 g 63.1 60.2 53.7 46.7
every 6 hours
Cefepime 2 g every 12 hour 998 994 980 964
Cefepime 1 g every 12 hour 96.6 951 936 920

aPercentag:—:‘ of the dosing interval that serum concentrations remain above the MIC

Pharmacodynamic Target?

RESULTS

Microbiological- Duringthe SENTRY study period (2000), 1909
E cali and 743 K pneurmoniae blood stream isol ates were tested. Of these,
65 (3.4%) E coli and 40 (5.4%) K pneumoniae were ESBL phenotypes
(i.e., ceftazidime and/or ceftriaxone and/or aztreonam MIC 3 2 mg/L).
The activity of piperacillin-tazobactam for the 105 ESBL phenotype
grains is shown in Table 1. Piperacillin-tazobactam was significantly
more active againg E coli isolates (MICy, 4 mg/L) compared with K
pneumoniaesirains (M1Cs,, 16 mg/L). Also at the NCCL S breakpoint for
susceptibility (£16 mg/mL), 89.1% and 62.5% of E coli and K
pneumoniae strains were inhibited, respectively. For cefepime (Teble 2),
the ESBL phenotypeswere 16-fold more susceptibleto cefepimethan to
piperacillin-tazobactam, usng MIC, vaues as acomparison value. This
greater potency for cefepime indicated that 92.5% to 98.5% of strains
were inhibited a £8 mg/mL, which is the NCCLS breskpoint for
cefepime when testing Enterobacteriacese.
Pharmacodynamic-Piperacillin-tazobactam and cefepime
pharmacodynamic target attainment rates, stratified by micro-organism
and dosage regimen, are presented in Table 3. For the piperacillin-
tazobactam regimen of 3.375 g 1V every 4 hours,target attainment rates

againg ESBL-producing E coli phenotypes approached or exceeded
90% regardless of pharmacodynamic target. For the piperacillin-
tazobactam regimen of 3.375 g IV every 6 hours,target atainment rates
were somewhat less, ranging between 76.8% and 91.4%.

Similarly, against ESBL-producing K pneumoniae phenotypes, the
target attainment rate for piperacillin-tazobactam 3.375 g IV every 4
hours ranged from 63.1% to 745%, depending on the
pharmacodynamic target. As would be expected, target attainment rates
were less for 3.375 g IV dosed every 6 hours. For ingtance, if the
pharmacodynamic target was T>MIC of 3 70% of the dosng interval,
the atainment rate was | ess than 50%.

In generd, PK/PD targets were more likely to be achieved by cefepime
than piperacillin-tazobactam regardless of the dosng regimen modeled,
PK/PD target, or microorganism considered. One exception was against
E coli ESBL-producing phenotypes when pi peracillin-tazobactam was
dosed every 4 hours. In thisinstance, PK/PD target attainment rates for
both agents were approximately 90% or greater. Cefepime achieved
desired PK/PD targets at a >90% probability regardless of dosing
regimen model ed, PK/PD target sel ected, or micro-organism considered.

CONCLUSIONS

« [n vitro susceptibility results show that cefepime is 16 times more potent than
piperacillin-tazobactam against ESBL-producing E coli and K pneumoniae
bloodstream isolates

* PK/PD targets associated with favorable clinical outcomes against ESBL-
producing E coli and K pneumoniae isolates were more likely to be achieved
with cefepime than with piperacillin-tazobactam, regardiess of dosing regimen,
PK/PD target, or micro-organism

» PK/PD targets were more likely to be achieved with piperacillin-tazobactam
by dosing every 4 hours compared with dosing every 6 hours
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