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inhibitor combination
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Piperacillin-tazobactam is a p-lactam/g-lactamase inhibitor combination with a broad
spectrum of antibacterial activity that includes Gram-positive and -negative aerobic and
anaerobic bacteria. Piperacillin-tazobactam retains its in vitro activity against broad-
spectrum p-lactamase-producing and some extended-spectrum p-lactamase-producing
Enterobacteriaceae, but not against isolates of Gram-negative bacilli harboring AmpC
p-lactamases. Piperacillin-tazobactam has recently been reformulated to include
ethylenediaminetetraacetic acid and sodium citrate; this new formulation has been shown
to be compatible in vifro with the two aminoglycosides, gentamicin and amikacin,
allowing for simultaneous Y-site infusion, but not with tobramycin. Multicenter, randomized,
double-blinded clinical trials have demonstrated piperacillin-tazobactam to be as
clinically effective as relevant comparator antibiotics. Clinical trials have demonstrated
piperacillin-tazobactam to be effective for the treatment of patients with intra-abdominal
infections, skin and soft tissue infections, lower respiratory tract infections, complicated
urinary tract infections, gynecological infections and more recently, febrile neutropenia.
Piperacillin-tazobactam has an excellent safety and tolerability profile and continues to

be a reliable option for the empiric treatment of moderate-to-severe infections in

hospitalized patients.
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Piperacillin—tazobactam is a B-lactam/B-lacta-
inhibitor combination with broad-
spectrum antibacterial activity against Gram-

mase

positive and -negative aerobic and anaerobic
bacteria [1]. Piperacillin, a ureidopenicillin,
demonstrates iz vitro activity against members
of the family Enterobacteriaceac and Pseudo-
monas aeruginosa (2. The addition of tazo-
bactam to piperacillin inactivates B-lactamases
produced by Enterobacteriaceae as well as
other Gram-negative and -positive aerobic and
anaerobic pathogens [1,3]. Tazobactam extends
piperacillin’s spectrum of activity, permitting
its use in various clinical infections [4]. Piper-
acillin—tazobactam is less active in vitro against
Escherichia coli, Klebsiella spp. and other Entero-
bacteriaceae-producing extended-spectrum
B-lactamases (ESBLs) than against isolates not
producing ESBLs [5]. Piperacillin—tazobactam

has been clinically proven to be effective for the
treatment of patients with intra-abdominal
infections, skin and soft tissue infections, lower
respiratory tract infections, complicated uri-
nary tract infections, gynecological infections
and febrile neutropenic patients [4].

The purpose of this article is to provide
an updated review of the chemistry, mecha-
nism of action and resistance, microbiology
and pharmacokinetics/pharmacodynamics of
piperacillin—tazobactam. Recent (2000 to
present) clinical trials assessing the efficacy
and safety of piperacillin—tazobactam will also
be considered.

Chemistry

Penicillins are a large group of bicyclic ring
compounds containing a 4-membered B-lactam
ring fused to a 5-membered thiazolidine ring [6].
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Addition of substituents to the 6-amino group of 6-amino-
penicillanic acid has resulted in the development of various
semi-synthetic penicillins such as piperacillin (6. The specific
substituent added determines the characteristics of the penicil-
lin, including resistance to PB-lactamases, acid stability and
spectrum of antimicrobial activity (7).

Piperacillin, a ureidopenicillin, is derived from D(-)-a-
aminobenzyl-penicillin  (ampicillin) by the additon of a
hydrophilic heterocyclic group to the o-amino group of ampi-
cillin (FIGURE 1). This substituent improves the activity of piper-
acillin against Gram-negative bacteria, partly due to increased
affinity for penicillin-binding protein (PBP)-3, and thus leads
to a broader spectrum of activity [7]. Tazobactam is a peni-
cillanic acid sulfone derivative that has a similar chemical struc-
ture to that of sulbactam, another B-lactamases inhibitor [s].
The penicillanic acid sulfone nucleus of tazobactam contains a
triazolymethyl substituent at position 2 (FIGURE 1). The struc-
ture of sulbactam differs in that it has a methyl group at this
position [9]. The addition of tazobactam to piperacillin allows
for greater stability of piperacillin against B-lactamases includ-
ing PB-lactamase-producing staphylococci, Enterobacteriaceae,
Haemophilus influenzae and Bacteroides spp. 4]
alone lacks any intrinsic antibacterial activity [10].

. Tazobactam

Both piperacillin and tazobactam are supplied as a sodium
salt in an 8:1 piperacillin:tazobactam ratio. In the USA and
Canada, piperacillin—tazobactam (Zosyn®, Tazocin®) has been
recently reformulated to include ethylenediaminetetraacetic
acid (EDTA) and sodium citrate [11]. This new formulation has
been shown to be compatible in vitro with the two aminoglyco-
sides, gentamicin and amikacin, allowing for simultaneous
Y-site infusion. It is not compatible with tobramycin and its
compatibility with other aminoglycosides has not been

established (11]. The addition of EDTA has also allowed for
lactated Ringer’s solution to be included as a compatible solu-
tion [11]. The new formulation increases the sodium content by
0.4 mEq/g compared with the previous product [11].

Mechanism of action

B-lactam antibiotics, including piperacillin, are bactericidal due
1. PBPs are criti-
cal enzymes of the bacterial cell that catalyze the final cross-

to the irreversible inhibition of PBP enzymes 3

linkage between peptidoglycan strands [12]. Peptidoglycan is an
essential component of the bacterial cell wall, which protects
the cell from osmotic rupture, maintains the cell shape and is
integral for cell growth and division [7]. Individual peptido-
glycan strands consist of a polysaccharide chain composed of
N-acetyl glucosamine residues alternating with N-acetyl
muramic acid residues [12]. Attached to each N-acetyl muramic
acid residue is a pentapeptide chain that terminates with a
D-alanine residue linked to another D-alanine residue [12]. The
active site of PBPs contains a serine residue that targets the
terminal D-alanine-D-alanine bond of the pentapeptide chains
[12,13]. These enzymes cleave the terminal D-alanine residue of a
peptide chain and catalyze formation of a new peptide bond
between the remaining D-alanine residue and the peptide chain
of an adjacent peptidoglycan strand [12,13].

Due to the stereochemical similarity between piperacillin and
the D-alanine-D-alanine substrate of PBPs, piperacillin is able
to inhibit these enzymes by forming a covalent complex with
the serine residue at the enzymes’ active site [12]. The formation
of this penicilloyl-enzyme complex interferes with the normal
transpeptidase reaction resulting in a loss of integrity to the cell
wall [121. Through a complex mechanism, autolysins are
released after the PBP binding, which leads to lysis of the

bacterial cell wall [3).
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Figure 1. Piperacillin and tazobactam.

Various PB-lactam antibiotics demon-
strate different affinities towards various
PBPs [14]. Piperacillin’s broader spectrum
of activity against Gram-negative bacteria
is primarily due to increased affinity
towards PBP-3 [7]
shown to bind quite selectively to PBP-3
in E. coli 11516. Studies have demon-
strated that binding to PBP-3 appears to

. Piperacillin has been

E \O interfere with septation, thereby inhibit-
N \ ing cell division and causing elongated
Tazobactam . . -
" H filament formation [15,16]. Piperacillin also
N = binds moderately to PBP-2 and -7 in
B s

E. coli 15]. Piperacillin has been shown to
bind with high affinity to all Streprococcus
pneumoniae PBPs [14. Studies
reported that piperacillin  demonstrates

have

comparable in vitro activity with cefotax-
ime and ceftriaxone against B-lactamase-
negative ampicillin-resistant H. influenzae
due to potent affinities towards PBP-2,
PBP-3a and PBP-3b [17].
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Certain B-lactamase enzymes (Ambler Class A, C and D)
contain a serine residue at the active site, similar to PBPs. These
enzymes are capable of hydrolyzing the B-lactam ring of many
penicillin antibiotics [12]. A temporary acyl-enzyme inter-
mediate is formed during the process of hydrolysis. Tazobactam
inactivates B-lactamase enzymes by irreversibly binding to them
through the formation of a stable acyl-enzyme complex (acyl
enzyme then highly reactive imine followed by an enamine).
This complex is identical to the acyl-enzyme intermediate
formed with the normal B-lactam substrates of these enzymes [10].
The tazobactam—B-lactamase complex protects piperacillin
from the hydrolytic activity of B-lactamases [10].

Mechanism of resistance

The four potential mechanisms of resistance to piper-
acillin—tazobactam include B-lactamase enzyme production,
alteration of the target site (PBPs), a change in membrane
permeability or an increase in the membrane efflux [18]. Pro-
duction of B-lactamase enzymes by Gram-negative bacteria is
the major mechanism of resistance towards piperacillin [19].
Tazobactam inhibits Ambler Class A B-lactamases, but is not
active against Class B metallo-B-lactamases as they are intrinsi-
cally resistant to B-lactamase inhibitors leading to resistance
with piperacillin—tazobactam [10,19]. Acquired metallo-B-lacta-
mases are now being observed in species such P aeruginosa and
Klebsiella pneumoniae 19).

The prevalence of ESBL-producing organisms is increasing
(2021]. ESBLs are B-lactamase enzymes that are capable of
hydrolyzing an expanded substrate spectrum, including the
extended-spectrum  (third-generation) cephalosporins, cefo-
taxime and ceftazidime. These enzymes result from genetic
mutations in more narrow-spectrum B-lactamases, especially
those of the TEM and SHYV type. ESBLs are most often found
in K pneumoniae, Klebsiella oxytoca and E. coli [5). Piper-
acillin—tazobactam is significantly less active against Klebsiella
spp. and E. coli isolates that produce an ESBL [21,22]. Owing to
resistance concerns and a lack of published clinical data
supporting their efficacy, it is controversial as to whether
B-lactam/B-lactamase inhibitor combinations should be used
against ESBL-producing strains [22-25]. Some #n vizro data
suggest that piperacillin—tazobactam should not be used against
ESBL-producing K. pneumoniae due to limited activity at high
inoculum [2426]. Piperacillin—tazobactam has been demon-
strated 7 vitro to be less effective against ESBL-producing
Klebsiella spp. than ESBL-producing E. coli [22].

The use of piperacillin—tazobactam in the treatment of infec-
tions caused by Gram-negative bacteria that produce an AmpC
B-lactamase is also potentially problematic as hyperproduction
of these enzymes generally confers resistance to B-lactamase
inhibitors [5,19]. Chromosomally encoded, inducible AmpC
B-lactamases are present in several clinically important Gram-
negative bacteria, including Citrobacter freundii, Acinerobacter
and Enterobacter spp. Plasmid-mediated AmpC B-lactamases
are now appearing in other species that do not naturally
produce the AmpC enzyme, such as Klebsiella spp., Proteus

Piperacillin-tazobactam

mirabilis and Salmonella spp. (19.27). In vitro, it has been found
that increasing the relative proportion of tazobactam in the
piperacillin—tazobactam combination increased the effective-
ness of this antibiotic against AmpC-producing E. coli that
were resistant to ceftazidime [28]. In one study, the development
of AmpC-mediated resistance to piperacillin was shown to be
suppressed by tazobactam but not clavulanic acid. This
suppressive effect was mediated primarily by the B-lactamase
inhibitory activity of tazobactam [29].

The major mechanism conferring resistance to piper-
acillin—tazobactam in Gram-positive bacteria is alteration of the
PBPs [13]. While piperacillin—tazobactam exhibits a broad spec-
trum of antibacterial activity, some Gram-positive bacteria
demonstrate intrinsic resistance to the antibiotic. Low affinity
of Enterococcus faecium PBP-5 as well as methicillin-resistant
Staphylococcus aureus (MRSA) PBP-2a for piperacillin is associ-
ated with resistance to the combination of piperacillin—tazo-
bactam [30,31]. Mutations of PBP-2b in S. pneumoniae signifi-
cantly decreases the affinity of this PBP for piperacillin, thereby
causing a decrease in the autolytic response [14].

While changes in membrane permeability are not a com-
mon mechanism conferring resistance to piperacillin—tazo-
bactam, studies of K. pneumoniae have reported that an
increase in SHV-1 B-lactamase production may be accompa-
nied by decreased permeability to the antibiotic [18,32]. The
decrease in permeability here is thought to contribute to an
(321.  Resistance—nodulation—cell
division-type multidrug efflux systems (such as MexAB-

increase in  resistance
OmpM) have been shown to accommodate B-lactams. How-
ever, efflux systems are rarely implicated as the main cause of
B-lactam resistance [19,33].

Microbiology
Piperacillin—tazobactam displays broad-spectrum 7z vitro activ-
ity against Gram-positive and -negative aerobic and anaerobic
bacteria (TABLES 1-3). Piperacillin—tazobactam is active against
methicillin-susceptible S. aureus (MSSA), but clinically inactive
against MRSA, as are all B-lactams (mABLE 1) (34]. Piper-
acillin—tazobactam displays decreased potency against peni-
cillin-intermediate and -resistant streptococci, consistent with
altered PBPs. Although piperacillin—tazobactam is active
against Enterococcus faecalis, it is clinically inactive against
E. faecium due to its intrinsic resistance to B-lactams [30,34].
Piperacillin—tazobactam demonstrates high potency against
H. influenzae 134). ESBL-producing Enterobacteriaceae are an
increasingly concern. The carbapenems retain their in vitro
potency against ESBL-producing organisms (TABLE 2) [21,34].
Piperacillin—tazobactam displays less potent in witro activity
against ESBL-producing E. coli and K. pneumoniae than
against non-ESBL-producing isolates (TABLE 2) [22]. Data from
surveillance studies indicate that piperacillin—tazobactam
susceptibility has remained stable for most species of Entero-
bacteriaceae [36]. Various studies have also demonstrated the
sustained  potency against
P aeruginosa [34,37).

of piperacillin—tazobactam
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Table 1. /n vitro activity of piperacillin-tazobactam and comparator -lactams against Gram-positive aerobes.
Bacteria Piperacillin-tazobactam Amoxicillin-clavulanic Meropenem Ceftriaxone
(mg/1) acid (mg/1) (mg/1) (mg/1)
MIC;,  MIC,  Range MICy, MICq, MICsy  MICy, MICs,  MICy,
Staphylococcus 1 2 0.03t0 128 1 2 0.12 0.12 4 4
aureus (MS)
S. aureus (MR) 16 >32 1 to >256 8 16 16 32 >32 >32
Staphylococcus 0.5 2 0.03 to 1 8 0.06 0.12 1 2
epidermidis >128
Streptococcus 0.06 0.12 0.03 to 4 0.03 0.03 <0.03 <0.03 <0.03 <0.03
pyogenes
Streptococcus 0.25 0.5 0.12to 16 0.06 0.12 0.06 0.06 0.06 0.12
agalactiae
Streptococcus 0.03 1 0.03 to 2 0.03 0.03 <0.03 0.03 <0.03 0.25
pneumoniae (PS)
S. pneumoniae (Pl) <1 2 <1to2 0.25 1 0.12 0.5 0.25 0.5
S. pneumoniae (PR) 2 4 1t0 16 2 8 0.5 1.0 1 2
Enterococcus 4 8 0.06 to 64 1 1 4 16 >32 >32
faecalis
Enterococcus 32 >128 0.5t0o>256 32 128 >32 >32 >32 >32
faecium
Clinical and Laboratory Standards Institute (CLSI) susceptible breakpoints for Staphylococcus spp.: piperacillin-tazobactam <8/4 mg/l, amoxicillin-clavulanic acid
<4/2 mgl, meropenem <4 mg/l and ceftriaxone <8 mg/I [106].
CLSI susceptible breakpoints for Streptococcus spp. other than Streptococcus pneumoniae: meropenem <0.5 mg/l and ceftriaxone <0.5 mg/l; breakpoints for
piperacillin-tazobactam and amoxicillin-clavulanic acid are not published [106].
CLSI susceptible breakpoints for S. pneumoniae: amoxicillin-clavulanic acid <2/1 mg/l, meropenem <0.25 mg/l, and ceftriaxone <1 mg/l (nonmeningitis); breakpoints for
piperacillin-tazobactam are not published [106].
CLSI breakpoints for piperacillin-tazobactam, amoxicillin-clavulanic acid, meropenem and ceftriaxone are not published for Enterococcus spp. [106].
MICy: Minimum inhibitory concentration that inhibited the growth of 50% of isolates tested; MICqy: Minimum inhibitory concentration that inhibited the growth of 90%
of isolates tested; MR: Methicillin resistant; MS: Methicillin susceptible; PI: Penicillin intermediate (penicillin MIC 0.12-1 mg/l); PR: Penicillin resistant (penicillin MIC
>2 mg/l); PS: Penicillin susceptible (penicillin MIC <0.06 mgl/l).
Data presented adapted from [34,38,107-122].

B-lactamase production is common among Bacteroides fra-
gilis, and is becoming increasingly observed in other anaer-
obes such as Prevotella spp., Fusobacterium and Clostridium
spp- [40]. Piperacillin—tazobactam, amoxicillin—clavulanic
acid and meropenem all demonstrate more potent in vitro
activity against anaerobic organisms than ceftriaxone

(TABLE 3) [38,41].

Pharmacokinetics

The pharmacokinetics of piperacillin—tazobactam obtained
from healthy volunteers and patients are presented in TABLES 4
AND 5. Piperacillin and tazobactam are not absorbed in the
gastrointestinal tract and must be administered intravenously
via infusion or as a slow bolus injection [4]. Over the past two
decades, there has been ongoing controversy regarding whether
piperacillin displays linear or nonlinear pharmacokinetics; to
date, consensus has not been reached [42,43). Tazobactam
pharmacokinetics appear to be dose dependent when
administered as a single agent in healthy volunteers [44].

In combination, piperacillin pharmacokinetics appear not to
be affected by coadministration of tazobactam [44]. By contrast,
the coadministration of piperacillin increased the maximum
concentration of tazobactam in plasma (C_, ), its area under
the curve (AUC) and its half-life (44-46]. In a study comparing
two piperacillin—tazobactam high-dose regimens, tazobactam
half-life was prolonged compared with conventional piper-
acillin—tazobactam regimens, suggesting nonlinear tazobactam
pharmacokinetics. The increase in tazobactam half-life may be
as a result of competitive inhibition of tazobactam renal elimi-
nation by piperacillin [44-46]. Examination of the penetration of
the antibiotic into the inflammatory exudates of healthy male
subjects displayed the percentage of tazobactam penetration to
be higher when coadministered with piperacillin (67.7%) than
when administered alone (46.7%) [46].

Children aged 2 months to 12 years administered either low-
dose 50/6.25-mg/kg or high-dose 100/12.5-mg/kg piper-
acillin—tazobactam showed no statistically significant difference
in pharmacokinetic parameters relative to dose with the
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Table 2. /n vitro activity of piperacillin-tazobactam and comparator 3-lactams against Gram-negative aerobes.

maltophilia

Bacteria Piperacillin-tazobactam Amoxicillin-clavul  Meropenem Ceftriaxone

(mg/l) anic acid (mg/I) (mg/1) (mg/)

MICg, MIC,, Range MICs, MICy, MICg, MIC,y, MICg, MIC,,
Acinetobacter spp. 16 128 <0.008 to 256 4 32 0.5 >8 16 >32
Citrobacter freundii 2 32 0.12 to 256 32 >32 0.03 0.06 0.12 32
Enterobacter 2 32 0.25 to 256 >32 >32 <0.03 0.06 0.12 32
aerogenes
Escherichia coli 1 4 <0.06 to >128 4 16 <0.06 <0.06 0.06 <0.25
E. coli (ESBL) 8 64 110 128 16 32 0.06 0.06 >32 >32
Haemophilus 0.06 0.125 0.03to 1 0.5 1 0.03 0.25 <0.03 0.26
influenzae
Klebsiella 4 64 0.03 to 256 2 8 0.03 0.06 0.06 0.25
pneumoniae
K. pneumoniae (ESBL) 32 128 110 >256 16 >32 0.125 0.125 >32 >32
Klebsiella oxytoca 1 64 <0.06 to 256 2 16 0.03 0.12 0.06 8
Klebsiella spp. 2 8 <0.25to >128 2 8 0.03 0.03 <0.25 0.5
Morexella catarrhalis  0.25 0.25 0.25t0 8 0.12 0.25 <0.03 <0.03 0.12 0.5
Morganella morganii 0.25 0.5 0.25to0 32 >32 >32 0.25 0.25 0.12 8
Proteus mirabilis 0.25 0.5 0.03 to 256 1 2 0.06 0.06 0.03 0.12
Proteus vulgaris 0.25 2 0.03 to 16 8 8 0.12 0.12 >32 >32
Pseudomonas 4 >64 0.12t0 >128 >16 >16 0.5 8 >32 >32
aeruginosa
Salmonella spp. 2 16 0.25 to 256 1 1 0.03 0.06 0.06 0.125
Serratia marcescens 2 8 0.03 to 256 >32 >32 0.03 0.06 0.25 0.5
Shigella spp. 0.5 1 0.03 to 128 4 32 0.03 0.06 0.03 0.06
Stenotrophomonas  >128 >128 32 to >256 32 >32 >32 >32 >32 >32

<8/4 mg/l, meropenem <4 mg/l and ceftriaxone <8 mg/l [106].
<8 mgll; breakpoints for amoxicillin-clavulanic acid are not published [106].

concentration that inhibited the growth of 90% of isolates tested.
Data presented adapted from [21,22,38,39,107-114,116,117,120,122-128].

Clinical and Laboratory Standards Institute (CLSI) susceptible breakpoints for Enterobacteriaceae: piperacillin-tazobactam <16/4 mg/l, amoxicillin-clavulanic acid
CLSI susceptible breakpoints for Pseudomonas aeruginosa and other non-Enterobacteriaceae: piperacillin-tazobactam <16/4 mg/l, meropenem <4 mg/l and ceftriaxone

ESBL: Extended-spectrum B-lactamase; MICyy: Minimum inhibitory concentration that inhibited the growth of 50% of isolates tested; MICqy: Minimum inhibitory

exception of AUC, C_ . and C_;, values [47]. Younger infants
(<6 months) were shown to have a prolonged elimination half-
life and a decreased clearance compared with older infants
(>6 months) indicating that dosage adjustment may be required
for infants less than 6 months [447). Elimination half-life
decreased and clearance increased with increasing age, however,
the volume of distribution of piperacillin-tazobactam remained
constant in both younger and older children 47). Over 6 h, 70%
of the administered dose was collected unchanged in the urine
demonstrating renal clearance to account for a majority of the
drug clearance [47]. As with adults, the elimination was shown to
be highly dependant on renal function [47].

Distribution

The volume of distribution of piperacillin—tazobactam ranges
from 15 to 18 I in healthy adults and patients (TABLE 4) [4].
Distribution into various tissue sites is generally regarded as
good (with the exception of fat tissue) due to the hydrophilic
nature of the two compounds [4,44,48]. Piperacillin—tazobactam
concentrations in skin, muscle, lung, gallbladder and intestinal
mucosa were 16—-85% of those concentrations found in plasma,
often exceeding the MICy of common pathogens [44]. Similar
to other B-lactam antibiotics, piperacillin-tazobactam penetra-
tion into fatty tissue is lower (~10% of plasma concentrations)
compared with other tissues [48]. In a study of a blister model,
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Table 3. /n vitro activity of piperacillin-tazobactam and comparator -lactams against anaerobes.

Bacteria Piperacillin-tazobactam Amoxicillin-clavulani  Meropenem Ceftriaxone
(ma/1) c acid (mg/l) (mg/1) (mg/)
MICg, MICy,  Range MICg, MIC,y, MICg, MIC,y, MICg, MIC,,
Bacteroides fragilis 0.5 4 <0.008 to >128  0.25 1 0.12 0.5 32 64
B. fragilis group 4 16 <0.125 to 64 2 4 0.25 0.5 64 >64
Bacteroides ovatus 4 8 <0.06 to 32 0.25 1 0.25 0.5 >64 >64
Bacteroides 0.2 16 <0.06 to >128 1 8 0.25 0.5 32 >128
uniformis
Bacteroides 2 16 <0.06 to 32 4 16 0.25 0.5 16 >64
vugatus
Bacteroides 8 32 <0.06 to 32 1 16 0.25 0.5 >64 >64
thetaiotaomicron
Bacteroides 4 8 <0.06 to >128 8 16 0.25 0.5 32 >64
distasonis
Clostridium 8 16 21032 0.25 2 2 4 32 64
difficile
Clostridium 0.25 0.5 <0.06to 1 0.06 0.25 0.016 0.03 2 8
perfringens
Fusobacterium <0.06 0.12 <0.06 to 8 0.25 2 0.03 0.12 0.125 4
spp.
Lactobacillus 2 4 0.06 to >128 0.25 2 8 >8 64 >64
spp.
Peptostreptococcus 0.125 2 <0.06 to 16 0.25 0.25 0.06 0.5 0.5 8
spp.
Provotella spp. <0.06 <0.06 <0.006 to >128 0.03 0.25 0.06 0.25 0.5 32

Clinical and Laboratory Standards Institute susceptible breakpoints for anaerobes: piperacillin-tazobactam <32/4 mg/l, amoxicillin-clavulanic acid <4/2 mg/l, meropenem

<4 mg/l and ceftriaxone <16 mg/l [128,129].

MICyy: Minimum inhibitory concentration that inhibited the growth of 50% of isolates tested; MICqy: Minimum inhibitory concentration that inhibited the growth of 90%

of isolates tested.
Data presented adapted from [38,113,114,117,121,123,126,127,130-137].

tazobactam was shown to penetrate rapidly and to a greater
extent when coadministered with piperacillin (67.7 vs 46.7%
alone) [46]. The protein binding of piperacillin and tazobactam
is low at 20-30% and 20-25%, respectively [43,49].

Metabolism & elimination

The major route of elimination of both piperacillin and tazo-
bactam is renal, predominantly through active tubular secretion
and glomerular filtration. Approximately 70-80% of the piper-
acillin dose eliminated in the urine is unmetabolized (50]. Piper-
acillin was shown to decrease the extent of renal elimination of
tazobactam over 24 h from 63.7% of the administered dose to
56.8% (46]. Nonrenal elimination via hepatobiliary excretion
also occurs but to a lesser extent [44]. Westphal and colleagues
noted that the concentration of piperacillin in the bile was
markedly higher than that of tazobactam, suggesting piper-
acillin only is actively secreted into the biliary tract [51]. Piper-
acillin and tazobactam undergo cleavage of their B-lactam rings

forming N-desethyl-piperacillin (minor active metabolite) and
M, (inactive metabolite), respectively [49]. In subjects receiving
14C_labeled tazobactam, 26% were recovered as an inactive
metabolite [52].

Renal insufficiency

The volume of distribution of piperacillin-tazobactam
remains similar for patients with renal dysfunction and for
those with normal renal function [50,53]. However the elimina-
tion half-life of piperacillin and tazobactam increases three- to
fivefold in patients with decreased renal function compared
with those with normal renal function [53]. In patients with
creatinine clearance (CrCl) between 10 and 30 ml/min, renal
excretion of piperacillin decreased to 35% of the administered
dose (53. In patients with CrCl less than 20 ml/min, the
average AUC of piperacillin and tazobactam are threefold and
four- to fivefold higher, respectively, than subjects with normal
renal function [44]. The decrease in renal clearance appears to
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Table 4. Pharmacokinetic parameters of piperacillin and tazobactam®.

Parameter Dose Piperacillin Tazobactam Ref.
Area under the curve (mg/I*h) 4/05 g 278 41 [51]
4/05 g 296.0 (83.9) 43.6 (16.4) [50]
4/0.5¢ 361 (80.3) 476 (13.3) [47]
Maximum concentration (mg/l) 4/05¢ 277 34 [51]
4/0.5 g every 8 h 264.44 (50.5) 29.12 (5.59) [45]
4/05¢ 259 (81.8) 27.9 (7.67) [47]
Apparent plasma clearance (I/h) 4/0.5 g every 6 h 14.5 12.1 [51]
4/0.5 g every 8 h 109 (1.17) 11.09 (1.1) [47]
Apparent renal clearance (I/h) 4/0.5 g every 6 h 6.5 6.2 [51]
4/0.5 g every 8 h 6.15 (0.55) 7.52 (0.67) [47]
Apparent nonrenal clearance (I/h) 4/0.5 g every 6 h 8.0 5.9 [51]
Volume of distribution at steady state (I) ~ 4/0.5 g every 6 h 15 18 [51]
Plasma half-life (h) 4/05¢ 0.83 0.78 [51]
4/0.5 g every 6 h 0.91 0.80

*Mean (+ standard deviation) pharmacokinetic parameters for total (protein bound and unbound) drug.

have a greater effect on tazobactam than piperacillin due to the
normally higher excretion of tazobactam than piperacillin in
healthy individuals [44].

Modification of the dose of piperacillin—tazobactam is neces-
sary in patients with severe renal impairment [4,50,53]. The manu-
facturer recommends that the piperacillin—tazobactam dose be
reduced and/or interval extended in patients with CrCl less than
40 ml/min with the reduction dependent upon the degree of
renal insufficiency (e.g., 2040 vs <20 ml/min) [11]. Alternative
dosage suggestions include extending the dosage interval in
patients with a CrCl less than 20 ml/min to every 12 h (4. In
patients receiving hemodialysis, a supplemental dose of piperacil-
lin—tazobactam 0.75 g is recommended after hemodialysis since
30-50% of the piperacillin—tazobactam dose may be removed
[4,44]. With regards to peritoneal dialysis, supplemental dosing of
piperacillin—tazobactam is not required since only 6 and 13% of
piperacillin and tazobactam, respectively, are removed [44].

Hepatic insufficiency
Patients with hepatic insufficiency do not show a significant
alteration of the piperacillin—tazobactam pharamacokinetics [4].

Pharmacodynamics

B-lactam antibiotics generally exhibit time-dependent anti-
bacterial activity as opposed to the concentration-dependent
bacterial killing demonstrated by aminoglycosides and fluoro-
quinolones (54,55]. The time the antibiotic concentration in
the serum exceeds the MIC (T ) for a pathogen correlates
best with the microbiological and clinical efficacy of piper-
acillin—tazobactam (55,56]. While a rise in bactericidal activity

is noted with increasing concentration, this only occurs until
the concentration of piperacillin—tazobactam is four- to five-
times the pathogen’s MIC, after which bacterial killing
plateaus (57]. The maximal activity against Gram-negative
bacteria is obtained with a T ;¢ of 60-70% of the dosing
interval and 40-50% for Gram-positive bacteria (54,57]. The
pharmacodynamic parameter that best describes tazobactam’s
activity is not fully elucidated, although the AUC appears to
be important in describing B-lactam/B-lactamase inhibitor
activity [58].

A comparison of two common piperacillin-tazobactam
dosage regimes, 3.375 g every 6 h and 4.5 g every 8 h, found
both regimens provided a T_ ;¢ of more than 60% of the 24-h
period for the E. coli, S. aureus, K. pneumoniae and P aeruginosa
(all isolates were susceptible to piperacillin) isolates studied [45].
Using Monte Carlo simulation, the Optimizing Pharmaco-
dynamic Target Attainment using the MYSTIC Antibiogram
(OPTAMA) program found that the probability of target
attainment (for susceptible pathogens) for piperacillin—tazo-
bactam 3.375 g every 6 h and 4.5 g every 8 h for treatment of
the following infections was: skin and soft tissue (>90 and
88.7%, respectively), secondary peritonitis (92.9 and 85.2%,
respectively) and nosocomial bloodstream infections (97.9 and
95%, respectively) [59-61]. Against pathogens commonly
isolated in nosocomial pneumonia, the probability of target
attainment of 50% T _, ;- was found to be greater than 90% for
both piperacillin—tazobactam 3.375 g every 6h and 45¢g
administered every 6h [62. No data exist regarding the
pharmacodynamics  of  piperacillin—tazobactam
piperacillin—tazobactam-resistant pathogens.

against
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Table 5. Pharmacokinetic parameters of piperacillin-tazobactam versus comparators.

Drug iv. dosage  C,,, AUC Half-life ~ Vd (I/kg)* Protein Excreted  Dosing Ref.
(9) (mg/1)* (mg/n/l)*  (h) binding unchanged interval
(%) (%)
Piperacillin-  3.375 262.67 278 0.76-0.93 0.21 20-23 70 tid.-qg..d. [4,45,50]
tazobactam (28.68)
Meropenem 0.5 26 27.2-32.4 1 0.23-0.35 2 70 tid.-q.id. [137,138]
1 61.6 77.5
Ceftriaxone 1 136.4 (21.2) 1075.4 7.5(0.6) 0.12 (002)  85-95 60 od. [138,139)]
(191.76)

*Mean or range with or without + standard deviation.
Concentration dependent.

AUC: Area under the concentration-time curve; C,,,: Peak concentration reached in the plasma/serum; iv.: Intravenous; o.d.: Once daily; g.i.d.: Four-times daily;

‘max-

t.i.d.: Three-times daily; Vd: Volume of distribution.

There has been active discussion as to how to best optimize
B-lactam pharmacodynamics by either continuous infusion
versus traditional intermittent administration [6364]. Several
studies have evaluated piperacillin—tazobactam by traditional,
high-dose extended-interval intermittent or continuous infusion
to optimize pharmacodynamics [56,58]. Serum concentrations
achieved with continuous infusion (8.1 g over 24 h or 13.5¢
over 24 h) often exceeded MICs (all susceptible) of pathogens
such as C. freundii, K. pneumoniae and E. faecalis based on
pharmacokinetic analyses and pharmacodynamic modeling
[43,56]. A recent clinical trial comparing piperacillin—tazobactam
13.5 g/day by intermittent administration against continuous
infusion for complicated intra-abdominal infections reported no
differences in clinical outcome between the two administration
methods [65]. A pharmacodynamic assessment of this intra-
abdominal trial determined intermittent and continuous infu-
sion pharmacodynamic indices were well above the MICs of
pathogens documented [43]. The pharmacodynamic characteris-
tics of high-dose, extended-interval administration of piper-
acillin—tazobactam has been reported by Kim and associates [58].
Piperacillin—tazobactam 6.75 g every 12 h and 8.1 g every 12 h
provided a 50% T _ ;¢ for organisms with MIC values less than
or equal to 16 and 32 mg/l, respectively [s8]. Other methods of
intermittent administration have included administering tradi-
tional intermittent doses of piperacillin—tazobactam over a 4-h
infusion resulting in probability of target attainment of 92% with
organisms with a MIC of 16 mg/l (63,64]. By contrast, with respect
to ESBL-producing pathogens, Reese and colleagues found using
Monte Carlo simulation that neither intermittent (3.375 g every
4h) nor continuous infusion (13.5 g over 24 h) of piper-
acillin—tazobactam achieved adequate pharmacodynamic targets
(T.pic >50%) for these pathogens (66]. The probability of Ty
greater than 50% was 57% when piperacillin—tazobactam 3.375 g
every 6 h for ESBL-producing K. pneumoniae was calculated [22).

In summary, depending on the pathogen and desired
pharmacodynamic target, piperacillin—tazobactam meets or
exceeds target attainment (against susceptible pathogens) at

different intermittent dosages and administration, or by
continuous infusion. However, these methods do not appear to
achieve the desired T ¢ (depending on the target) for
ESBL-producing pathogens.

Clinical trials

Over the past two decades, the use of piperacillin—tazobactam
for intra-abdominal infections, respiratory tract infections and
febrile neutropenia has been extensively studied through large
randomized controlled trials, open-label comparative trials as
well as several noncomparative trials. These trials have been
summarized previously [449]. Since 1999, several randomized
control trials have been published evaluating piperacillin with
various comparators for the management of a variety of infec-
tions including intra-abdominal, skin and soft tissue, pelvic,
nosocomial pneumonia and febrile neutropenia (TABLES 6 & 7).
Clinical trials involving piperacillin—tazobactam published from
2000 to present will be briefly reviewed. The clinical trials dis-
cussed below have all been performed with the old formulation,
not the new formulation with EDTA and sodium citrate.

Complicated intra-abdominal infection

The efficacy of piperacillin—tazobactam for the management of
complicated intra-abdominal infections has been well estab-
lished in Phase III and open-label clinical trials. Clinical
response rates in several open-label studies comparing piperacil-
lin—tazobactam with various antimicrobial regimens for intra-
abdominal infections reported response rates ranging from 80
to 100% (TABLE 6) [67-69]. Newer agents/regimens such as erta-
penem and moxifloxacin have used piperacillin—tazobactam as
the comparator agent in large, double-blind, randomized
controlled clinical trials. Cohn and colleagues compared
ciprofloxacin—metronidazole with piperacillin—tazobactam [70].
Response rates in evaluable patients were 74 and 63%, respec-
tively, favoring ciprofloxacin—metronidazole (95% confidence
interval [CI]: 0.3%, 23.1%; p =0.047) [70.. The modified

intent-to-treat (MITT) analyses, however, were similar between
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Table 6. Recent (2000-present) piperacillin-tazobactam clinical trials in intra-abdominal, pelvic and complicated skin
and soft tissue infections.

Author Regimen (iv.) No. Duration of Test of cure % favorable response Ref.
randomized parenteral (no. of days (no. of evaluable patients)
treatment”  post- Clinical ~ Micro. Clinical +
(days: range) therapy) micro.

Intra-abdominal

Solomkin etal. P[T3.375gevery6h 633 7.8 (4-18) 28-42 n.d. nd. 81.2 (193) [71]
ERT1go.d. 7.6 (4-17) n.d. n.d. 86.7 (203)

Cohn etal. P/T3375gevery6h 459 10 21-35 63 (116) 71 (96) [70]
CIP 400 mg every 12 h 9 74 (134) 77 (102)
+ MTR 500 mg every
6h

Malagoni etal. P[T3375gevery6h 656 n.d. 25-50 78 (196) 77 (163) [72]
MOX 400 mg o.d. 80 (183) 78 (150)

Ohlin etal. P/T4.5gevery8h 269 5 28-42 88 (105) n.d. [92]
CXM 1.5 g every 8 h + 6 83 (100) nd.
MTR 1.5 g every 24 h

Jaccard etal.  P[T45gevery8h 159 8.2 14-28 95 (72) n.d. [67]
IMI[CILO.5 g every 6 h 8.5 93 (77) n.d.

Maltzou etal.  P/T 100/12.5 mg/kg 70 5 (5-9) 14-28 100 (35) 97 (30) [69]
every 8 h
CEF + MTR 5 (5-9) 100 (34) 100 (31)
50/7.5 mg/kg every 8 h

Pelvic

Roy etal. P/T3.375gevery 6 h 412 4(3-12) 14-28 91.5 (153) 93.8 (129) [77]
ERT 1 g o.d. 4(2-12) 93.9 (163) 93.7 (128)

Skin and soft tissue

Graham etal. P[T3.375gevery 6 h 540 9.8 (3-18) 10-21 84.4 (174) 83.4 (151) 82.1(151) [90]
ERT1go.d. 9.1 (3-16) 82.4 (185) 82.6 (155) 81.9 (155)

Lipsky et al. P/T3375gevery6h 586 11.3 10 83 (196) 81 (73]
ERT 1 g o.d. "1 87 (206) 93

Giordano etal. P[T3.375gevery6h 617 6 10-42 82 (187) 85.77 [76]
MOX 400 mg o.d. 6 79 (180) 85.70

Siami etal. P/T3375gevery6h 409 13 6-14 65.2 (135) 57.2 [75]
CFX 200 mg every 12 h 13 68.8 (144) 61.5

CEF: Cefotaxime; CFX: Clinafloxacin; CIL: Cilastatin; CIP: Ciprofloxacin; CTX: Ceftriaxone; CXM: Cefuroxime; ERT: Ertapenem; IMI: Imipenem; iv.: Intravenous;

Micro.: Microbiological; MOX: Moxifloxacin; MTR: Metronidazole; n.d.: No data; o.d.: Once daily; P/T: Piperacillin-tazobactam.

ciprofloxacin—metronidazole and piperacillin—tazobactam at
75 versus 69% (95% CI: -3.4%, 15.6%), respectively. The
end of therapy bacteriological eradication rates were similar,
77 and 71% for the ciprofloxacin—metronidazole and

piperacillin—tazobactam groups, respectively (95% CI: -5.1%,
19.4%) [701. In a trial comparing ertapenem with piper-
acillin—tazobactam, the test of cure (TOC) rates for clinical and
microbiologic response were 86.7 and 81.2% for ertapenem
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Table 7. Recent (2000-present) piperacillin-tazobactam clinical trials in febrile neutropenia and
nosocomial pneumonia.

+ TOB 5 mg/kg/day

Author Regimen No. Duration of  Test of cure % favorable response Ref.
randomized parenteral (no. of days (no. of evaluable patients)
treatment  post Clinical ~ Micro. Clinical +
(days: mean  therapy) micro.
range)
Febrile neutropenia
Rossini etal.  PT 200 mg/kg/day + 252 11 (1-28) 4 529 (121) 50 (38) [79]
AMI 20 mg/kg/day
CTX 30 mg/kg/day + 12 (1-26) 508 (122)  46(37)
AMI 20 mg/kg/day
Harter et al. P/T45gevery8h 219 8 (2-23) 3 53 (87) 48 (50) [80]
CZD 2 gevery8h 8 (1-29) 55 (74) 57 (44)
Del Favero P/T 4.5 gevery 8 h 760 n.d. n.d 49 (364) n.d. [83]
etal.
P/T45qgevery8h + 53 (369) n.d.
AMI 7.5 mg/kg
every 12 h
Sanz etal. PIT45gevery6h+ 343 n.d. 7 31.2 (141) 25 (24) (78]
AMI 20 mg/kg/day
IMI/CIL 500 mg 41.6 (149) 143 (14)
Cometta etal. P[T4.5gevery6h 165 n.d. 4 46 (79) n.d. [84]
P/T45qgevery6h + 49 (86) n.d.
VAN 15 mg/kg
every 12 h
Sanz etal. PIT45gevery6h+ 969 15.7 4 54 39 51 (435) [81]
AMI 20 mg/kg/day
CPM 2 gevery8h + 15.8 47 40 49 (432)
AMI 20 mg/kg/day
Bow etal. PIT 4.5 g every 6 h 528 9.9 (1-23) 7 26.8 (265) n.d. [82]
CPM 2 gevery8h 9 (1-26) 20.5 (263) n.d.
Nosocomial pneumonia
Joshi etal. P/T3.375gevery4h 300 9 7-24 74 (78) 65 (78) [86]
+ TOB 5 mg/kg/day
CZD 2 gevery8h + 9 50 (58) 50 (58)
TOB 5 mg/kg/day
Alvarez-lerma P[T45gevery6h+ 124 10.8 10-14 51.8 (83) 62 (50) [87]
etal. AMI 15 mg/kg
CZD 2 gevery8h + 95 53.8 (26) 65 (20)
AMI 15 mg/kg
Joshi etal. PlT45gevery6h+ 437 10.2 14 (+7) 68.4 (98) 63.9 (97) [88]
TOB 5 mg/kg/day
IMI'500 mg every 6 h 10.6 60.6 (99) 58.6 (99)

AMI: Amikacin; CIL: Cilastatin; CIP: Ciprofloxacin; CPM: Cefepime; CTX: Ceftriaxone; CZD: Ceftazidime; IMI: Imipenem; Micro.: Microbiological; MOX: Moxifloxacin;
n.d.: No data; P/T: Piperacillin-tazobactam; TOB: Tobramycin; VAN: Vancomycin.
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and piperacillin—tazobactam, respectively (5.5% difference;
95% CI: -2.2%, 13.1%) meeting predefined definitions of
therapeutic equivalency (71]. MITT results were also similar,
79.3% (ertapenem) and 76.2% (piperacillin—tazobactam), for
the two groups [71].

Recently, moxifloxacin was compared with piperacillin—tazo-
bactam for complicated intra-abdominal infections. Of the sub-
set of patients with hospital-acquired intra-abdominal infections,
Malagoni and colleagues reported that efficacy and microbiologic
eradication was higher with moxifloxacin compared with piper-
acillin—tazobactam [72). The primary TOC analyses found clini-
cal and microbiologic cure rates in evaluable patients were similar
between moxifloxacin and piperacillin—tazobactam, 80 and 78%,
respectively (95% CI: -7.4%, 9.3%) for efficacy and 78 and
77%, respectively (95% CI: -9.9%, 8.7%) for microbiological
eradication [72]. Overall, comparative studies have supported the
continued use of piperacillin—tazobactam for the management of
intra-abdominal infections with clinical and microbiologic
response rates similar to the comparators.

Complicated skin & skin structure infections

Similar to complicated intra-abdominal studies,

piper-
acillin—tazobactam has been used as a comparator in large,
double-blinded, randomized controlled studies involving erta-
penem or broad-spectrum fluoroquinolones for the manage-
ment of complicated skin and soft tissue infections. In a
Phase III clinical trial comparing ertapenem and piper-
acillin—tazobactam for complicated skin and skin structure
infections (e.g., abscesses, lower extremity), efficacy rates for
evaluable patients at TOC were similar between ertapenem and
piperacillin—tazobactam, 82.4 versus 84.4%, respectively (95%
CI: -10.2%, 6.2%) (73]. Clinical and microbiologic response rates
were also similar when adjusted for patient stratums, 81.9 and
82.1% (95% CI: -9.3%, 9.0%) for ertapenem and piper-
acillin—tazobactam, respectively [73]. A subset analysis of patients
receiving outpatient antibiotic therapy (OPAT) with ertapenem
or piperacillin—tazobactam also found similar rates of efficacy [74].
In patients with moderate-to-severe diabetic foot infections,
outcomes were found to be similar in a study by Lipsky and col-
leagues comparing ertapenem and piperacillin—tazobactam [73].
Clinical response at the time of discontinuation of intravenous
therapy (primary end point) adjusted for baseline severity was
94 and 92% (95% CI: -2.9%, 6.9%) for the ertapenem and
piperacillin—tazobactam arms, respectively (73]. There was no
difference in the response rate by grade of severity or pathogen.
When compared with broad-spectrum fluoroquinolones,
clinical response rates were similar between the fluoroquino-
lones and piperacillin—tazobactam in patients with severe skin
and soft tissue infections. Siami and colleagues found clinical
response rates (68 and 65.2% [95% CI: -7.5%, 14.6%]) and
microbiologic response rates (61.5 and 57.2% [95% CI: -4.4%,
13.0%]) to be similar in patients receiving clinafloxacin or
piperacillin—tazobactam, respectively [75]. In a recent study
comparing moxifloxacin and piperacillin-tazobactam, the
TOC clinical response rates were 79 and 82%, respectively

Piperacillin-tazobactam

(95% CI: -12.4%, 3.29%) [76]. There were no differences in
response rates based on type of infection or baseline pathogens.
In the subset of patients with abscess however, the clinical
response rate was observed to be higher in patients receiving
piperacillin—tazobactam compared with moxifloxacin (93 vs
78%, respectively; p = 0.04). After adjusting for resistance,
number of surgeries and MRSA, no differences were found (76].

In summary, studies to date continue to support the use of
piperacillin—tazobactam for complicated skin and soft tissue
infections including diabetic foot infections.

Gynecological infections

In contrast to other infections, only a few studies have formally
evaluated piperacillin—tazobactam for the treatment of acute
pelvic infections such as endometritis. In a recent study, Roy
and associates found clinical TOC response rates similar
between ertapenem and piperacillin—tazobactam, 93.9 versus
91.5% (95% CI: -4.0%, 8.8%), respectively [77]. Response rates
were also similar between the two groups when stratified based
on the diagnosis, severity of infection or population (obstetric
vs gynecologic). Microbiologic response rates in clinically
evaluable patients did not differ between the ertapenem and
piperacillin—tazobactam groups (93.7 vs 93.8%, respectively).

Febrile neutropenia

Previous studies have compared piperacillin—tazobactam mono-
therapy or combination therapy (e.g., aminoglycoside or vanco-
mycin) with other antibiotics (monotherapy or combination)
in the febrile neutropenic population generally in large, open-
label prospective trials (4. Recent trials have compared a
carbapenem or third/fourth-generation cephalosporin with
piperacillin—tazobactam with or without an aminoglycoside
(TABLE 7). In a nonrandomized observational study, Sanz and
colleagues reported similar response rates between imi-
penem-—cilastatin and piperacillin—tazobactam plus amikacin
(500 mg every 12 h) in patients with febrile neutropenia, 42 and
31%, respectively (95% CI: -0.01%, 21.47%; p = 0.06) (7.
There were no differences in time to defervescence or other
secondary analyses between the two groups.

With respect to the cephalosporin trials, piperacillin—tazo-
bactam was compared with ceftriaxone (both with amikacin) for
the empiric management of febrile neutropenia in patients with
primarily hematologic malignancies [79). Clinical response rates
were similar between the two groups, 52.9 and 50.8% (p > 0.2),
respectively. By contrast, an open-label study reported higher
response rates (defervescence at 72 h) with piperacillin—tazo-
bactam monotherapy than with the combination of ceftriaxone
plus gentamicin (57.1 vs 35.3%, respectively; p = 0.0047).

Compared with ceftazidime, Harter and associates found no
difference in clinical response rates in evaluable patients (those
on high-dose chemotherapy or peripheral blood stem cell trans-
plants) receiving ceftazidime 2 g every 8 h or piperacillin—tazo-
bactam 4.5 g every 8 h as monotherapy (55 and 53%, respec-
tively; p=0.9) [80l. When therapy was evaluated based on
modification (e.g., addition of vancomycin), there were no
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differences between the two groups. Piperacillin—tazobactam
was considered noninferior to ceftazidime. Two trials have eval-
uated cefepime 2 g every 8 h and piperacillin—tazobactam 4.5 g
every 6 h as empiric therapy for patients with febrile neutro-
penia. Sanz and colleagues compared the two regimens, which
included amikacin 20 mg/kg/day in both study arms in a
randomized prospective trial (81]. The response rate were 49 and
52% for the cefepime and piperacillin—tazobactam arms,
respectively. There was no difference in response when analyzed
by antibiotic modification, documented infection (clinical or
microbiologic) or infection type. Recently, Bow and colleagues
reported response rates at TOC of 26.8 and 20.5% (odds ratio
[OR]: 1.42; 95% CI: 0.95-2.12; p=0.09) for the piper-
acillin—tazobactam and cefepime monotherapy arms, respectively,
in a noninferiority MITT analysis [s2]. Clinical response favored
piperacillin—tazobactam (57.7%) at a 72-h assessment compared
with cefepime (48.3%; p = 0.04). Treatment failures were noted
to be lower among piperacillin—tazobactam recipients compared
with those receiving cefepime (51.7 vs 61.2%; OR: 0.68; 95%
CI: 0.48-0.96; p = 0.027). Multivariate analysis observed allo-
cation to piperacillin—tazobactam predicted treatment success
(OR: 1.65; 95% CI: 1.04-2.64; p = 0.0354) [821.

Piperacillin—tazobactam monotherapy has been evaluated in
previous studies [4]. Two recent studies have evaluated piper-
acillin—tazobactam monotherapy in double-blind, randomized
controlled trials. Del Favero and associates compared piper-
acillin—tazobactam (4.5 g every 8 h) with or without amikacin
(7.5 mg/kg every 12 h) in patients receiving chemotherapy or
autologous bone marrow transplantation due to hematologic or
other malignancies [83]. Overall clinical success (49 vs 53%;
p=0.2; 95% CI: -11%, 3%) and microbiologic success (32%
both arms p = -0.9; 95% CI: -10%, 10%) was similar between
monotherapy and combination therapy, respectively. There
were no differences in time to defervescence, time to failure or
treatment modification between the two groups. A European
Organisation for Research and Treatment of Cancer (EORTC)
study evaluating piperacillin—tazobactam monotherapy with or
without concomitant vancomycin noted no difference in reso-
lution of fever, time to defervescence, treatment modification
or mortality between the two groups [84]. A subsequent ITT
and per protocol analysis confirmed the use of piper-
acillin—tazobactam monotherapy for the empiric management
of the febrile neutropenia [s5].

In summary, although there may be variation in study design
and definitions, clinical outcomes with piperacillin-tazobactam
are generally similar to comparator agents in studies of febrile
neutropenia. Piperacillin—tazobactam may be considered as
effective to comparator agents as monotherapy or in combina-
tion with an aminoglycoside for the empiric management of
the febrile neutropenic patient.

Nosocomial pneumonia

Recent nosocomial pneumonia studies involving piper-

acillin—tazobactam have generally evaluated piperacillin—tazo-
bactam and comparators in combination with an aminoglycoside.

The efficacy of piperacillin—tazobactam versus ceftazidime with
tobramycin in both arms was evaluated in hospitalized patients
with nosocomial pneumonia primarily not admitted to the
intensive care units [86]. In evaluable patients, clinical and
microbiologic success was higher in the piperacillin—tazo-
bactam combination arm compared with the ceftazidime
group, 74 versus 50% (p = 0.006; 95% CI: -42%, -7%) and 65
versus 38% (p = 0.003), respectively (86]. By contrast, the effi-
cacy of piperacillin—tazobactam versus ceftazidime both in
combination with tobramycin in primarily mechanically venti-
lated patients with nosocomial pneumonia was found to be
similar [87). In clinically evaluable patients, the response rate
was 63.9 versus 61.5% (OR: 1.1, 95% CI: 0.44%, 2.75%;
p=0.831) in the piperacillin—tazobactam and ceftazidime
combination groups, respectively [87]. There were no differences
in microbiologic success.

Two recent double-blind, randomized control trials have
compared piperacillin—tazobactam with imipenem. Joshi and
colleagues compared the efficacy of piperacillin-tazobactam
and tobramycin versus imipenem and tobramycin in hospital-
ized patients with nosocomial pneumonia including those on
mechanical ventilation (88]. Clinical efficacy at TOC was simi-
lar between the piperacillin—tazobactam and imipenem groups
in clinically evaluable patients, 68.4 and 60.6% (95% CI:
-6.6%, 22.1%; p=0.256), respectively. Microbiological
response was 64 versus 59% (p = 0.445; 95% CI: -9.3%, 20%)
in the piperacillin—tazobactam and imipenem groups, respec-
tively. Similar comparative efficacy was reported in a study that
was terminated early to due lack of recruitment [89]. Although
not powered for statistical evaluation, the authors concluded
piperacillin—tazobactam and imipenem were equally effective in
the treatment of severe nosocomial pneumonia [89].

In summary, current comparative studies support the use of
piperacillin—tazobactam in combination with an aminoglyco-
side for the treatment of nosocomial pneumonia. The clinical
efficacy of piperacillin—tazobactam was similar to comparator
agents in hospitalized patients and those on mechanical
ventilation with nosocomial pneumonia.

Adverse effects
Piperacillin—tazobactam is generally a well-tolerated antibiotic.
The most common adverse effects associated with piper-
acillin—tazobactam reported in clinical studies were gastro-
intestinal or dermatologic reactions [4,49]. Recent studies com-
paring piperacillin—tazobactam and ertapenem demonstrated
no significant difference in the safety and tolerability of both
treatment groups [71,73,77,90). The incidence of one or more
clinical adverse effects reported was 23.3% in the piper-
acillin—tazobactam group and 23.2% in the ertapenem group
[91]. Adverse effects reported in both treatment groups included
diarrhea, infused vein reaction, nausea and headache, most of
which were considered mild or moderate (TABLE 8) [91].

Diarrhea was the most common gastrointestinal symptom
associated with piperacillin—tazobactam reported in clinical
trials [449]. Other gastrointestinal adverse effects include
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Table 8. Adverse effects of piperacillin—tazobactam
versus ertapenem.

Adverse effect Piperacillin- Ertapenem
tazobactam (n = 802)*
(n = 774)*
Diarrhea 7.0(12.1) 5.0(10.3)
Infused vein 5.5(7.9) 45(7.1)
complication
Nausea 3.4 (8.7) 2.5(8.5)
Headache 1.2 (5.4) 1.9 (5.6)
Phlebitis/ 1.3(2.7) 1.6 (1.9)
thrombophlebitis
Pruritus 1.2 (2.6) 1.2 (2.0)
Rash 1.8 (3.1) 1.1 (2.5)
Abdominal pain 0.5 (4.8) 0.7 (3.6)
Vomiting 1.7 (5.3) 0.9 (3.7)
Oral candidiasis 1.2 (1.3) 0.1 (0.1)
Vaginitis 0.7 (1.0) 0.9 (1.4)

Adapted from [91].

*Incidence (%) of adverse effects occurring with a frequency of at least 1%
during the study therapy plus the 14-day follow-up in patients receiving either
piperacillin-tazobactam or ertapenem, which were considered by the
investigator to be possibly, probably or definitely related to the study drug
therapy. The values in parentheses are those that were reported without regards
to the relation to the study therapy.

constipation, nausea and vomiting (76,77,91,92]. Generally, the inci-
dence of gastrointestinal adverse effects appear similar between
piperacillin—tazobactam and other comparative agents [71,72.76,82]
depending on the clinical trial and population evaluated.

Skin rash was the most common dermatologic adverse effect
associated with piperacillin—tazobactam (4,82,85]. Local infusion-
related reactions such as pain, phlebitis and erythema are also
common adverse events that have been observed [4]. Neurologic
adverse effects have included headaches and insomnia 4]. Other
adverse effects reported have included transient, mild-to-
moderate elevation of aminotransferase levels and positive
Coomb’s tests [4]. Infrequent neutropenia, elevated eosinophil
and platelet counts, hypokalemia and elevated bleeding times
have also been observed [4].

Development of pseudomembranous colitis has been
reported in patients treated with piperacillin—tazobactam [4,80].
It has been suggested that use of piperacillin—tazobactam may
decrease the risk or prevalence of Clostridium difficile diarrhea
(CDD) [93-95]. Two studies reported increased CDD rates by
200% or more during a recent shortage of piperacillin—tazo-
bactam and resultant change in antibiotic utilization [93,94]. By
contrast, Mendez and colleagues reported that CDD rates at
their institution decreased by 47% during the same piper-
acillin—tazobactam shortage [96]. It is unclear precisely why

Piperacillin-tazobactam

piperacillin—tazobactam is less likely to cause CDD or whether
piperacillin—tazobactam may affect rates of CDD in the presence
of other interventions (e.g., changes in antibiotic prescribing,
infection control practices, environmental cleaning etc.).

Drug interactions

As with other penicillin antibiotics, the coadministration of
piperacillin with aminoglycoside antibiotics can lead to the
inactivation of the aminoglycoside [11]. The recent reformula-
tion of piperacillin—tazobactam with EDTA has increased
compatibility 77 vitro with amikacin and gentamicin, allowing
for simultaneous Y-site infusion [11]. The new formulation is
not compatible with tobramycin for coadministration through
Y-site infusion [11].

Since piperacillin and tazobactam are both excreted through
renal tubular secretion, there is an interaction with probenecid,
which is also eliminated through the same mechanism [44).
Administration of a single dose of probenecid 1000 mg 1h
before infusion of piperacillin—tazobactam resulted in reduction
of piperacillin and tazobactam renal clearance by 21 and 71%,
respectively (44]. There is some evidence suggesting that piper-
acillin—tazobactam may decrease the clearance of methotrexate
(MTX). Animal studies have shown that the concomitant
administration of MTX with piperacillin—tazobactam leads to an
increase in mean residence time and AUC values of MTX due to
a decrease in the total body clearance [97]. High sustained MTX
concentrations were reported in a patient receiving MTX and
piperacillin—tazobactam that declined upon discontinuation of
piperacillin—tazobactam [98]. MTX concentrations and signs and
symptoms of toxicity should be closely monitored when piper-
acillin—tazobactam is given concurrently. Similar to other anti-
biotics, coagulation parameters should be monitored regularly
when piperacillin—tazobactam is administered to patients
receiving anticoagulants or antiplatelet agents [11].

Pharmacoeconomics

Due to the growing cost of antibiotic use, pharmacoeconomic
evaluations of antibiotic treatments are becoming increasingly
important. As well as the drug acquisition costs, there are many
other factors of the drug processing and administration process
that contribute to the total cost of antibiotic therapy [4,99].
Some of these additional costs include pharmacy preparation
time, nursing time, cost of materials required for the drug prep-
aration and administration, maintenance of the intravenous
site, waste disposal as well as therapeutic drug monitoring [99].
While drug acquisition costs may not change, other factors
such as drug preparation, administration method and dosage
frequency could be influenced to reduce the total costs associ-
ated with therapy. The pharmacoeconomic considerations of
piperacillin—tazobactam in relation to data published before
2000 has been previously discussed [4].

The use of continuous infusion of piperacillin—tazobactam
compared with intermittent administration has been widely
published by investigators from Hartford Hospital in the USA
(43,100-102]. In addition to pharmacodynamic optimization,
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proposed advantages include decreased drug, preparation and
administration, and labor (nursing and pharmacy) costs. A
time—-motion study suggested that depending on the compara-
tive total daily dose of piperacillin—tazobactam administered
intermittently, continuous infusion was more cost efficient on a
daily, 5- or 10-day course [100,101]. Depending on the admixture
system (e.g., vials vs ADD-Vantage®), the cost differential
between intermittent administration and continuous infusion
decreased if the total daily dose was the same between the two
groups. Estimated nursing time freed up for other patient care
activities was 12.7-17.4 min/patient/day [100,101]. By contrast, a
pharmacoeconomic analysis [102] of a comparative trial of
continuous infusion versus intermittent administration of piper-
acillin—tazobactam (total 13.5 g/day) in patients with compli-
cated intra-abdominal infections [65] did not identify any cost
savings between the two administration methods. In addition,
potential supply and personnel cost savings did not translate
economically in favor of continuous infusion [102]. Although
promising, there is insufficient evidence to support continuous
infusion as a replacement for intermittent administration at this
time [103]. Other considerations limiting continuous infusion
include drug interactions, number of concomitant medications
and limited intravenous access [63]. As previously indicated,
other intermittent administration methods have been proposed
to optimize piperacillin—tazobactam pharmacodynamics [58,63].

A few clinical trials have examined the costs associated with
piperacillin—tazobactam with comparators for treatment of var-
ious infections. When piperacillin—tazobactam was compared
with ceftazidime, direct and indirect costs of treatment were the
same for both regimens [80]. In patients receiving ceftriaxone
and gentamicin, the cost of antibiotic treatment was 2.5-times
higher than those receiving piperacillin—tazobactam due to the
lower use of second- and third-line antibiotics as well as fewer
febrile treatment days in the latter group [104]. Dietrich and
colleagues using a cost—efficacy analysis of 19 published clinical
trials comparing piperacillin—tazobactam with imipenem—cilas-
tatin found piperacillin—tazobactam to be more cost effective as
patients had fewer relapses and lower daily costs [105].

Conclusion

Piperacillin—tazobactam is a B-lactam/f-lactamase inhibitor
combination that offers broad spectrum of coverage against
Gram-positive and -negative aerobic and anaerobic bacteria,
including P aeruginosa. The addition of tazobactam to piper-
acillin has enhanced its stability against a wide range of B-lacta-
mase enzymes. Resistance challenges remain with ESBL-
producing bacteria such as Klebsiella spp. and E. coli. Piper-
acillin—tazobactam is not recommended for the treatment of
infections caused by ESBL-producing Klebsiella spp. and
E. coli. Although piperacillin—tazobactam has been used clini-
cally for some time, limited resistance has developed to this
agent. Piperacillin—tazobactam has recently been reformulated
to include EDTA and sodium citrate; this new formulation has
been shown to be compatible in virro with gentamicin and
amikacin, allowing for simultaneous Y-site infusion, but not

with tobramycin. Clinical trials have demonstrated the effective-
ness of piperacillin—tazobactam for the treatment of patients
with intra-abdominal infections, gynecological infections, noso-
comial pneumonia, complicated skin and skin structure infec-
tions and febrile neutropenic patients. Clinical trials have shown
piperacillin—tazobactam to be equivalent to relevant comparator
antibiotics for the treatment of intra-abdominal, complicated
skin and skin structure and gynecological infections. Piperacillin
has an excellent safety and tolerability profile with the most
common adverse effects being mild-to-moderate gastrointestinal
symptoms. Piperacillin—tazobactam remains a reliable choice for
the empiric treatment of moderate-to-severe infections, includ-
ing potentially polymicrobial infections and febrile neutropenic
patients.
piperacillin—tazobactam will make it the new standard.

The advantages of the new formulation of

Expert commentary & five-year view
While the addition of tazobactam to piperacillin has increased its
stability towards certain B-lactamase enzymes (e.g., TEM-1),
some isolates of ESBL-producing Klebsiella spp. and E. coli are
resistant in vitro, as are all Gram-negative bacilli expressing
AmpC. Piperacillin—tazobactam has recently been reformulated
with EDTA allowing for greater convenience of administration
with the aminoglycosides amikacin and gentamicin, which were
previously incompatible for coadministration. The use of contin-
uous-infusion administration of piperacillin—tazobactam is of
interest from both pharmacodynamic and pharmacoeconomic
perspectives. Clinical trials have demonstrated the benefit of
administering piperacillin—tazobactam by continuous infusion
over a 24-h period as this allows for optimization of B-lactam
pharmacodynamic proerties (maximum T ;). With regards to
pharmacoeconomics, the use of continuous infusion has shown
cost—effectiveness compared with intermittent infusion adminis-
tration due to a decrease in both drug acquisition costs as well as
other related drug administration costs. Further pharmacoeco-
nomic studies will providemore information on the applicability
of this type of administration to individual institutional settings.
Some questions regarding piperacillin—tazobactam remain to
be answered in the years to come and include:

* Will we see increased use of continuous infusion, prolonged
intermittent infusion or high-dose administration to opti-
mize cost efficiency and pharmacodynamics over traditional
intermittent administration?

* Will the new reformulated piperacillin—tazobactam with
EDTA contribute to enhancement and further flexibility of
administration with aminoglycosides allowing for greater
convenience in combination therapy?

* Will the use of piperacillin—tazobactam increase over that of
cefotaxime in the elderly population as an increase in

C. difficile has been with

piperacillin—tazobactam use in this population?

rates not observed

* Will we observe greater levels of AmpC and ESBL-producing

organisms leading to elevated resistance rates for

piperacillin—tazobactam as well as other antibiotics?
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Key issues

® Piperacillin-tazobactam has broad-spectrum antimicrobial activity including Gram-positive and -negative aerobic and anaerobic

bacteria; piperacillin-tazobactam's spectrum of activity includes Pseudomonas aeruginosa, however, its inconsistent activity against
extended-spectrum B-lactamase-producing Gram-negative bacilli and AmpC-producing bacteria is an issue.

aminoglycosides amikacin and gentamicin.

and well-tolerated antibiotic.

® Piperacillin-tazobactam has been reformulated with ethylenediaminetetraacetic acid to allow for Y-site administration with the

® Piperacillin-tazobactam maintains an important role in the treatment of moderate-to-severe polymicrobial infections and is a safe

References

Papers of special note have been highlighted as:
* of interest

1

of considerable interest

Lee N, Yuen KY, Kumana CR. Clinical role of
B-lactam/pB-lactamase inhibitor combinations.

Drugs 63(14), 1511-1524 (2003).

Van der Auwera B, Duchateau V, Lambert C
et al. Ex vivo pharmacodynamic study of
piperacillin alone and in combination with
tazobactam, compared with ticarcillin plus
clavulanic acid. Antimicrob. Agents Chemother.

37(9), 18601868 (1993).
Samaha-Kfoury JN, Araj GF Recent

developments in B lactamases and extended
spectrum B lactamases. Br. Med. J. 327(7425),
1209-1213 (2003).

Excellent review of B-lactamases.

Perry CM, Markham A.
Piperacillin/tazobactam: an updated review of
its use in the treatment of bacterial infections.

Drugs 57(5), 805-843 (1999).

Jacoby GA, Munoz-Price LS. The new
B-lactamases. N. Engl. J. Med. 352(4),
380-391 (2005).

Excellent review of B-lactamases.

Nathwani D, Wood M]J. Penicillins.
A current review of their clinical
pharmacology and therapeutic use. Drugs

45(6), 866-894 (1993).

Essack SY. The development of B-lactam
antibiotics in response to the evolution of
B-lactamases. Pharm. Res. 18(10), 1391-1399
(2001).

Aronoff SC, Jacobs MR, Johenning S,
Yamabe S. Comparative activities of the
B-lactamase inhibitors YTR 830, sodium
clavulanate, and sulbactam combined with
amoxicillin or ampicillin. Antimicrob. Agents

Chemother. 26(4), 580-582 (1984).

Kuck NA, Jacobus NV, Petersen PJ,

Weiss WJ, Testa RT. Comparative /2 vitro and
in vivo activities of piperacillin combined with
the B-lactamase inhibitors tazobactam,
clavulanic acid, and sulbactam. Antimicrob.
Agents Chemother. 33(11), 1964-1969
(1989).

10

11

12

14

15

16

20

Yang Y, Rasmussen BA, Shlaes DM. Class A
B-lactamases — enzyme-inhibitor interactions
and resistance. Pharmacol. Ther. 83(2),
141-151 (1999).

Wyeth Pharmaceuticals. Zosyn® Product
Monograph. Wyeth Pharmaceuticals Inc.,
PA, USA (2006).

Wilke MS, Lovering AL, Strynadka NC.
B-lactam antibiotic resistance: a current
structural perspective. Curr. Opin. Microbiol.

8(5), 525-533 (2005).

Fisher JE Meroueh SO, Mobashery S.
Bacterial resistance to B-lactam antibiotics:
compelling opportunism, compelling
opportunity. Chem. Rev. 105(2), 395-424
(2005).

Grebe T, Hakenbeck R. Penicillin-binding
proteins 2b and 2x of Streptococcus
preumoniae are primary resistance
determinants for different classes of B-lactam
antibiotics. Antimicrob. Agents Chemother.

40(4), 829-834 (1996).

Tida K, Hirata S, Nakamuta S, Koike M.
Inhibition of cell division of Escherichia coli
by a new synthetic penicillin, piperacillin.
Antimicrob. Agents Chemother. 14(2),
257-266 (1978).

Botta GA, Park JT. Evidence for involvement
of penicillin-binding protein 3 in murein
synthesis during septation but not during cell
elongation. /. Bacteriol. 145(1), 333-340
(1981).

Morikawa Y, Kitazato M, Mitsuyama J ez al.
In vitro activities of piperacillin against
B-lactamase-negative ampicillin-resistant
Haemophilus influenzae. Antimicrob. Agents
Chemother. 48(4), 1229-1234 (2004).

Poole K. Resistance to B-lactam antibiotics.
Cell. Mol. Life Sci. 61(17), 22002223
(2004).

Poole K. Efflux-mediated antimicrobial
resistance. /. Antimicrob. Chemother. 56(1),
20-51 (2005).

Masterton RG, Turner PJ. Trends in
antimicrobial susceptibility in UK centres:
the MYSTIC Programme (1997-2002). Int.
J. Antimicrob. Agents 27(1), 69—72 (2006).

21

22

23

24

25

26

27

28

Jones RN, Pfaller MA. Antimicrobial
activity against strains of Escherichia coli
and Klebsiella spp. with resistance
phenotypes consistent with an extended-
spectrum B-lactamase in Europe. Clin.

Microbiol. Infect. 9(7), 708-712 (2003).

Ambrose PG, Bhavnani SM, Jones RN.
Pharmacokinetics—pharmacodynamics of
cefepime and piperacillin—tazobactam
against Escherichia coli and Klebsiella
pneumoniae strains producing extended-
spectrum B-lactamases: report from the
ARREST program. Antimicrob. Agents
Chemother. 47(5), 1643-1646 (2003).

Puerto AS, Fernandez ]G,

del Castillo Jde D, Pino MJ, Angulo GP.
In vitro activity of B-lactam and non-B-
lactam antibiotics in extended-spectrum
B-lactamase-producing clinical isolates of
Escherichia coli. Diagn. Microbiol. Infect.
Dis. 54(2), 135-139 (2000).

Ramphal R, Ambrose PG. Extended-
spectrum B-lactamases and clinical
outcomes: current data. Clin. Infect. Dis.

42(Suppl. 4), 164-172 (2006).

Paterson DL, Bonomo RA. Extended-
spectrum B-lactamases: a clinical update.
Clin. Microbiol. Rev. 18(4), 657-686
(2005).

Burgess DS, Hall RG 2nd. I vitro killing
of parenteral B-lactams against standard and
high inocula of extended-spectrum
B-lactamase and non-ESBL producing
Klebsiella pneumoniae. Diagn. Microbiol.
Infect. Dis. 49(1), 41-46 (2004).

Philippon A, Arlet G, Jacoby GA. Plasmid-
determined AmpC-type B-lactamases.
Antimicrob. Agents Chemother. 46(1), 1-11
(2002).

Bethel CR, Hujer AM, Helfand MS,
Bonomo RA. Exploring the effectiveness of
tazobactam against ceftazidime resistant
Escherichia coli: insights from the
comparison between susceptibility testing
and B-lactamase inhibition. FEMS
Microbiol. Lett. 234(1), 99-103 (2004).

www.future-drugs.com

379



Gin, Dilay, Karlowsky, Walkty, Rubinstein & Zhanel

29  Kadima TA, Weiner JH. Mechanism of Americas: resistance implications in the 48 Kinzig M, Sorgel E Brismar B, Nord CE.
suppression of piperacillin resistance in treatment of serious infections. MYSTIC Pharmacokinetics and tissue penetration of
enterobacteria by tazobactam. Antimicrob. Study Group (Americas). J. Antimicrob. tazobactam and piperacillin in patients
Agents Chemother. 41(10), 2177-2183 Chemother. 46(Suppl. T2), 25-37 (2000). undergoing colorectal surgery. Antimicrob.
(1997) 38 Livermore DM, Carter M\W, Bagel S etal Agé’nl’f Chemother. 36(9), 1997-2004

30  Rybkine T, Mainardi JL, Sougakoff W, In vitro activities of ertapenem (MK-0826) (1992).

Collatz E, Gutmann L. Penicillin-binding against recent clinical bacteria collected in 49 Bryson HM, Brogden RN.

protein 5 sequence alterations in clinical Europe and Australia. Antimicrob. Agents Piperacillin/tazobactam. A review of its
isolates of Enterococcus faecium with different Chemother. 45(6), 1860-1867 (2001). antibacterial activity, pharmacokinetic
levels of B-lactam resistance. /. Infect. Dis. 39 Jones RN, Sader HS, Beach ML. properties and therapeutic potential. Drugs
178(1), 159-163 (1998). Contemporary in vitro spectrum of activity 47(3), 506-535 (1994).

31 Palmer SM, Rybak MJ. An evaluation of the summary for antimicrobial agents tested 50 Welling PG, Craig WA, Bundtzen RW ¢z al.
bactericidal activity of ampicillin/sulbactam, against 18569 strains non-fermentative Pharmacokinetics of piperacillin in subjects
piperacillin/tazobactam, imipenem or Gram-negative bacilli isolated in the with various degrees of renal function.
nafcillin alone and in combination with SENTRY Antimicrobial Surveillance Antimicrob. Agents Chemother. 23(6),
vancomycin against methicillin-resistant Program (1997-2001). Int. J. Antimicrob. 881-887 (1983).

Smp/ay/ac.occt.ﬂ aureus (MRSA) in time—kill Agents 22(6), 551-556 (2003). 51 Westphal JE Brogard JM, Caro-Sampara F

curv es.w1'th infected fibrin clots. 40  Hoellman DB, Kelly LM, Jacobs MR, et al. Assessment of biliary excretion of

J- Antimicrob. Chemother. 39(4), 515-518 Appelbaum PC. Comparative antianaerobic piperacillin—tazobactam in humans.

(1997). activity of BMS 284756. Antimicrob. Agents Antimicrob. Agents Chemother. 41(8),

32 Rice LB, Carias LL, Hujer AM et 4l. Chemother. 45(2), 589592 (2001). 1636-1640 (1997).

High-level expression of chromosomally 41 Roberts SA, Shore KP, Paviour SD, 52 Sorgel E Kinzig M. The chemistry,

encoded SHV-1 .B-lactamase and an outer Holland D, Morris AJ. Antimicrobial pharmacokinetics and tissue distribution of

memt')ra'me protein chan.ge' confer fesistance to susceptibility of anaerobic bacteria in New piperacillin/tazobactam. J. Antimicrob.

ce.ft'fmdl.me and pip eraf:ﬂlm—tazobac‘tam mna Zealand: 1999-2003. /. Antimicrob. Chemother. 31(Suppl. A), 39-60 (1993).

clinicalisolace of Kiebsiela pneumoni. Chemother. 57(5), 992-998 (2006). 53 Aronoff GR, Sloan RS, Brier ME, Luft FC.

Antimicrob. Agents Chemother. 44(2), . . - . 1 s

362-367 (2000) 42 Auclair B, Ducharme MP. Piperacillin and The effect of piperacillin dose on elimination
] e tazobactam exhibit linear pharmacokinetics kinetics in renal impairment. Eur. J. Clin.

33 Knengkau.yklat J, Porter E, Lomovskaya O, after multiple standard clinical doses. Pharmacol. 24(4), 543-547 (1983).

Wong-Beringer A. Use of an efflux pump Antimicrob. Agents Chemother. 43(6), 54 Craioc WA,
S . g WA.
inhibitor to determine the prevalence of efflux 1465-1468 (1999) ot :
. . . : Pharmacokinetic/pharmacodynamic
pump-mediated fluoroquinolone resistance . . . . . . .
. . . 43 Li C, Kud JL, Nightingale CH ez 4/. parameters: rationale for antibacterial dosing

and multidrug resistance in Pseudomonas . o . . .

. o Population pharmacokinetics and of mice and men. Clin. Infect. Dis. 26(1),
aeruginosa. Antimicrob. Agents Chemother. b i s of 1-10 (1998)
49(2), 565-570 (2005). g,:fm‘%flf’ . patents with - ‘

. Iperaciiiin/tazobactam in patients wi 55 Turnidge JD. The pharmacodynamics of

3 Johnson DM, B}ed.enba.ch DJ, Jones RN. complicated intra-abdominal infection. ﬁ—lactargns, Clin. Infect. Dis. 27(1), 10-22
Potency and antimicrobial spectrum update J. Antimicrob. Chemother. 56(2), 388-395 (1998)
for piperacillin/tazobactam (2000): emphasis (2005). ’
on its activity against resistant organism *  Patient population 56 Buck C, Bertram N, Ackermann T e 4.
populations and generally untested species pharmacokinetic study. Pharmacokinetics of
causing community-acquired respiratory tract o o piperacillin—tazobactam: intermittent dosing
infections. Diagn. Microbiol. Infect. Dis. 44 Sorgel .Kl.nug M.' Phar.m.acokmetlc versus continuous infusion. /. /.

43(1), 49-60 (2002). characteristics of piperacillin/tazobactam. Antimicrob. Agents 25(1), 62-67 (2005).
Intensive Care Med. 20(Suppl. 3), S14-S20 o

35 Pfaller MA, Jones RN. A review of the i vitro (1994). 57 Burgess DS, Waldrep T. Pharmacokinetics
activity of meropenem and comparative i L and pharmacodynamics of
antimicrobial agents tested against 30,254 4 Occhipind DJ, Eend!and SL, Schoanover L piperacillin/tazobactam when administered
aerobic and anaerobic pathogens isolated etal Pharmacok{netlcs and . by continuous infusion and intermittent
world wide. Diagn. Microbiol. Infect. Dis. p .harmal'a')dynamlcs of two r'nultlple—dose dosing. Clin. Ther. 24(7), 1090-1104
28(4), 157-163 (1997). plpe‘ragllm—tazobactam regimens. (2002).

Antimicrob. Agents Chemother. 41(11), . o

36 Wenzel RR Sahm DEF, Thornsberry C et al. 2511-2517 (1997). 58  Kim MK, Xuan D, Quintiliani R,

In vitro susceptibilities of gram-negative . Nightingale CH, Nicolau DP.
bacteria isolated from hospitalized patients in 46 WiseR, L"ga“ _M’ CooPer M, Andre.ws M. Pharmacokinetic and pharmacodynamic
four European countrics, Canada, and the Pharmacokmetlc.s ;‘md tissue penetration of profile of high dose extended interval
United States in 2000-2001 to expanded- t:%zobac'ta'm adm.ml.stered alone and with piperacillin—tazobactam. /. Antimicrob.
spectrum cephalosporins and comparator pp Zrac;l(l)lgl. Aln(;‘;rzwi’oh lAgmtx Chemother Chemother. 48(2), 259-267 (2001).
antimicrobials: implications for therapy. 35(0), - (1991). *  Excellent pharmacodynamic study of
Antimicrob. Agents Chemother. 47(10), 47 Reed MD, Goldfarb J, Yamashita TS, piperacillin—tazobactam.
3089-3098 (2003). Lemon E, Blumer JL. Single-dose 59 Ong CT, Kuti JL, Nicolau DP

37 Pfaller MA, Jones RN. MYSTIC pharmacokinetics of piperacillin and Pharmacodynamic modeling of
(Meropenem Yearly Susceptibility Test tazo'ba.ctam in infants and children. imipenem-—cilastatin, meropenem, and
Information Collection) results from the Antimicrob. Agents Chemother. 38(12), piperacillin—tazobactam for empiric therapy

2817-2826 (1994).
380 Expert Rev. Anti Infect. Ther. 5(3), (2007)



60

61

62

63

64

65

66

67

68

of skin and soft tissue infections: a report
from the OPTAMA Program. Surg. Infect.
(Larchmy). 6(4), 419—426 (2005).

Kotapati S, Kuti JL, Nicolau DP.
Pharmacodynamic modeling of B-lactam
antibiotics for the empiric treatment of
secondary peritonitis: a report from the
OPTAMA program. Surg. Infect. (Larchmz).
6(3), 297-304 (2005).

Maglio D, Kuti JL, Nicolau DP. Simulation
of antibiotic pharmacodynamic exposure for
the empiric treatment of nosocomial
bloodstream infections: a report from the
OPTAMA program. Clin. Ther. 27(7),
1032-1042 (2005).

Sun HK, Kuti JL, Nicolau DP.
Pharmacodynamics of antimicrobials for the
empirical treatment of nosocomial
pheumonia: a report from the OPTAMA
Program. Crit. Care Med. 33(10),
2222-2227 (2005).

Lodise TP, Lomaestro BM, Drusano GL.
Application of antimicrobial
pharmacodynamic concepts into clinical
practice: focus on B-lactam antibiotics:
insights from the Society of Infectious
Diseases Pharmacists. Pharmacotherapy 26(9),
1320-1332 (20006).

Lodise TP Jr, Lomaestro B, Rodvold KA,
Danziger LH, Drusano GL.
Pharmacodynamic profiling of piperacillin in
the presence of tazobactam in patients
through the use of population
pharmacokinetic models and Monte Carlo
simulation. Antimicrob. Agents Chemother.

48(12), 4718-4724 (2004).

Lau WK, Mercer D, Itani KM et al.

A randomized, open-label, comparative study
of piperacillin/tazobactam administered by
continuous infusion vs. intermittent infusion
for the treatment of hospitalized patients
with complicated intra-abdominal infection.
Antimicrob. Agents Chemother. 50(11),
3556-3561 (20006).

Reese AM, Frei CR, Burgess DS.
Pharmacodynamics of intermittent and
continuous infusion piperacillin/tazobactam
and cefepime against extended-spectrum
B-lactamase-producing organisms. /nt. /.
Antimicrob. Agents 26(2), 114-119 (2005).

Jaccard C, Troillet N, Harbarth S e a/.
Prospective randomized comparison of
imipenem—cilastatin and
piperacillin—tazobactam in nosocomial
pneumonia or peritonitis. Antimicrob. Agents
Chemother. 42(11), 2966-2972 (1998).

Dupont H, Carbon C, Carlet ].
Monotherapy with a broad-spectrum
B-lactam is as effective as its combination
with an aminoglycoside in treatment of
severe generalized peritonitis: a multicenter

69

70

71

72

73

74

75

76

77

randomized controlled trial. The Severe
Generalized Peritonitis Study Group.
Antimicrob. Agents Chemother. 44(8),
2028-2033 (2000).

Maltezou HC, Nikolaidis P, Lebesii E e a/.
Piperacillin/tazobactam versus cefotaxime
plus metronidazole for treatment of children
with intra-abdominal infections requiring
surgery. Eur. J. Clin. Microbiol. Infect. Dis.
20(9), 643646 (2001).

Cohn SM, Lipsett PA, Buchman TG ez 4.
Comparison of intravenous/oral
ciprofloxacin plus metronidazole versus
piperacillin/tazobactam in the treatment of

complicated intraabdominal infections. Ann.
Surg. 232(2), 254-262 (2000).

Solomkin JS, Yellin AE, Rotstein OD et al.
Ertapenem versus piperacillin/tazobactam in
the treatment of complicated intra-
abdominal infections: results of a double-
blind, randomized comparative phase I1I
trial. Ann. Surg. 237(2), 235-245 (2003).
Well conducted clinical trial.

Malangoni MA, Song J, Herrington J,
Choudhri S, Pertel P. Randomized
controlled trial of moxifloxacin compared
with piperacillin—tazobactam and
amoxicillin—clavulanate for the treatment of
complicated intra-abdominal infections.
Ann. Surg. 244(2), 204-211 (2006).

Lipsky BA, Armstrong DG, Citron DM
et al. Ertapenem versus
piperacillin/tazobactam for diabetic foot
infections (SIDESTEP): prospective,
randomised, controlled, double-blinded,
multicentre trial. Lancet 366(9498),
1695-1703 (2005).

Gesser RM, McCarroll KA, Woods GL.
Efficacy of ertapenem against methicillin-
susceptible Staphylococcus aureus in
complicated skin/skin structure infections:
results of a double-blind clinical trial versus
piperacillin—tazobactam. Int. J. Antimicrob.
Agents 23(3), 235-239 (2004).

Siami G, Christou N, Eiseman I, Tack KJ.
Clinafloxacin versus piperacillin—tazobactam
in treatment of patients with severe skin and
soft tissue infections. Antimicrob. Agents

Chemother. 45(2), 525-531 (2001).

Giordano P, Song J, Pertel P, Herrington J,
Kowalsky S. Sequential intravenous/oral
moxifloxacin versus intravenous
piperacillin—tazobactam followed by oral
amoxicillin—clavulanate for the treatment of
complicated skin and skin structure
infection. Inz. J. Antimicrob. Agents 26(5),
357-365 (2005).

Roy S, Higareda I, Angel-Muller E e al.
Ertapenem once a day versus
piperacillin—tazobactam every 6 hours for
treatment of acute pelvic infections:

78

79

80

81

82

83

84

85

86

Piperacillin-tazobactam

a prospective, multicenter, randomized,
double-blind study. /nfect. Dis. Obstet.
Gynecol. 11(1), 27-37 (2003).

Sanz MA, Bermudez A, Rovira M ez al.
Imipenem/cilastatin versus
piperacillin/tazobactam plus amikacin for
empirical therapy in febrile neutropenic
patients: results of the COSTINE study.
Curr. Med. Res. Opin. 21(5), 645-655
(2005).

Rossini E Terruzzi E, Verga L ez al.

A randomized clinical trial of ceftriaxone and
amikacin versus piperacillin tazobactam and
amikacin in febrile patients with
hematological neoplasia and severe
neutropenia. Support Care Cancer 13(6),
387-392 (2005).

Harter C, Schulze B, Goldschmidt H ez 4.
Piperacillin/tazobactam vs ceftazidime in the
treatment of neutropenic fever in patients
with acute leukemia or following autologous
peripheral blood stem cell transplantation:

a prospective randomized trial. Bone Marrow

Transplant. 37(4), 373-379 (2000).

Sanz MA, Lopez ], Lahuerta J] ez 4l.
Cefepime plus amikacin versus
piperacillin—tazobactam plus amikacin for
initial antibiotic therapy in haematology
patients with febrile neutropenia: results of
an open, randomized, multicentre trial.

J. Antimicrob. Chemother. 50(1), 79-88
(2002).

Bow EJ, Rotstein C, Noskin GA ez al.

A randomized, open-label, multicenter
comparative study of the efficacy and safety
of piperacillin—tazobactam and cefepime for
the empirical treatment of febrile neutropenic
episodes in patients with hematologic
malignancies. Clin. Infect. Dis. 43(4),
447-459 (20006).

Del Favero A, Menichetti F, Martino P ez 4/.
A multicenter, double-blind,
placebo-controlled trial comparing
piperacillin—tazobactam with and without
amikacin as empiric therapy for febrile
neutropenia. Clin. Infect. Dis. 33(8),
1295-1301 (2001).

Cometta A, Kern WV, De Bock R ¢z 4l.
Vancomycin versus placebo for treating
persistent fever in patients with neutropenic
cancer receiving piperacillin—tazobactam
monotherapy. Clin. Infect. Dis. 37(3),
382-389 (2003).

Viscoli C, Cometta A, Kern WV ez al.
Piperacillin—tazobactam monotherapy in
high-risk febrile and neutropenic cancer
patients. Clin. Microbiol. Infect. 12(3),
212-216 (20006).

Joshi M, Bernstein ], Solomkin J, Wester BA,
Kuye O. Piperacillin/tazobactam plus
tobramycin versus ceftazidime plus

www.future-drugs.com

381



Gin, Dilay, Karlowsky, Walkty, Rubinstein & Zhanel

tobramycin for the treatment of patients with
nosocomial lower respiratory tract infection.
Piperacillin/tazobactam Nosocomial
Pneumonia Study Group. /. Antimicrob.

cefotaxime or piperacillin—tazobactam.
Aliment. Pharmacol. Ther. 12(12),
1217-1223 (1998).

106

CLSI. Perfomance Standards for
Antimicrobial Susceptibility Testing;
Sixteenth Informational Supplement,
M100-S16. CLSI, PA, USA (20006).

96  Mendez MN, Gibbs L, Jacobs RA et al.

Chemother. 43(3), 389-397 (1999). Impact of a piperacillin—tazobactam 107 Rhomberg PR, Jones RN. Antimicrobial

¢ Piperacil.lil?—tazobacta.m was superior shortage on antimicrobial prescribing and spectrum of activity for meropenem and nine
to ceftazidime. the rate of vancomycin-resistant enterococci broad spectrum antimicrobials: report from

87  Alvarez-Lerma F, Insausti-Ordenana J, and Clostridium difficile infections. the MYSTIC Program (2002) in North
Jorda-Marcos R et al. Efficacy and Pharmacotherapy 26(1), 61-67 (2006). America. Diagn. Microbiol. Infect. Dis. 47(1),
tolerability of piperacillin/tazobactam versus 97  Najjar TA, Abou-Auda HS, Ghilzai NM. 365-372 (2003).
cefta.zidime in ass?ciation With. a[lnil.iacin .for Influence of piperacillin on the 108 Pelak BA, Bartizal K, Woods GL,
treating nosocomial pneumonia in intensive pharmacokinetics of methotrexate and Gesser RM, Motyl M. Comparative [ vitro
care patients: a prospective randomized 7-hydroxymethotrexate. Cancer Chemother. activities of ertapenem against aerobic and
multicenter trial. ntensive Care Med. 27(3), Pharmacol. 42(5), 423428 (1998). facultative bacterial pathogens from patients
493-502 (2001). 98  Zarychanski R, Wlodarczyk K, Ariano R with complicated skin and skin structure

88 Joshi M, Metzler M, McCarthy M ez al. Bow E. Pharm;cokinetic inter;ction ' infections. Diagn. Microbiol. Infect. Dis.
Comparison of piperacillin/tazobactam and between methotrexate and 43(2), 129-133 (2002).
imipenem/cilastatin, both in combination piperacillin/tazobactam resulting in 109 Rhomberg PR, Jones RN, Sader HS,
with tobramycin, administered every 6h for prolonged toxic concentrations of Fritsche TR. Antimicrobial resistance rates
treatment of nosocomial pneumonia. Respir. methotrexate. /. Antimicrob. Chemother. and clonality results from the Meropenem
Med. 100(9), 1554-1565 (2006). 58(1), 228-230 (2006). Yearly Susceptibility Test Information

89 Schmitt DV, Leitner E, Welte T, Lode H. 99 Hotchkies L, Grima DT, Hedayati S. The Collection (MYSTIC) programme: report of
Piperacillin/tazobactam vs total process cost of parenteral antibiotic year five (2003). Diagn. Microbiol. Infect. Dis.
imipenem/cilastatin in the treatment of therapy: beyond drug acquisition cost. Clin. 49(4), 273-281 (2004).
nosocomial peumeonia —a double blind Ther. 18(4), 716-725 (1996). 110 Bouchillon SK, Hoban DJ, Johnson BM
prospective multicentre study. nfection 100 Florea NR, Kotapati S, Kuti JL er al, Cost et al. In vitro activity of tigecycline against
34(3), 127-134 (2000). analysis of continuous versus intermittent 3989 Gram-negative and Gram-positive

90  Graham DR, Lucasti C, Malafaia O ez a/. infusion of piperacillin—tazobactam: clinical isolates from the United States
Ertapenem once daily versus a time-motion study. Am. J. Health Syst. Tigecycline Evaluation and Surveillance Trial
piperacillin—tazobactam 4 times per day for Pharm. 60(22), 2321-2327 (2003). (TEST Program; 2004). Diagn. Microbiol.
treatment of complicated skin and skin- . . . Infect. Dis. 52(3), 173-179 (2005).
structure infections in adults: results of a 101 Korapati $, Kud JL, Geissler EC, :

. . . Nightingale CH, Nicolau DP. The clinical 111 Bassetti M, Dembry LM, Farrel PA,
prospective, randomlz.ed, double—'b lind and economic benefits of administering Callan DA, Andriole VT. Antimicrobial
T;L;lgfir;tg; s(tzlt)doyz)C/m Infect. Dis. 34(11), piperacillin—tazobactam by continuous activities of BMS?284756 compared with

infusion. Intensive Crit. Care Nurs. 21(2), those of fluoroquinolones and B-lactams
91 Teppler H, Gesser RM, Friedland IR ez 4l. 87-93 (2005). against gram-positive clinical isolates.
Safety and tolerability of ertapenem. . Antimicrob. Agents Chemother. 46(1),
J. Antimicrob. Chemother. 53(Suppl. 2), 102 gzijl: i}?c’oll(:;l I% II‘)’ llj\flzlrlr;ﬁaecl:e]c)(;nomics 234-238 (2002).
ii75-ii81 (2004). of continuous versus intermittent infusion 112 Dembry LM, Roberts JC, Schock KD ez 4.
92 Ohlin B, Cederberg A, Forssell H, of piperacillin—tazobactam for the Comparison of 7 vitro activity of
Solhaug JH, Tveit E. treatment of complicated intraabdominal trovafloxacin against gram-positive and gram-
Piperacillin/tazobactam compared with infection. Am. J. Health Syst. Pharm. 63(8), negative organisms with quinolones and
cefuroxime/metronidazole in the treatment 750-755 (2006). B-lactam antimicrobial agents. Diagn.
(1)215[1(t9r)a, —;l;iigléza(l;;;;c)t’lons. Eur. . Surg 103 Frei CR, Burgess DS. Continuous infusion ?14;59;’;?'101. Infeer. Dis. 31(1), 301-311
B-lactams for intensive care unit pulmonary
93 Wilcox MH, Freeman J, Fawley W et al. infections. Clin. Microbiol. Infect. 11(5), 113 Pelak BA, Citron DM, Motyl M et al.
Long-term surveillance of cefotaxime and 418-421 (2005). Comparative 77 vitro activities of ertapenem
piperacillin—tazobactam prescribing and . against bacterial pathogens from patients
incidence of Clostridium difficile dii;irrhoea. 104 G.orschl.u‘ter M, Hahn C’, Fixson A ez ‘,d' vfith acute pelvic infecfion. J. Antimicrob.
J. Antimicrob. Chemother. 54(1), 168—172 Pip eracﬂh.nftazobactam 1s more e.ffectlv? Chemother. 50(5), 735-741 (2002).
(2004). than ceftrltelxone. plus gf.:ntarnlcm in ffzbrlle ] ’
neutropenic patients with hematological 114 Goldstein EJ, Citron DM,
94 Alston WK, Ahern JW. Increase in the rate malignancies: a randomized comparison. Vreni Merriam C, Warren Y, Tyrrell KL.
of nosocomial Clostridium difficile-associated Support Care Cancer 11(6), 362-370 Comparative 77 vitro activities of ertapenem
diarrhoea during shortages of (2003). (MK-0826) against 1,001 anaerobes isolated
piperacillin—tazobactam and piperacillin. L from human intra-abdominal infections.
. Antimicrob. Chemother. 53(3), 549-550 105 Dietrich ES, Schubert B, Ebner W, Antimicrob. Agents Chemother. 44(9),
(2004). Daschner E C.lost ef.ﬁc.acy of 23892394 (2000).
tazobactam/piperacillin versus
95  Settle CD, Wilcox MH, Fawley WN, imipenem/cilastatin in the treatment of 115 Fritsche TR, Sader HS, Jones RN.
Corrado OJ, Hawkey PM. Prospective study intra-abdominal infection. Comparative activity and spectrum of broad-
of the risk of Clostridium difficile diarrhoea Pharmacoeconomics 19(1), 79-94 (2001). spectrum B-lactams (cefepime, ceftazidime,
in elderly patients following treatment with ceftriaxone, piperacillin/tazobactam) tested
382 Expert Rev. Anti Infect. Ther. 5(3), (2007)



116

117

118

119

12(

121

122

124

against 12,295 staphylococci and
streptococci: report from the SENTRY
antimicrobial surveillance program (North
America: 2001-2002). Diagn. Microbiol.
Infect. Dis. 47(2), 435-440 (2003).

Hoban DJ, Bouchillon SK, Johnson JL ez 4.
Comparative i vitro potency of
amoxycillin—clavulanic acid and four oral
agents against recent North American
clinical isolates from a global surveillance
study. Int. J. Antimicrob. Agents 21(5),
425-433 (2003).

Watanabe A, Tokue Y, Takahashi H ez a/.
Comparative in-vitro activity of carbapenem
antibiotics against respiratory pathogens
isolated between 1999 and 2000. J. Infect.
Chemother. 7(4), 267-271 (2001).

Ueda Y, Kanazawa K, Eguchi K ez al. In vitro
and 7z vivo antibacterial activities of
SM-216601, a new broad-spectrum
parenteral carbapenem. Antimicrob. Agents

Chemother. 49(10), 4185-4196 (2005).

Blondeau JM, Laskowski R, Borsos S.
In-vitro activity of cefepime and seven other
antimicrobial agents against 1518 non-
fermentative Gram-negative bacilli collected
from 48 Canadian health care facilities.
Canadian Afermenter Study Group.

J. Antimicrob. Chemother. 44(4), 545-548
(1999).

Molitoris D, Vaisanen ML, Bolanos M,
Finegold SM. In vitro activities of DX-619
and four comparator agents against 376
anaerobic bacterial isolates. Antimicrob.

Agents Chemother. 50(5), 1887-1889 (20006).

Sader HS, Fritsche TR, Kaniga K, Ge Y,
Jones RN. Antimicrobial activity and
spectrum of PPI-0903M (T-91825), a novel
cephalosporin, tested against a worldwide
collection of clinical strains. Anzimicrob.

Agents Chemother. 49(8), 3501-3512 (2005).

Bell JM, Turnidge JD. Multicentre study of
the in vitro activity of cefepime, a broad-
spectrum cephalosporin, compared to other
broad-spectrum agents. Pathology 33(1),
53-60 (2001).

Nijssen S, Florijn A, Bonten MJ et 4l.
B-lactam susceptibilities and prevalence of
ESBL-producing isolates among more than
5000 European Enterobacteriaceae isolates.
Int. J. Antimicrob. Agents 24(6), 585-591
(2004).

Rennie RB, Jones RN, Mutnick AH.
Occurrence and antimicrobial susceptibility
patterns of pathogens isolated from skin and
soft tissue infections: report from the
SENTRY Antimicrobial Surveillance
Program (United States and Canada, 2000).
Diagn. Microbiol. Infect. Dis. 45(4), 287-293
(2003).

125

126

127

128

129

130

131

132

133

134

135

Fung-Tomc ], Bush K, Minassian B e /.
Antibacterial activity of BMS-180680, a
new catechol-containing monobactam.
Antimicrob. Agents Chemother. 41(5),
1010-1016 (1997).

Koga T, Abe T, Inoue H ez al. In vitro and
in vivo antibacterial activities of CS-023
(RO4908463), a novel parenteral
carbapenem. Antimicrob. Agents Chemother.
49(8), 3239-3250 (2005).

Kizirgil A, Demirdag K, Ozden M et 4.
In vitro activity of three different
antimicrobial agents against ESBL
producing Escherichia coli and Klebsiella
pneumoniae blood isolates. Microbiol. Res.
160(2), 135-140 (2005).

NCCLS. Methods for Antimicrobial
Susceptibility Testing of Anaerobic Bacteria;
Approved Standard-NCCLS document M1 1-

A6. 6th Edition. NCCLS, PA, USA (2003).

Hoellman DB, Kelly LM, Jacobs MR,
Appelbaum PC. In vitro anti-anaerobic
activity of the cephalosporin derivative
RWJ 54428, compared to seven other
compounds. Clin. Microbiol. Infect. 8(12),
814-822 (2002).

Hoellman DB, Kelly LM, Credito K ez 4.
In vitro antianaerobic activity of ertapenem
(MK-0826) compared to seven other
compounds. Antimicrob. Agents Chemother.
46(1), 220-224 (2002).

Betriu C, Sanchez A, Palau ML, Gomez M,
Picazo J]. In vitro activities of MK-0826
and 16 other antimicrobials against
Bacteroides fragilis group strains.
Antimicrob. Agents Chemother. 45(8),
2372-2374 (2001).

Aldridge KE. Ertapenem (MK-0826), a
new carbapenem: comparative 7 vitro
activity against clinically significant
anaerobes. Diagn. Microbiol. Infect. Dis.
44(2), 181-186 (2002).

Goldstein EJ, Citron DM, Merriam CV
et al. General microbiology and in vitro
susceptibility of anaerobes isolated from
complicated skin and skin-structure
infections in patients enrolled in a
comparative trial of ertapenem versus
piperacillin—tazobactam. Clin. Infect. Dis.
35(Suppl. 1), S119-S125 (2002).

Wootton M, Bowker KE, Holt HA,
MacGowan AP. BAL 9141, a new broad-
spectrum pyrrolidinone cephalosporin:
activity against clinically significant
anaerobes in comparison with 10 other
antimicrobials. /. Antimicrob. Chemotbher.

49(3), 535-539 (2002).

Behra-Miellet J, Dubreuil L,
Jumas-Bilak E. Antianaerobic activity of
moxifloxacin compared with that of

136

137

138

139

Piperacillin-tazobactam

ofloxacin, ciprofloxacin, clindamycin,
metronidazole and B-lactams. /nt. /.
Antimicrob. Agents 20(5), 366-374 (2002).

Wexler HM, Engel AE, Glass D, Li C.
In vitro activities of doripenem and
comparator agents against 364 anaerobic
clinical isolates. Antimicrob. Agents

Chemother. 49(10), 44134417 (2005).

Nilsson-Ehle I, Hutchison M, Haworth SJ,
Norrby SR. Pharmacokinetics of meropenem
compared to imipenem—cilastatin in young,
healthy males. Eur. J. Clin. Microbiol. Infect.
Dis. 10(2), 85-88 (1991).

Zhanel GG, Johanson C, Embil JM et al.
Ertapenem: review of a new carbapenem.
Expert Rev. Anti Infect. Ther. 3(1), 23-39
(2005).

Chiu LM, Menhinick AM, Johnson PW,
Amsden GW. Pharmacokinetics of
intravenous azithromycin and ceftriaxone
when administered alone and concurrently to
healthy volunteers. /. Antimicrob. Chemother.
50(6), 1075-1079 (2002).

Affiliations

Alfred Gin

Department of Medical Microbiology, Faculty of
Medicine, University of Manitoba, Canada

Tel.: +1204 787 2982

Fax: +1 204 787 3195
agin@exchange.hsc.mb.ca

Leanne Dilay

Faculty of Pharmacy,

University of Manitoba, Canada

Tel.: +1 204 787 2982

Fax: +1 204 787 3195
dilaylj@yahoo.com

James A Karlowsky

Department of Medical Microbiology and
Clinical Microbiology, Faculty of Medicine,
University of Manitoba, Canada

Tel.: +1 204 787 1275

Fax: +1 204 787 4699
Jkarlowsky@hsc.mb.ca

Andrew Walkty

Department of Medical Microbiology, Faculty of
Medicine, University of Manitoba, Canada

Tel.: +1 204 787 1275

Fax: +1 204 787 4699

awalkty@mts.net

Ethan Rubinstein

Department of Medical Microbiology, Faculty of
Medicine, University of Manitoba, Canada

Tel.: +1 204 787 5681

Fax: +1 204 787 3926

erubins@yahoo.com

George G Zhanel

MS 673 Microbiology, Health Sciences Centre,
820 Sherbrook Street, Winnipeg,

Manitoba R3A 1R9, Canada

Tel.: +1 204 787 4902

Fax: +1 204 787 4699

ggzhanel@pcs.mb.ca

www.future-drugs.com

383





