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Ertapenem: review of a
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The carbapenems are B-lactam-type antibiotics with an exceptionally broad spectrum
of activity. Ertapenem is a new carbapenem developed to address the pharmacokinetic
shortcomings (short half-life) of imipenem and meropenem. Ertapenem shares similar
structural features with meropenem, including its stability to dehydropeptidase-1,
allowing it to be administered without a dehydropeptidase-1 inhibitor. Ertapenem, like
imipenem and meropenem, demonstrates broad-spectrum antimicrobial activity against
many Gram-positive and -negative aerobes and anaerobes and is resistant to nearly all
B-lactamases, including extended-spectrum B-lactamases and AmpCs. However, it differs
from both imipenem and meropenem in demonstrating limited activity against
Enterococcus spp., Pseudomonas aeruginosa and other nonfermentative Gram-negative
bacteria commonly associated with nosocomial infections. The extensive protein binding

of ertapenem extends the half-life and allows for once-daily dosing. Prospective,
multicenter, randomized, double-blind, comparative clinical studies demonstrate
similar clinical efficacy of ertapenem compared with other agents. Clinical trials of
complicated intra-abdominal infection, acute pelvic infection, complicated skin and
soft-structure infection, community-acquired pneumonia and complicated urinary tract
infections demonstrated that ertapenem has equivalent efficacy and safety compared
with ceftriaxone and piperacillin/tazobactam. Ertapenem is a promising new
carbapenem with excellent efficacy and safety for the treatment of a variety of
community-acquired infections. It also appears to be of great value as an outpatient

parenteral antimicrobial therapy.
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The carbapenems are B-lactam-type antibiotics
with an exceptionally broad spectrum of activ-
ity involving coverage of Gram-positive and
-negative aerobes and anaerobes, and are stable
to almost all bacterial p-lactamases [1]. The first
carbapenem to be identified in the mid 1970s
was thienamycin, a compound produced by
the soil organism Streptomyces cattleya [2,3].
Thienamycin was highly unstable and there-
fore an N-formimidoyl derivative called imi-
penem was developed [2]. Although imipenem
was stable as a solid and in concentrated solu-
tion, it was rapidly degraded by dehydro-
peptidase (DHP)-1, an enzyme found in the
proximal renal tubules of mammals [24].
Therefore, imipenem must be coadministered
with cilastatin, a DHP-1 inhibitor in order to

be used clinically [21. This addition of cilastatin
is also beneficial in preventing the nephrotox-
icity observed in animals when imipenem is
administered alone [2,4]. The carbapenems cur-
rently available on the market are unstable in
gastric acid and require parenteral administra-
tion [5. Imipenem and cilastatin have similar
half-lifes of approximately 1 h, requiring three
to four daily doses [3]. Another disadvantage of
the imipenem/cilastatin combination is the
increased incidence of seizures observed when
it is used at high doses (e.g., 1 g every 6 h) in
relation to renal function or body weight
and/or in patients with underlying CNS disor-
ders. For this reason imipenem/cilastatin is not
suitable for the treatment of meningitis [3,6].
Meropenem was the second carbapenem
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released for clinical use. It differs from imipenem in being
intrinsically stable to DHP-1 and therefore can be adminis-
tered as a single entity [71. It also has the advantage of being less
likely to cause seizures and, unlike imipenem, it can be used
for infections of the CNS [6]. It has enhanced in vitro activity
against Pseudomonas aeruginosa and other Gram-negative
bacilli compared with imipenem, but is slightly less active
against Gram-positive cocci [5,71. Meropenem also requires
multiple daily dosing (every 8 h), due to its short half-life [1].

Medical need

Two carbapenems, imipenem and meropenem, have been in
clinical use for many years. These agents are both extremely
broad spectrum and are primarily used in hospitals as an
empiric therapy for the treatment of seriously ill patients [7-g].
The current choices for the treatment of polymicrobial (mixed
aerobic and anaerobic) infections include the carbapenems or
combination therapies, all of which require multiple daily dos-
ing [zo1. A new carbapenem with superior pharmacokinetics was
required and ertapenem was developed to fulfil this need. It
shares similar structural features with meropenem, including its
stability to DHP-1, allowing it to be administered without a
DHP-1 inhibitor [11]. Its long half-life, due to extensive protein
binding, allows for once-daily dosing [t21. It has broad-spec-
trum activity, including aerobes and anaerobes, and is resistant
to nearly all p-lactamases; however, its limited activity against
Enterococcus spp., P aeruginosa and other nonfermentative
Gram-negative bacteria makes it ideal for the treatment of com-
munity-acquired infections, but not optimal for infections
caused by nosocomial pathogens [10,13].

The purpose of this paper is to provide a review of the
chemistry,  microbiology ~ pharmacokinetics/pharmaco-
dynamics, clinical trials, safety and pharmacoeconomic data
currently published on ertapenem. Ertapenem will be com-
pared with imipenem, meropenem, piperacillin/tazobactam,
and ceftriaxone where appropriate. Emphasis will be on the
most recent data, although older reports will be reviewed
and presented as necessary.

Chemistry

All carbapenems share the basic 4:5 B-lactam ring structure of
the penicillins except for a few changes, including a substitu-
tion at position 1 of a carbon for the sulfur and the presence of
an unsaturated bond between carbons 2 and 3 in the 5-mem-
bered thiazolidine ring (FIGURE 1) [24,5.14]. The extended anti-
bacterial spectrum of the carbapenems is mainly attributed to
their resistance to almost all bacterial p-lactamases. This stabil-
ity is due to the unique trans-a-1-hydroxyethyl substituent at
the 6 position, compared with the side chains in the penicillins
and cephalosporins, which have a cis configuration [2,5,12,14].

A significant difference between imipenem and meropenem
is the presence of the 1-B-methyl substituent on meropenem.
This change is responsible for increased stability to DHP-1,
permitting the administration of meropenem on its own, with-
out a DHP-1 inhibitor such as cilastatin [4,14,15]. Meropenem
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Figure 1. Ertapenem, imipenem and meropenem. Adapted from [10].

also has a pyrrolidinyl-containing side chain at carbon 2, which
may be responsible for its superior activity against P. aeruginosa
and other Gram-negative bacteria compared with imipenem 4.

Similar to meropenem, ertapenem has a methyl group on
carbon 1 which confers resistance to DHP-1 [10,12,16]. In actual-
ity, the only difference between meropenem and ertapenem is
the presence of a metasubstituted benzoic acid group at posi-
tion 2 of ertapenem [16]. This substitution is assumed to be the
reason for the pharmacokinetics and spectrum of activity dis-
played by ertapenem [12]. The result of this substitution is an
increase in  molecular weight and lipophilicity of the
molecule [12]. It also imparts an overall negative charge on the
molecule due to the ionization of the carboxylic acid on the
benzene ring at physiologic pH [10,12]. This ionization accounts
for the extensive protein binding of ertapenem, which increases
its half-life, thereby allowing once-daily dosing [10,12].

Mechanism of action

All B-lactam antibiotics, including the carbapenems, are
bactericidal and act by binding to penicillin binding proteins
(PBPs) [1,5,11,12]. This binding inactivates the PBPs, and pre-
vents the transpeptidation (crosslinking) of peptidoglycan
strands, which is essential for the synthesis of intact bacterial
peptidoglycan [1]. Increased activity against Gram-negative
organisms by meropenem and ertapenem compared with
imipenem has been associated with differences in PBP bind-
ing [17. Meropenem and ertapenem bind with the highest
affinity to PBP2, followed by PBP3, whereas imipenem binds
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preferentially to PBP2 and then PBP1a and 1b [5,14,16,18]. Studies
of antibiotic binding to PBPs of Escherichia coli revealed that
ertapenem binds to PBP2 with a similar affinity as imipenem,
which is 30 to 40 times stronger than that of ceftriaxone or
cefepime 1271. In terms of binding to PBP3, ertapenem, ceftri-
axone and cefepime had similar results that were 60 times the
binding affinity of imipenem [12,17].

Ertapenem also demonstrates binding to PBPs 1a, 1b, 4 and
5 of E.coli [107. Antibiotic binding to PBPla/lb and 2 in
Gram-negative bacilli leads to the formation of small spheres or
ellipsoids, with rapid lysis observed with imipenem without the
elongated filament formation observed with third-generation
cephalosporins that preferentially bind to PBP3 [1,2,4,16]. This
lack of cell growth with filamentation leads to a decrease in
endotoxin release [1,16].

Mechanism of resistance

Imipenem and meropenem are known for their activity
against multiresistant Gram-negative bacteria due to their sta-
bility to almost all bacterial p-lactamases, including the
extended-spectrum B-lactamases (ESBLs) and AmpC B-lacta-
mases [7,24]. The incidence of these p-lactamases are increasing
and are of considerable interest since they can lead to resist-
ance to, and therefore treatment failure with, third-generation
cephalosporins [7,16,17,19]. Studies show that ertapenem retains
good activity against those bacteria producing ESBLs or
AmpC B-lactamases, although the minimum inhibitory con-
centration (MIC) values are approximately two to fourfold
higher compared with nonproducers [16,17,19-21]. In compari-
son, the MIC values of imipenem are less likely to be affected
when tested against these same bacteria [21]. Even though the
MIC values are increased with ertapenem, these isolates are
still very susceptible to ertapenem and therefore ertapenem is
a potential treatment option for infections caused by ESBLs
or AmpC producers [16,17].

Although the spectrum of activity of carbapenems is
extremely broad, there are some bacteria that have intrinsic resist-
ance to all the carbapenems, including ertapenem. Poor binding
of carbapenems and other p-lactam antibiotics to PBPs found in
methicillin-resistant staphylococci, Enterococcus faecium and pen-
icillin-resistant streptococci are responsible for the antibiotic
resistance observed in these bacteria [4,7,11,16]. Other bacteria,
such as Stenotrophomonas maltophilia and Aeromonas spp.
produce metallo-B-lactamases that, unlike most other
B-lactamases, are very proficient at hydrolyzing carbapenems
[3.47,12,14]. These metallo-p-lactamases or ‘carbapenemases’
are usually chromosomally encoded and contain a zinc atom
in their active site, whereas the more commonly found
B-lactamases are serine based and do not confer resistance to
carbapenems [3,7,12].

Resistance to imipenem and meropenem in P. aeruginosa is
caused by a mutation leading to the loss of the OprD (D2)
porin, which is the route of entry into the cell for imipenem
and meropenem, and increased efflux of the antibiotic (for
meropenem only) [4,14,16]. It is hypothesized that the lack of
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activity of ertapenem against P. aeruginosa is due to a combination
of the above mechanisms or an ertapenem specific unidentified
mechanism termed MK-X [22,23]. The large anionic side chain
on ertapenem may also contribute to decreased entry through
the D2 porin of P. aeruginosa and through the cell envelope of
other nonfermenters, or it may increase its affinity for efflux
pumps [12,16]. Resistance to ertapenem has also been reported in
B-lactamase-producing Klebsiella pneumoniae with concomitant
defects in membrane permeability [24].

Microbiology

Like imipenem and meropenem, ertapenem demonstrates
in vitro activity against Gram-positive and -negative aerobes
and anaerobes (TABLES 1-3) [7,25]. It should be stated that the
data in TaBLEs 1-3 are pooled data representing hundreds of iso-
lates. However, unlike the other carbapenems, ertapenem
exhibits minimal activity against those pathogens associated
with nosocomial infections, including P. aeruginosa, methicil-
lin-resistant Staphylococcus aureus (MRSA), Actineobacter spp.,
and the enterococci (TABLES 1 & 2) [7,11,25]. In general, carba-
penem antibiotics demonstrate more potent in vitro activity
against Gram-positive, -negative and anaerobic bacteria com-
pared with piperacillin/tazobactam and ceftriaxone, with few
exceptions (taBLEs 1-3). None of the antibiotics in TABLES1 & 2
have activity against S. maltophilia, which produces metallo-
B-lactamases capable of hydrolyzing all p-lactam antibiotics,
including the carbapenems [4,7,16]. No values are reported for
atypical bacteria since p-lactam antibiotics do not have activity
against these bacteria.

Ertapenem demonstrates potent invitro activity against
most enterobacteriaceae, exhibiting MIC values between
0.008 and 0.125 mg/I (TaBLE 2) [25]. MIC values for ertapenem
and meropenem are generally similar and lower than those of
imipenem for Gram-negative bacteria [7,16,25]. Imipenem and
meropenem are known for their activity against multiresistant
Gram-negative bacteria due to their stability to almost all bac-
terial B-lactamases including the ESBLs and AmpC B-lactama-
ses [7,14]. The incidence of these B-lactamases are increasing
and are of considerable interest since they can lead to resist-
ance to and, therefore, treatment failure with, third-generation
cephalosporins [7,16,17,19]. Studies show that ertapenem retains
good activity against those bacteria producing ESBLs or
AmpC p-lactamases, although the MIC values are approxi-
mately two- to fourfold higher than nonproducers [16,17,19-21].
In comparison, the MIC values of imipenem are less likely to
be affected when tested against these same bacteria [21]. Even
though the MIC values are increased with ertapenem, these
isolates are still very susceptible to ertapenem and therefore
ertapenem is a potential treatment option for infections caused
by ESBLs or AmpC producers [16,17].

Nevertheless, ertapenem has good activity against methicillin-
susceptible S. aureus (MSSA), and streptococci, including
Streptococcus pneumoniae. Ertapenem has potent activity against
most anaerobes (MICgy, <2 mg/l) with the exception of
Clostridium difficile and Lactobacillus Spp. (TABLE 3).
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/Table 1. /n vitro activity of ertapenem and comparators against Gram-positive aerobes.

Bacteria Ertapenem’ Imipenem* Meropenem?® Piperacillin/  Ceftriaxone®
tazobactam'

MICs, MICq, Range MICs, MICoq, MICs, MICo, MICs, MICg, MICs, MICg,
Staphylococcus aureus (MS) 012 025 0.008to>16 0016  0.03 0.06 0.12 1 2 4 4
Staphylococcus aureus (MR) 4 >16 0125t0>32 4 32 4 32 16 >32 32 >32
Staphylococcus epidermidis 0.25 4 012to8 0.03  0.05 0.12 2 0125 1 05 4
Streptococcus pyogenes 0.008 003 <0008to0.25 0.008 0008 <0.004 <0.004 0.06 0.125 0.03 0.06
Streptococcus agalactiae 006 006 <003t0o0.125 0.016 003 0.03 0.03 0.25 0.5 0.03 0.06
Streptococcus pneumoniae 0.03 05 <0.008to4 0008 025 0.25 1 003 012 0.06 0.5
Streptococcus pneumoniae (PS)  0.016  0.03 <0.008to0.25 <0.008 0.008 0.008 0016 <006 <0.06 003 006
Streptococcus pneumoniae (Pl) 012 05 <0.008to0 1 006 012 0.12 05 1 2 0.25 1
Streptococcus pneumoniae (PR) 05 2 012to4 0.25 05 05 1 4 4 1 2
Enterococcus faecalis 8 >16 0.06 to >64 2 4 8 >32 4 8 >64  >64
Enterococcus faecium >16 >16 0.015to >64 >16 >16 >32 >32 >128 >128 >32 >32
Listeria monocytogenes 0.25 05 006to1 012 012 0.12 0.12 NA NA 64 >64
National Committee for Clinical Laboratory Standards approved and tentative breakpoints [63]: Staphylococcus spp.: ertapenem 8 mg/l or more is resistant; imipenem 16
mg/l or over is resistant; meropenem 16 mg/l or more is resistant; piperacillin/tazobactam 16/4 mg/l or more is resistant; ceftriaxone 64 mg/l or over is resistant.
Streptococcus pneumoniae: ertapenem 4 mg/l or more is resistant; imipenem 1 mg/l or over is resistant; meropenem 1 mg/l or more is resistant; ceftriaxone 4 mg/l or over
is resistant.
"Data presented are adapted from [39,64-78].
*Data presented are adapted from [64,66,70,72-75,78-82].
$Data presented are adapted from [64,66,78-82].
Data presented are adapted from [39,67-69,72,74,76-78,80].
#Data presented are adapted from [39,64-69,71,72,75-80].
MICs,: Minimum inhibitory concentration (mg/l) of 50% of isolates; MICq4,: Minimum inhibitory concentration of 90% of isolates; MS: Methicillin sensitive; MR: Methicillin
resistant; NA: Information not available; PI: Penicillin intermediate (penicillin MIC: 0.12-1 mg/l); PR: Penicillin resistant (penicillin MIC > 2.0 mg/l); PS: Penicillin susceptible
(penicillin MIC < 0.06 mg/l).

Pharmacokinetics

The pharmacokinetics of ertapenem either alone or against
comparators are displayed in TABLEs 4 & 5. Single-dose ertapenem
studies ranging from 0.4 to 3 g were conducted in healthy young
subjects (TaBLE 4) [27]. The results illustrated somewhat less than
dose proportional increases in plasma concentrations and area
under the plasma concentration-time curve (AUC) with increas-
ing dose, due to the nonlinear concentration-dependent protein
binding of ertapenem [27,28]. After repeated daily infusions, ertap-
enem did not show any evidence of accumulation in young or eld-
erly healthy individuals [2729]. Slight gender differences in
pharmacokinetic parameters in both healthy young and elderly
women were attributed to the lower body weight of females and
are not considered to be clinically relevant; consequently there are
no recommendations for dose adjustments based on gender 27.

In the elderly, higher plasma concentrations, an overall
decrease in plasma clearance of ertapenem, and a slightly
increased half-life were associated with an increase in mean
AUC (39% of total ertapenem and 71% of unbound drug)
compared with young healthy subjects [29]. Elderly subjects
also tend to have a slightly higher percentage of unbound

ertapenem compared with younger subjects (5-11 vs. 5-8%,
respectively). Most of these differences are assumed to be
related to the decrease in renal function seen in the elderly and
there is no suggestion by the manufacturer for any adjustment
in dosage based on age [29,30].

Studies of the intramuscular dosage form of ertapenem
revealed that the 1 g intramuscular injection has a 92% relative
bioavailability compared with 1 g administered by intravenous
infusion [281. The maximum concentration (C,,), Which
occurred approximately 2 h after the intramuscular injection,
was 70.6 mg/l, which is lower than that observed after intra-
venous administration; however, the AUC and half-life of the
two administration routes were similar and the time the plasma
concentration of ertapenem was above the breakpoint of 4 mg/I
was just over 1 hour longer following intramuscular compared
with intravenous administration [2g]. Similar to the intravenous
studies, multiple daily intramuscular dosing showed no evi-
dence of accumulation and had no effect on the pharmaco-
kinetics of ertapenem [28]. Given these results, it has been con-
cluded that the intramuscular and intravenous administration
routes could be used interchangeably in clinical practice [2g].
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Table 2. /nn vitro activity of ertapenem and comparators against Gram-negative aerobes.
Bacteria Ertapenem* Imipenem*  Meropenem®  Piperacillin/  Ceftriaxone®
tazobactam?
MICs, MICqy, Range MIC; MIC MICy,, MIC, MICs, MICy, MICs, MICg,
0 90 0

Acinetobacter spp. 4 >16 0015t0>32 025 05 05 1 8 32 16 128
Citrobacter freundii <0.016 0.03 0.016 t0 0.25 1 2 003 0.06 2 16 0.25 >32
Enterobacter aerogenes 0.06 05 <0.016 to >16 1 4 0.06 0.06 4 8 05 >32
Enterobacter cloacae 0.03 0.125 <0.008 to >16 0.5 2 003 012 2 64 0.25 32
Escherichia coli <0.016 <0.016 <0.008t0o 006 012 025 <0015 0.03 2 8 0.06 0.125
Escherichia coli (ESBL) 0.03 0.05 <0015to1 012 05 <0015 0.06 16 >128 >64 >64
Haemophilus influenzae 006 0.125 <0.008to 1 1 2 012 0.25 006 0125 0016 0.016
Klebsiella pneumoniae <0.016 0.03 <0008to8 025 05 0.03 003 2 8 <006 006
Klebsiella pneumoniae (ESBL) 0.06 05 <0015t016 025 05 0.03 0.06 >128  >128 >64 >64
Klebsiella pneumoniae (AmpC) 0.25 1 <0.015 to 32 05 1 <006 025 128 >128 32 >32
Klebsiella oxytoca <0.016 <0.03 <0.008to8 025 05 003 003 2 4 0.06 05
Klebsiella spp. 0.016 0.03 <0.008to>16 012 0.25 003 003 2 8 0.06 05
Moraxella catarrhalis 0016 0.016 <0.008t0 025 006 0.06 0.008 0.008 <1 <1 0.12 0.5
Morganella morganii 0.03 012 <0.008to0 8 2 4 025 025 05 4 0.06 8
Neisseria gonorrhoeae 0.002 0.008 <0.00025t00.031 0.03 0.25 0.008 0.03 0.25 1 0008 0015
Proteus mirabilis <0.016 <0.03 <0.008 to 16 1 2 0.06 0.06 0.5 1 <003 0.06
Proteus vulgaris 0.016 0.03 <0.008to 2 2 4 0.12 2 05 2 0.06 >32
Pseudomonas 8 16 <0.008 to >64 2 8 05 8 4 16 32 >32
aeruginosa
Salmonella spp. 0.008 0.016 <0.008t0 025 025 05 <0.06 <0.06 4 16 0.06 0.25
Serratia marcescens 0.03 0.12 <0.008 to 16 05 2 006 0.12 2 8 0.25 05
Shigella spp. 0.008 0.015 <0.008to 05 025 0.25 <0.06 <0.06 1 2 0.03 0.06
Stenotrophomonas >16 >16 lto>64 >32 >32 32 128 16 16 >64 >64
maltophilia
National Committee for Clinical Laboratory Standards approved and tentative breakpoints [63]: Enterobacteriaceae spp.: ertapenem 8 mg/I or more is resistant;
imipenem 16 mg/I or over is resistant; meropenem 16 mg/l or more is resistant; piperacillin/tazobactam 128/4 mg/I or more is resistant; ceftriaxone 64 mg/l or
over is resistant.
Pseudomonas aeruginosa and other non-Enterobacteriaceae: imipenem 16 mg/l or more is resistant; meropenem 16 mg/I or over is resistant; piperacillin/tazobactam
128/4 mg/ml or more is resistant; ceftriaxone 64 mg/l or over is resistant; no data are available for ertapenem.
‘Data presented are adapted from [26,39,65,67-78,83].
*Data presented are adapted from [70,72-75,77-84].
$Data presented are adapted from [75,77-82,84].
Data presented are adapted from [39,67-69,72,74-76,78,80,83,84].
#Data presented are adapted from [39,65,67-69,71,72,75-80,84].
ESBL: Extended-spectrum f3-lactamase; MICs,: Minimum inhibitory concentration (mg/l) of 50% of isolates; MICqy: Minimum inhibitory concentration of 90% of isolates.

Protein binding

In human serum, ertapenem displays significant plasma protein
binding, which is also concentration dependent [271. Protein
binding is between 92 and 95% when total ertapenem concen-
trations are between 50 and 150 mg/I [271. At concentrations of

around 300 mg/I (such as those achieved after administration
of 2- to 3-g doses of ertapenem), protein binding is decreased
to approximately 85% [271. There are two sites of reversible and
saturable binding for ertapenem; the primary site is believed by
manufacturers to be serum albumin, although results from

www.future-drugs.com

27



Zhanel, Johanson, Embil et al.

-

Table 3. /n vitro activity of ertapenem and comparators against anaerobes.

Bacteria Ertapenem Imipenem Meropenem Piperacillin/ Ceftriaxone
tazobactam

MICs, MICy, Range MICs; MICy, MIC5, MICy, MICs, MICy, MICs, MICq,
Bacteroides fragilis 0.25 1 0.016 to 32 0.12 05 0.12 1 05 1 32 64
Bacteroides fragilis group 05 2 <0.008to0 32 0.25 05 0.25 05 2 16 64 >64
Bacteroides ovatus 05 1 0.03to 8 0.125 05 0.25 05 4 8 >64 >64
Bacteroides uniformis 025 1 003to4 0.125 05 0.12 05 0.2 8 32 >128
Bacteroides vugatus 0.125 05 <0.015-32 0.25 05 0.25 05 2 8 8 >64
Bacteroides 1 1 003to 4 0.25 0.25 0.25 0.5 8 16 >64 >64
thetaiotaomicron
Bacteroides distasonis 05 2 0.03to 4 05 2 0.25 05 4 8 32 >64
Clostridium difficile 4 8 1-8 4 4 2 2 8 16 32 64
Clostridium perfringens 0.06 0.06 <0.008to 0.25 0.06 0.125 0.016 0.03 0.25 05 2 4
Fusobacterium spp. 0.015 0.12 <0.004 to 8 0.25 1 0.125 0.5 <0.06 0.12 0.125 1
Lactobacillus spp. 2 16 0.03 to >32 0.125 4 8 >8 2 4 64 >64
Peptostreptococcus spp. 0.06 05 <0.004 to 4 0.03 0.12 0.06 0.25 0.125 2 1 8
Provotella spp. 0.06 0.25 <0.015to 2 0.03 0.06 0.06 012  <0.06 0.06 1 16

more is resistant.

"Data presented are adapted from [69,72,73,75,76,86-92].
*Data presented are adapted from [72,73,82,84,87,89-93].
8Data presented are adapted from [75,82,86,87,89,91-93].
Data presented are adapted from [69,72,76,86-91,93).
#Data presented are adapted from [69,72,76,90-93].

National Committee for Clinical Laboratory Standards approved and tentative breakpoints [85]: Anaerobes: ertapenem 16 mg/l or more is resistant;
imipenem 16 mg/l or more is resistant; meropenem 16 mg/I or more is resistant; piperacillin/tazobactam 128/4 mg/l or more is resistant; ceftriaxone 64 mg/l or

MICs,: Minimum inhibitory concentration (mg/l) of 50% of isolates; MICq,: Minimum inhibitory concentration of 90% of isolates.

studies do not support this claim [31,32]. The second site contains
two subsites, and has a 25-fold lower binding affinity for
ertapenem [31]. Although controversial, it is theorized that
drug binding to serum proteins should not affect its in vivo
efficacy since ertapenem can easily dissociate from the
plasma proteins and bind to the higher affinity target PBPs
in bacteria 30,31]. In this way, the plasma proteins act as a
drug reservoir, releasing free drug at the site of action [30,31].
This extensive protein binding results in the increased half-
life of ertapenem of 4 h compared with drugs that are less
protein bound, such as imipenem and meropenem (TABLE 5),
which have half-lifes of approximately 1 h and therefore
require multiple daily dosing [11,16,30].

Distribution

Studies of ertapenem entry into epidermal blisters have been
conducted to assess the ability of ertapenem to distribute
into interstitial fluid [33;. Samples were taken on the third
day of 1-g intravenous daily administration of ertapenem.
The ratio of the AUC,_,, of total ertapenem in blister fluid
to that in plasma was 61% [33]. A mean C,,, of approxi-
mately 25 mg/l occurred 8 h after administration of the

dose, after which serum drug concentrations in the blister
fluid dropped more slowly compared with those in the
plasma, to 7.6 mg/l at 24 h [33].

Ertapenem penetration into the cerebrospinal fluid (CSF)
of rabbits was 2.4% into noninflamed and 7.1% into
inflamed meninges [34]. Ertapenem concentrations were meas-
ured in the breast milk of five nursing mothers during the
3 to 6 days of treatment [10,11,35]. Ertapenem concentrations
were undetectable after 5 days following the discontinuation
of treatment in all but one woman, who had only trace
amounts remaining [Lo,11,35].

Metabolism & elimination

Ertapenem is mainly eliminated through the kidneys by
glomerular filtration and secretory processes [30]. Results
from metabolic studies have shown that almost 80% of a 1-g
dose of *C-labeled ertapenem appeared in the urine in
approximately equal amounts as unchanged ertapenem and
its major metabolite, the open ring B-lactam derivative
formed through hydrolysis by DHP-1 (in humans this
enzyme is found predominantly in the kidneys) [30,36]. These
two compounds make up 95% of the total radioactivity
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Table 4. Pharmacokinetic parameters of ertapenem’.

Parameters Total Unbound
ertapenem ertapenem

Area under the curve (ug.h/l) 572.1 (68.6) 33.2(5.5)

Apparent plasma 295 (3.4) 513.6 (80.8)

clearance (ml/min)

Apparent renal 129 (4.3) 223.3 (67.8)

clearance (ml/min)

Apparent nonrenal 16.1(54) 2898 (117.8)

clearance (ml/min)

Volume of distribution at 8.2 (1.5) 123.1(37.2)

steady state (1)

Concentration at end of 154.9 (22.0) 129(3.2)

infusion (pg/l)

Concentration at 12 h after 9.3(2.8)

infusion (ug/l)

Concentration at 24 h after 12(0.6)

infusion (pg/l)

Plasma haf-life (h) 3.8

Following a 1-g intravenous dose of ertapenem in healthy young volunteers

(n = 16) (adapted from [27]).

"Mean =+ standard deviation pharmacokinetic parameters for total (protein bound

and unbound) and free (unbound) ertapenem.

measured in the urine [30,36]. Radioactivity in the feces was
less than 10% of the dose [30,36]. In a recent study, Pletz and
colleagues assessed the pharmacokinetics of ertapenem in
male and female volunteers and the impact on intestinal
flora [371. These investigators documented that after 1-g
doses of ertapenem, fecal ertapenem concentrations were
37.2 and 32.7 mg/kg on days 4 and 8, respectively.

Renal insufficiency

Pharmacokinetic parameters were measured in patients (n = 26)
with varying degrees of renal insufficiency after administration of
asingle 1-g intravenous dose of ertapenem. Increases in AUC for
patients with mild (creatinine clearance [CL.]: 60-90 ml/
min/1.73m?), moderate (CL,: 31-69 ml/min/.73 m?),
advanced (CL, 5-30 ml/ min/1.73m?) and end-stage (CL,,
<10 ml/min/1.73 m?) renal insufficiency compared with healthy
controls were 7, 53, 158 and 192%, respectively [10,11,35]. The
half-life of ertapenem was also increased in renal insufficiency to
4.4,6.1, 10.6 and 14.1 h in mild, moderate, advanced and end-
stage disease, respectively 10,11,35]. Based on this study, the rec-
ommendation for dosing in advanced and end-stage renal insuffi-
ciency (CL,, < 30 ml/min/1.73m?) is to reduce the normal dose
to 500 mg daily 351. When administered immediately prior to a
4-h hemodialysis session, approximately 30% of the 1-g dose of
ertapenem was removed [30,35]. It is therefore recommended that
an additional 150-mg dose be given after hemodialysis if the ini-
tial 0.5-g dose was given less than 6 h before dialysis [30,35].

Ertapenem

Pharmacodynamics

The most important parameter for predicting the in vivo efficacy
of all p-lactam antibiotics, including the carbapenems is the
time that the plasma drug concentration is maintained above
the MIC of the infecting organism (T > MIC) [11,14,30,38]. For
most p-lactams the T > MIC should be 50% or more of the dos-
ing interval, whereas for the carbapenems a T > MIC of 30% or
more appears to be sufficient [11,14,30]. Following a 1-g dose of
ertapenem administered intravenously, the total and free drug
concentrations remain above the MICy, of MSSA,
Streptococci spp.,  enterobacteriaceae,  Moraxella catarrhalis,
Haemophilus influenzae and most anaerobes (<1 mg/l) for
24 and 8 h, respectively, which corresponds to 100 and 33% of
the dosing interval [16,30,39].

The activity of ertapenem against S. pneumoniae isolates (MIC
values between 0.015 and 4 mg/l) was assessed in a neutropenic
murine thigh-infection model [38]. The overall decrease in bacte-
rial density of the treated animals over 24 h ranged from 0.2 to
4.4 log,, colony-forming units per thigh [3s]. The change in bac-
terial density was highly dependent on the MIC of the infecting
isolate. The most pronounced and greatest bactericidal activity
was observed against those isolates with MIC values of 2 mg/I or
less, whereas the activity against isolates with a MIC of 4 mg/I
was inconsistent; nevertheless, the overall survival was 93% dur-
ing the 4 days of treatment and 3 days after therapy [ss]). The
results from this study also supported the suggestion that maxi-
mal bactericidal activity is observed when the T >MICq,, is
more than 30% of the dosing interval [11,38].

In vitro studies of the post antibiotic effects (PAEs) of
ertapenem, imipenem and ceftriaxone have been conducted
against Gram-positive and -negative bacteria [40]. After 2 h of
antibiotic exposure to concentrations of ten-times the MIC,
imipenem and ertapenem showed similar and longer PAES
against S. aureus compared with ceftriaxone (1.3, 1.5 and
0.9 h, respectively), whereas ceftriaxone demonstrated slightly
longer PAES against S. pneumoniae compared with the other
two antibiotics (2.6 versus 2.4 h). Imipenem and ertapenem
also demonstrated a short PAE (0.3 h) against
Enterobacter cloacae [40. All the antibiotics tested demon-
strated negative or absent PAEs against Gram-negative bacte-
ria. The mean PAE values for ertapenem were: -0.3 h against
E. coli and no PAEs against H. influenzae [4].

Clinical trials
All of the clinical trials carried out have been prospective,
multicenter (including USA and international sites), rando-
mized, double-blind, comparative studies designed to show
statistical equivalence (noninferiority) between ertapenem
and an established comparator, unless otherwise stated. Sta-
tistical equivalence is defined by the two-sided
95% confidence interval (Cl) for the difference in response
rates (ertapenem minus comparator) [11,41-47]. The interval
must contain zero and the lower limit can not be less than:
 -10% when the response rate of the comparator is 90%

or less
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« -15% when the comparator response rate is over 80% but
less than 90%

» -20% for comparator response rates 70% or more but less
than 80%.

Data from clinical trials are presented in TasLE 6.

Complicated intra-abdominal infection

In a Phase 111 trial, ertapenem 1 g, once daily was compared
with piperacillin/tazobactam 3.375 g administered every 6 h,
both infused intravenously for a period of 30 min [44]. The
study also permitted the addition of vancomycin, at the discre-
tion of the investigator if Enterococcus spp. or MRSA was iso-
lated; this option was exercised in approximately 4% of the
microbiologically evaluable patients in each of the treatment
groups. The study included patients with a wide range of
intra-abdominal infections (IAls) that required operative or
percutaneous procedures in addition to antibiotic therapy. A
blinded expert review panel assessed the adequacy of surgical
source control to identify failures due to inadequate surgical
intervention rather than those due to antibiotic therapy. The
patients were stratified based on their diagnosis (complicated
appendicitis without generalized peritonitis or all other diag-
noses) and the severity of illness (Acute Physiology and
Chronic Health Evaluation Il score >15). Approximately 60%
of the microbiologically evaluable patients had perforated or
abscessed appendicitis. The most common bacteria isolated
from all the infections were E. coli, Bacteroides fragilis,
Bacteroides spp. and Clostridium spp. and 335 out of 396
(84.6%) microbiologically evaluable patients had poly-
microbial infections. Of the 633 patients randomized, only 396

(62.6%) were considered to be clinically and microbiologically
evaluable. The cure rates (favorable clinical and microbiologic
response) of this evaluable group, adjusted for stratum, were
176 out of 203 (86.7%) for the patients treated with erta-
penem and 157 out of 193 (81.2%) for patients treated with
piperacillin/tazobactam at the test of cure (TOC) assessment,
which occurred 4 to 6 weeks after completion of antibiotic
therapy. This is a 5.5% difference between the two groups
with a 95% CI of -2.2 to 13.1%, indicating equivalence of
the two therapies. In the subgroup analysis of the different
types of infections in the microbiologically evaluable group,
higher efficacy rates were reported for ertapenem versus piper-
acillin/tazobactam in patients with nonappendiceal infections
(83.8 vs. 68.8%), generalized peritonitis (83.3 vs. 73.6%) and
postoperative infection (75 vs. 40.9%).

A smaller clinical trial assessed the efficacy of ertapenem 1 or
1.5 g once daily (given intravenously) compared with ceftriax-
one 29 once daily (given intravenously) along with metro-
nidazole 500 mg every 8 h for the treatment of complicated 1Als
in adults [48]. An option to switch to oral ciprofloxacin plus met-
ronidazole was allowed after a minimum of 3 full days of intra-
venous therapy. E. coli and B. fragilis were the most common
bacteria isolated and the study found no significant difference in
eradication rates between the patients receiving 1 or 1.5 g of
ertapenem. At the TOC visit (4—6 weeks after the completion of
intravenous and oral antibiotic therapy), favorable clinical and
microbiologic results were reported in 26 out of 31 (84%) of the
microbiologically evaluable patients in the 1-g cohort treated
with ertapenem, 35 out of 41 (85%) treated with ceftriaxone
and metronidazole, and 24 out of 29 (83%) in the 1.5-g cohort
treated with ertapenem versus 24 out of 31 (77%) treated with

-~

Table 5. Pharmacokinetic parameters of ertapenem versus comparators.
Drug Intravenous Crnax. AUC ty, Vd (/kg) % protein % Dosing Ref.
dose (9) (mg/l) (mg.h/1) (h) binding  excreted interval
unchanged
Ertapenem 1 1549 (22.0) 572.1(68.6) 38 8.2 (15) 92-98* 44 Once daily [27]
Imipenem 05 30-35 422 1 023031 20 60-70 (with Three- to [1,94,95]
1 60-70 186 cilastatin)  four-times
daily
Meropenem 05 26 27.2-324 1 0.23-0.35 2 70 Three- to [95,96]
1 50-60  66.9-77.5 four-times
daily
Piperacillin/ 3.375 242/248 253 0.7-1.2 16-19 30 70 Three- to [97,98]
tazobactam four-times
daily
Ceftriaxone 1 1287 (14.8) 973.12 74 7-13* 83-96** 60  Once daily [99-101]
(120.61)
*Mean or range with or without + standard deviation.
*Concentration dependent.
Svalues are piperacillin and tazobactam, respectively.
AUC: Area under the concentration-time curve; C,,,: Peak concentration reached in the plasma/serum,; t,,: Half life; Vd: Volume of distribution.
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-

Table 6. Results of clinical trials.
Author Number of Duration of Mean Test of cure % of patients with a favorable response Ref.
regimen patients  parenteral (range)  (number of (number of evaluable patients)
randomized  treatment days post Clinical Microbiologic  Clinical and
(days) therapy) microbiologic
Complicated intra-abdominal infections
Solomkin ERT1god iv. 633 7.6 (4-17) 28-42 n.d. nd. 87 (203) [44]
etal P/T3375¢g 7.8 (4-18) nd. nd 81 (193)§
g6hiv.
Yellin et al. ERT1god n4 49 nd. 90 (31) 84 (31)° (48]
iv. 18 5.1 nd. 85 (41) 85 (41)8
CTX2god +
MTR 500 m
g8hiv.
Acute pelvic infections
Royetal. ERT1godiv. 412 47(2-12) 14-28 94 (163)§ 94 (128) nd. [42]
PIT3375¢g 47 (3-12) 92 (153)§ 94 (129) nd.
g6hiv.
Complicated skin and skin-structure infections
Grahametal. ERT1godiv. 540 9.1(3-16) 10-21 82 (185)° 83 (155) 82 (155) [41]
P/T3375¢g 9.8 (3-18) 84 (174)§ 83 (151) 82 (151)
g6hiv.
Complicated urinary tract infections
Jimenez-Cruz  ERT1godiv. 258 42 5-9 n.d. 86 (97)° 86 (97) [47]
etal. orim* 44 nd. 85 (53)% 85 (53)
CTX1godiv.
orim#
Tomeraetal. ERT1god iv? 592 44 nd. 92(159)% nd. [45]
CTX 1 g od iv* 43 nd. 93 (171) nd.
Community-acquired pneumonia
Ortiz-Ruiz ERT1god iv 502 47(2-17) 7-14 92 (182)°% 93 (96) nd. [46]
etal, CTX1god v 47 (2-14) 91 (201)3 95 (113) nd.
Vetter etal. ERT1god iv. 364 55 92 (182)° 91 (100) n.d. [43]
orim. 56 94 (93)8 92 (49) nd.
CTX1godiv.
orim/f
*Applies to evaluable patients.
*68% of the microbiologically evaluable patients in the ertapenem group and 61% of patients in the comparator group were switched to oral ciprofloxacin plus
metronidazole after 3 days or more of parenteral therapy for a mean total duration of antimicrobial therapy of 8.8 and 8.3 days, respectively.
SPrimary efficacy variable.
Median, not mean is reported.
#Most microbiologically evaluable were switched to an oral antimicrobial (usually ciprofloxacin) after 3 days or more of parenteral therapy.
**Most clinically evaluable patients were switched to an oral antimicrobial (usually amoxicillin-clavulanate) after 3 days or more of parenteral therapy.
CTX: Ceftriaxone; ERT: Ertapenem; im.: Intramuscular; iv.: Intravenous; MTR: Metronidazole; n.d.: No data; od: Once daily; P/T: Piperacillin/tazobactam; q: Every.
Adapted from [11].

comparator therapy. The overall microbiologic response rates were
90% for both cohorts treated with ertapenem, and for the patients
that received comparator therapy, response rates were 85 and 87%
in the 1- and 1.5-g cohorts, respectively. Although the study sug-
gests similar efficacy rates between the two treatment groups, it was
not large enough to prove statistical equivalence and only results
from the 1-g ertapenem cohort are presented in TaBLE 6.

Complicated skin & soft-structure infection

Ertapenem 1 g, administered once daily was compared with
piperacillin/tazobactam 3.375¢g every 6 h (both administered
intravenously) for the treatment of skin and soft-tissue infections
in adults [41]. Patients with underlying decubitus ulcers, diabetes
mellitus or other neuropathic conditions were stratified from
patients with all other infections, which were most commonly
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abscesses, cellulitis and surgical-site infections. S. aureus was the
most common bacterium isolated in the clinically evaluable
patients (~40% in each treatment group). Polymicrobial infec-
tions accounted for approximately 40% of the clinically evalua-
ble cases and one or more anaerobes were isolated from around
18% of the cases. The primary efficacy end point, a favorable
clinical response (based on wound signs and symptoms), was
determined at the TOC visit (10 to 21 days post therapy). Suc-
cess rates in the clinically evaluable patients were reported for
82.4% of those treated with ertapenem and 84.4% of those
treated with piperacillin/tazobactam, resulting in a -2.0% dif-
ference (95% CI adjusting for strata: -10.2-6.2%), demon-
strating statistical equivalence. Bacterial eradication rates and
number of patients reporting a favorable microbiologic and
clinical response at the TOC visit (TaBLE 6) were also similar in
both treatment groups.

In an analysis of the subgroup of patients infected with
MSSA from the above study, cure rates reported at the TOC
visit for the ertapenem and piperacillin/tazobactam treatment
groups were almost identical (80.6 vs. 80.9%) [49. No demo-
graphic or clinical characteristics that consistently predicted
monomicrobial versus polymicrobial infections could be
identified, thereby suggesting the need for a broad-spectrum
antibiotic when treating empirically.

Another subgroup analysis was performed for all patients in
the original study that were managed by outpatient parenteral
antimicrobial treatment (OPAT), which was allowed at the dis-
cretion of the investigator after at least 2 days of treatment in
the hospital or infusion suite, and presuming the patient was
stable s0). Approximately 40% of all patients treated at the
USA test sites received OPAT compared with only two out of
166 (1.2%) patients from Latin America test sites; for this rea-
son, only data from the USA sites were analyzed. Although a
larger proportion of patients with severe infection were treated
as inpatients, the overall median duration of treatment for all
evaluable patients treated as inpatients was shorter than that of
those treated as outpatients (8 vs. 11 days, respectively). Cure
rates among the evaluable patients treated with OPAT were
45 out of 54 (83.3%) patients treated with ertapenem versus
41 out of 50 (82%) patients treated with piperacillin/tazobactam.

Acute pelvic infection

In a study by Roy and colleagues, women aged 16 years or older
diagnosed with an acute pelvic infection (PI) were stratified
based on the type of infection (obstetric/postpartum versus
gynecologic/postoperative) and then randomized to receive 1 g
(intravenously) of ertapenem once daily or 3.375g (intra-
venously) of piperacillin/tazobactam every 6 h [421. Endomyo-
metritis was the most common diagnosis in both treatment
groups, comprising around 75% of patients. Approximately
60% of the bacteria isolated were anaerobes and around 72% of
the microbiologically evaluable patients had polymicrobial
infection. The primary efficacy end point, the clinical response
to treatment, was assessed at the TOC visit (2—4 weeks post
therapy). Favorable response rates were reported for 93.9% of

163 clinically evaluable patients treated with ertapenem and
91.5% of 153 evaluable patients treated with piperacillin/tazo-
bactam (95% CI for the difference, adjusted for strata:
-4.0-8.8%), indicating the statistical equivalence of the two
treatment regimes.

Complicated urinary tract infections

Two large international studies comparing ertapenem and
ceftriaxone, each administered as a 1-g dose once daily, for the
treatment of complicated urinary tract infections (UTI) were
conducted from 1998 to 2000 [45,47]. In a study by Jimenez-
Cruz, intramuscular injections were permitted after at least
one intravenous dose of the study antibiotic [471. Both studies
allowed a switch to oral therapy (most frequently to cipro-
floxacin) after a minimum of 3 days of parenteral therapy, as
long as the patient had improved clinically. Patients were strat-
ified into two groups according to their diagnosis; one stratum
consisted of patients with acute pyelonephritis and the other
comprised patients with all other complicated UTIs without
pyelonephritis, which includes diagnoses of UTI in men, or
those associated with obstruction, foreign bodies or urologic
abnormalities. The most common pathogens isolated were
E. coli and K. pneumoniae. Bacterial eradication rates were
assessed at the TOC visit (5-7 days after parenteral and oral
treatment was completed) as the primary efficacy end point. In
the microbiologically evaluable patients, a favorable micro-
biologic response was reported in one study for 85.6% of the
patients treated with ertapenem versus 84.9% of those treated
with ceftriaxone, resulting in a 0.6% difference, adjusting for
strata (95% CI: -12.9-14.1%) [47], and in the other study rates
of 91.8versus 93.0% (95% CI, adjusting for strata:
-7.6-5.1%) were reported for ertapenem- and ceftriaxone-
treated patients, respectively [45]. In a combined analysis of the
two studies, recurrence rates at the late follow-up visit
(4-6 weeks post therapy) were found to be similar in both
treatment groups (8.9% in the ertapenem group and 7.6% in
the ceftriaxone group) [51]. Response rates of subgroups based
on stratum and severity of disease were also similar between
the two treatment groups [51].

Community-acquired pneumonia

In two large, well-designed trials, ertapenem was compared
with ceftriaxone (each given as a 1-g dose once daily) for the
treatment of community-acquired pneumonia (CAP) in
adults [43,46]. Both studies allowed a step down to oral therapy
(generally to amoxicillin/clavulanate) if the patient improved
clinically after a minimum of 3 days of parenteral therapy. The
studies were designed to minimize inclusion of patients with
atypical pneumonia by requiring special conditions to be met
for patients under 40 years old and excluding patients with a
positive urine test for legionella antigen. Patients were stratified
into four groups based on age (<65 or >65) and severity of ill-
ness (pneumonia severity index of <3 or >3). The first study
randomized 502 patients in a 1:1 ratio to receive either ertap-
enem or ceftriaxone, and all doses of the study antibiotic were
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administered intravenously [4e]. Clinical and microbiologic cure
rates in the evaluable patients at 7 to 14 days post therapy
(TOC) in the ertapenem group were 92.3 and 92.7%, respec-
tively, versus 91.0 and 94.7% in patients treated with ceftriax-
one. The most frequently isolated pathogens were
S. pneumoniae, followed by M. catarrhalis and H. influenzae.

In the second trial, 364 patients were randomized in a 2:1
ratio in favor of ertapenem over ceftriaxone, and investigators
had the option of administering either study antibiotic intra-
muscularly after at least one intravenous dose [43]. At the TOC
visit, clinical cure rates reported for the ertapenem and ceftriax-
one treatment groups were 92.3 and 93.6%, respectively (95%
Cl, adjusting for strata: -8.6-5.7%). Favorable microbiologic
assessments were reported in 91 versus 91.8% of patients
treated with ertapenem and ceftriaxone, respectively.
S. pneumoniae, followed by H. influenzae, M. catarrhalis and
S. aureus were the most frequently isolated pathogens.

A combined analysis of the above two trials demonstrated
higher cure rates at the completion of parenteral therapy
(95.2 vs. 94.4%) for ertapenem- and ceftriaxone-treated
patients, respectively, compared at the TOC visit (92.0 vs.
91.9%) [52]. It was also revealed that approximately 88% of the
clinically evaluable patients were switched to oral therapy,
which in 92.9% of cases was amoxicillin/clavulanate. A sub-
group analysis of data from patients aged 65 years or over who
participated in the above two trials found ertapenem and ceftri-
axone to be equally effective in the treatment of CAP in the
elderly [531. At the TOC visit, cure rates were reported for
139 out of 148 (93.9%) clinically evaluable patients in the
ertapenem group and 113 out of 125 (90.4%) of those in the
ceftriaxone group. Favorable microbiologic response rates
reported for each treatment group were both more than 90%.
In patients aged 75 years or over, ertapenem was actually shown
to be superior to ceftriaxone for the treatment of CAP; cure
rates at the TOC assessment were 94 versus 87.3% for the
ertapenem- and ceftriaxone-treated patients, respectively.

Subgroup & combined analyses

Enterococcus spp.

The impact of the presence or absence of Enterococcus spp. on
patient outcome was examined in a combined analysis of
patients enrolled in three well-designed trials that compared
ertapenem and piperacillin/tazobactam for the treatment of
various infections [541. Enterococcus spp. was isolated from
223 out of 1558 patients (14.3%) being treated for compli-
cated IAI, acute Pl or complicated skin and skin-structure
infection (CSSSI); specifically, 125 out of 623 (20%) patients
with 1Al 28 out of 529 (5.3%) with CSSSI and 70 out of 406
(17.2%) with PI had enterococcus present in their initial cul-
tures. Piperacillin/tazobactam is considered to have activity
against most enterococci, whereas ertapenem has limited activ-
ity. Susceptibility testing of enterococci isolated from the clini-
cal trials demonstrated susceptibility of 27% of 220 enterococci
isolates to ertapenem, whereas the susceptibility of 218 isolates
tested with piperacillin/tazobactam was 90%. Only 60% of

Ertapenem

Enterococcus spp. isolates were identified to the level of species,
of which 40% were Enterococcus faecalis and 8% were
E. faecium.  Polymicrobial  infections  that  included
Enterococcus spp. were reported in 96% of patients with 1Al,
and 86% of patients with CSSSI and PI.

In the analysis of microbiologically evaluable patients with
and without Enterococcus spp., the choice of therapy — erta-
penem versus piperacillin/tazobactam — did not have any
effect on the cure rates in any of the three trials, but the over-
all response to both therapies in evaluable patients with 1Al
was demonstrated to be significantly lower in patients with
Enterococcus spp. compared with those without. This trend
was also seen in patients with CSSSI, but the numbers of eval-
uable patients with enterococcal infections were too low to be
analyzed statistically [s41. In contrast, clinical response rates
for patients with P1 were slightly higher in the presence versus
the absence of Enterococcus spp., and patients with moderate
infection were more likely than those with severe infection to
have Enterococcus spp. isolated at enrollment. The authors
concluded that:

“these findings suggest that in polymicrobial 1Al and PlI,
enterococci is colonizing the site of infection, rather than
causing invasive disease”

Therefore specific therapy directed at Enterococcus spp. is
unnecessary in immumocompetent hosts [54].

Polymicrobial infections

The efficacy of ertapenem versus piperacillin/tazobactam in the
treatment of polymicrobial infections was assessed in a com-
bined subgroup analysis of data from three large clinical trials,
which included patients with 1Al, Pl and CSSSI [s5). Poly-
microbial infections were identified in 790 of the 1558 patients
(50.7%) treated. E. coli and members of the B. fragilis group
were the most common pathogens isolated from patients with
IAl, whereas S. aureus and peptostreptococci were predominant
in CSSSI, and peptostreptococci, enterococci and E. coli in PI.
Favorable response rates for evaluable patients with poly-
microbial infections treated with ertapenem or piperacil-
lin/tazobactam were similar in all three trials, and the reported
cure rates by treatment group were 85.6 and 82.5% in IAl,
80.3 and 78.7% in CSSSI and 95.7 and 92.6% in PlI.

Enterobacteriaceae

Gesser and colleagues reviewed the efficacy of ertapenem in
the treatment of infections caused by enterobacteriaceae in
an analysis of data from seven clinical trials comparing erta-
penem with ceftriaxone or piperacillin/tazobactam for the
treatment of patients with CSSSI, PI, 1Al, complicated UT]
and CAP [se]. Infections with enterobacteriaceae accounted
for 1167 out of 3255 (35.9%) of all the patients treated in
the seven trials and 65.3% of the enterobacteriaceae isolated
were E. coli. Polymicrobial infections involving entero-
bacteriaceae accounted for over 75% of infections in evaluable
patients with 1Al, CSSSI and PI, but were much less common
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in patients with CAP and complicated UTI (37 and 3%,
respectively). Ertapenem was demonstrated to be equivalent
to piperacillin/tazobactam for the treatment of entero-
bacteriaceae infections in patients with 1Al, Pl and CSSSI
based on clinical response rates of 84.8 and 82.8%, resulting
in a 95% CI of -4.9 to 8.9%. Favorable microbiologic out-
comes in patients with complicated UTI were reported in
90.5 versus 92% of those treated with ertapenem versus
ceftriaxone, respectively (95% CI: -7.1-4.1%).

Overall bacterial eradication rates of enterobacteriaceae
were approximately 90% in both ertapenem and comparator
groups and none of the 77 patients who had a Gram-nega-
tive enteric isolated in their bloodstream had persistent bac-
teremia at the end of treatment [se]. The development of
resistance to ertapenem was not reported in any of the
enterobacteriaceae isolated from patients treated with this
antibiotic; however, two persistent bacteria
(Citrobacter freundii and E. coli) isolated from patients being
treated for a complicated UTI developed resistance to ceftri-
axone. Resistance to ciprofloxacin in patients with compli-
cated UTI who were switched to oral therapy was also
reported for five E. coli and two K. pneumoniae isolates in
patients originally treated with ertapenem and for three
E. coli and one Proteus mirabilis isolate in patients treated
with ceftriaxone. Ertapenem was recently reported to dem-
onstrate excellent clinical utility in treating a variety of
infections (bacteremia, pneumonia, soft-tissue abscesses,
peritonitis and complicated and uncomplicated UTI) caused
by ESBL-producing organisms including K. pneumoniae,
E. coli and E. cloacae [57].

Adverse effects

During Phase Il and 111 clinical trials, adverse events (AES) were
monitored daily during treatment and up to 14 days after
completion of therapy [41-48,58]. AES were graded according
to their severity and the probability of being related to study
therapy. In a pooled analysis of data from Phase Il and 111
trials, the percentage of patients treated with ertapenem,
piperacillin/tazobactam and ceftriaxone that experienced
one or more clinical AE (possibly, probably or definitely
related to antimicrobial therapy) were 23.2, 23.3 and
26.9%, respectively [s8]. The most common AEs reported
with ertapenem and comparators were diarrhea, infused-
vein complications, nausea and headache (TaBLE 7) [58]. The
incidence of these AEs were similar between ertapenem and
the comparators, with most AEs rated mild to moderate [sg].
Discontinuation of ertapenem due to a clinical AE occurred
in 1.2% of patients due to rash or gastrointestinal
disturbances [ss].

The incidence of drug-related seizures reported with
ertapenem, piperacillin/tazobactam and ceftriaxone were 0.2
(three cases), 0.3 (two cases) and 0.0%, respectively. In all
five cases, the patients had an underlying neurologic disease
or a pre-existing seizure disorder [sg]. Pseudomembranous
colitis or C. difficile-associated diarrhea has been reported in

-

able 7. Adverse effects of ertapenenm
versus comparators.

Adverse effect Ertapenem™ Piperacillin/ Ceftriaxone*®
tazobactam

Diarrhea 5.0 (10.3) 70 (12.1) 59(9.8)
Infused vein 45(7.1) 55(7.9) 46 (6.7)
complication

Nausea 25(85) 34(8.7) 3.3(74)
Headache 19 (5.6) 12(54) 2.3(6.9)
Phlebitis/ 16(19) 13(27) 15(2.0)
thrombophlebitis

Pruritus 12 (2.0) 12(26) 1.0(19)
Rash 11(25) 18(31) 06 (15)
Abdominal pain 0.7 (3.6) 05(4.8) 13(39)
Vomiting 09(37) 17(53) 12 (4.0)
Oral candidiasis 01(01) 12 (1.3) 14(1.9)
Vaginitis 09 (1.4) 07 (1.0) 35(37)

Incidence (%) of adverse effects reported during study therapy and 14 days
follow-up in 1% or more of patients enrolled in Phase Il and Phase Il trials who
received one or more doses of study therapy and were judged by the investigator
to be possibly, probably or definitely related to study therapy and in parentheses,
those reported “irrespective of relationship to study therapy”

Adapted from [58].

*Includes results from Phase IIb/Ill complicated intra-abdominal infections,
complicated skin and soft-tissue infections and acute pelvic infection trials.
*Includes results from Phase lla trials, and Phase IIb/Ill community-acquired
pneumonia, complicated urinary tract and im tolerability trials. Most patients in
these trials were switched to an oral antimicrobial after 3 days or more (2 days in
the intramuscular tolerability trial). The most commonly used oral therapies were
amoxicillin—clavulanate and ciprofloxacin (plus metronidazole in the Phase lla
intra-abdominal infection trial).

SPatients in the ceftriaxone study group of the Phase lla IAI trial also received
intravenous metronidazole.

0.3% of 1866 patients treated with ertapenem. Overall mortality
rates were 1.8% in patients treated with ertapenem, 1.5% in
those treated with piperacillin/tazobactam and 1.6% in
ceftriaxone-treated patients. None of the deaths that
occurred during the clinical trials or during the 14 days fol-
lowing treatment were attributed to drug therapy. In a Phase
| study, investigators studied the effects of ertapenem on cor-
rected QT (QTc) intervals. QTc intervals were measured
before a single 2-g dose of ertapenem in 20 healthy subjects
and 0.5 and 1.5 h after the beginning of the intravenous
infusion; these values were then compared with ones
obtained from four subjects who received placebo infusions
of saline. There were no statistically significant differences
observed between pre- and postdose values in the ertapenem
group or between the two test groups.

Laboratory adverse effects occurring during study therapy
or in the 14-day follow-up period were reported in 13.8, 15
and 11.5% of patients treated with ertapenem,
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piperacillin/tazobactam and ceftriaxone, respectively [ss].
The most common laboratory AES observed with ertapenem
and comparator agents were transient, mild-to-moderate
increases in aminotransferases [se]. Increases in amino-
transferase enzymes were more frequently reported for His-
panic patients than white or black patients, which was simi-
lar for ertapenem and other comparator studies [se]. In all
patients, aminotransferases returned to normal in post-ther-
apy follow-up [s8]. Drug-related neutropenia was infre-
quently reported with ertapenem, piperacillin/tazobactam
and ceftriaxone [s8]. Discontinuation of therapy due to drug-
related laboratory AEs occurred in 0.2, 0.4 and 0.1% of
patients, respectively.

In a comparison of intramuscular administration of ertapenem
and ceftriaxone, ertapenem was well tolerated [s9]. Tolerabil-
ity and safety profiles were similar between the two agents
[59]. The most common local injection site AEs were tender-
ness and pain. Classification of patients based on gender, age
(<65 vs. <65 years), renal function or concomitant therapy
did not result in any significant changes in the AE profile of
ertapenem [ss].

Drug interactions

In vitro studies have shown ertapenem is not a substrate for
cytochrome P450 isozymes or P-glycoprotein, and therefore it
is not expected to have any drug interactions due to the
involvement of these enzymes [35]. To date, the only drug inter-
action trial performed evaluated the interaction between erta-
penem and probenecid [30]. Probenecid was found to decrease
the renal clearance of ertapenem by inhibiting active renal
tubular secretion with the ertapenem half-life only increasing
slightly, from 4.0 to 4.8 h [30,35].

Pharmacoeconomics

Several factors beyond the acquisition cost need to be considered
when evaluating the cost of antimicrobial therapy. In addition
to the acquisition cost of parenteral antibiotic treatment, the
cost of admixture and preparation, ancillary materials and per-
sonnel time (e.g., nurse, technician or pharmacist) need to be
considered. Other considerations, including the cost associated
with maintaining intravenous access, waste disposal and thera-
peutic monitoring, should also be considered [s0]. Antibiotics
that are administered once daily, such as ertapenem and ceftri-
axone, are advantageous over agents that are given as multiple
intermittent doses during the day (e.g., imipenem, meropenem
or piperacillin/tazobactam) [e0,61]. However, ertapenem, unlike
ceftriaxone, has good activity against many clinically important
anaerobic bacteria and can therefore be administered as a single
entity for the treatment of mixed aerobic/anaerobic
infections [e1]. Once-daily administration of a single antimicro-
bial is more convenient for hospital staff and patients, and may
decrease the risk of missed doses and other medication errors
[48,61,62]. Considering these advantages, as well as the option of
intravenous or intramuscular administration, ertapenem is an
excellent choice, not only for community-acquired infections

Ertapenem

in hospitalized patients, but also for OPAT [e1]. Decreasing the
length of stay through the use of OPAT may reduce healthcare-
associated costs, decrease the risk of nosocomial infections and
increase patient satisfaction. The cost-avoidance or savings of
OPAT programs have been documented previously [102,103].
When compared with antibiotics used in OPAT programs,
ertapenem’s safety and efficacy profile is similar [e1].

The pharmacokinetic and chemical characteristics allow
ertapenem to be delivered by many different OPAT models,
but would require same-day preparation of the solution due to
stability issues according to the product monograph [e1]. Over-
all, Tice and colleagues concluded that ertapenem would be a
good addition to the current arsenal of OPAT antimicrobials,
especially as new indications for its use are discovered [61].

Expert opinion & five-year view
Ertapenem is a new carbapenem developed to address the
pharmacokinetic shortcomings of imipenem and meropenem.
Ertapenem shares similar structural features with meropenem,
including its stability to DHP-1, allowing it to be administered
without a DHP-1 inhibitor. Ertapenem demonstrates broad-
spectrum antimicrobial activity against many Gram-positive
and -negative aerobes and anaerobes and is resistant to nearly
all B-lactamases including ESBLs and AmpCs. It demonstrates
limited activity against Enterococcus spp., P aeruginosa and
other nonfermentative Gram-negative bacteria commonly asso-
ciated with nosocomial infections. Extensive protein binding of
ertapenem extends the half-life and allows for once-daily dos-
ing. Prospective, multicenter, randomized, double-blind, com-
parative clinical studies demonstrate similar clinical efficacy of
ertapenem compared with other agents. Clinical trials of com-
plicated IAl, acute PI, CSSSI, CAP and complicated UTI,
demonstrated that ertapenem has equivalent efficacy and safety
compared with ceftriaxone and piperacillin/tazobactam.
Ertapenem appears to be a promising new carbapenem with
excellent efficacy and safety for the treatment of a variety of com-
munity-acquired infections. It may also prove to be of great value
in the emergency-room setting, as well as for outpatient parenteral
antimicrobial therapy. Ertapenem represents a new group of
carbapenems. Imipenem and meropenem represent carbapenems
suitable for nosocomial infections, whereas ertapenem is suitable
for community-acquired infections. Ertapenem is challenging the
traditional view of carbapenems as agents to be used as a last
resort [7]. Limiting the use of ertapenem in this manner precludes
its usage in the group of patients most likely to benefit. Ertapenem
should not be used for nosocomial infections.
Several key issues with ertapenem need to be resolved including:
< Will the preferential use of ertapenem versus imipenem and
meropenem for the treatment of community-acquired infec-
tion reduce the selective pressure on Enterococcus spp.,
P. aeruginosa and other nonfermentative Gram-negative bac-
teria commonly associated with nosocomial infections,
resulting in reduced superinfections caused by these organ-
isms and/or reductions in resistance of these organisms to
imipenem and meropenem?
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Will the equivalent efficacy and safety of ertapenem compared
with piperacillin/tazobactam, but with the advantage of once-
daily dosing make ertapenem a preferred agent to use for com-
munity-acquired infections in place of piperacillin/tazobactam?

= And will the excellent efficacy and safety or ertapenem make
this agent the preferred antibiotic in place of ceftriaxone for
outpatient parenteral antimicrobial therapy?

These questions remain to be answered in the future.

/ Key issues

Ertapenem is a new carbapenem developed to address the pharmacokinetic shortcomings of imipenem and meropenem.

Ertapenem, like imipenem and meropenem, has very broad-spectrum activity, but demonstrates limited activity against
Enterococcus spp. and Pseudomonas aeruginosa.

Ertapenem has a long half life, allowing once-daily dosing.
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