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I ABSTRA I MATERIALS & METHODS I RESUL

Background: Ceftolozane (formerly CXA-101) is a novel oxyimino-aminothiazolyl
cephalosporin. Ceftolozane combined with tazobactam is currently under Phase 3 clini-
cal development. We evaluated the activity of ceftolozane/tazobactam (formerly CXA-
201) against Gram-negative organisms isolated from patients in 32 USA hospitals in 2011.

Methods: Susceptibility testing of ceftolozane/tazobactam (tazobactam at fixed 4
ug/ml) and comparators was performed by CLSI broth microdilution methods against
5076 clinical strains, including 973 P. aeruginosa (PSA; 19.1% ceftazidime [CAZ]-non-sus-
ceptible [S]) and 21.7% meropenem [MER]-non-S), 1244 E. coli (13.5% ESBL-phenotype),
840 Klebsiella spp. (16.8% ESBL-phenotype and 3.3% MER-non-S), and 525 Enterobacter
spp. (ESP; 22.3% CAZ-non-S), among others.

Results: Against PSA, ceftolozane/tazobactam (MICsg/90, 1/4 pg/ml) was 2- to 8-fold
more active than CAZ (MICsg/90, 2/32 pg/ml) or cefepime (CPM; MICsg/90, 4/16 pg/ml)
and inhibited 89.6% of MER-non-S strains at MIC of <8 pg/ml. Ceftolozane/tazobactam
exhibited activity against PSA strains non-S to CAZ (MICsq/90, 4/16 pg/ml), to MER
(MICs0/90, 1/16 pg/ml) and to both CAZ and MER (MICsg/90, 4/>32 pg/ml).
Piperacillin/tazobactam (P/T; MICs0/90, 8/>64 pg/ml) was active against 74.6% of PSA at
S breakpoint of <16 pg/ml. Ceftolozane/tazobactam activity against non-ESBL-pheno-
type E. coli (MICs0/90, 0.12/0.25 pg/ml) and K. pneumoniae (MICsq/90, 0.25/0.5 pg/ml) was
similar to that of CAZ (MICsg/90, of 0.12/0.25 and 0.12/0.5 ug/ml, respectively). In con-
trast, ceftolozane/tazobactam was 16- to 32-fold more active than CAZ when tested
against ESBL-phenotype E. coli. Against ESP and Citrobacter spp., ceftolozane/tazobac-
tam (MICso/90, 0.25/8 pg/ml for both) was slightly more active than CAZ (MICsg/90,
0.25/>32 pg/ml for both).

Conclusions: Ceftolozane/tazobactam demonstrated greater potency than currently

I INTRODUCTION

Ceftolozane (formerly CXA-101 and FR264205) is an oxyimino-aminothiazoly!
cephalosporin with greater activity against Pseudomonas aeruginosa when
compared to ceftazidime and cefepime. Ceftolozane has also demonstrated good
activity against Enterobacteriaceae; but similar to other structurally similar cephalosporins,
ceftolozane activity can be adversely affected by bacterial production of extended
spectrum B-lactamases (ESBL) and stably-derepressed AmpC B-lactamases. To
decrease this vulnerability, ceftolozane was combined with tazobactam, a B-lactamase
inhibitor with established safety and efficacy when in combination with piperacillin.

Ceftolozane/tazobactam (CXA-201) is currently under clinical development for
treatment of complicated intraabominal infections (clAl) and urinary tract infections
(cUTI). Population pharmacokinetic analysis have shown that the proposed clinical
dose of 1000/500mg g8h infused over 60 minutes is predicted to achieve >90%
target attainment rate (40% time above MIC) for Enterobacteriaceae and P. aeruginosa
with a MIC of 8 pg/ml. In the present study, we evaluated the in vitro activity of
ceftolozane/tazobactam against Gram-negative organisms isolated from patients in
32 USA hospitals.

I ATERIALS & METHODS

Organism collection: A total of 5,076 clinically significant, consecutively collected,
non-duplicate isolates of Gram-negative bacilli from patients hospitalized in 32 USA
medical centers (2011) were utilized for this study. The organism collection included
973 P. aeruginosa (19.1% ceftazidime-non-susceptible, and 21.7% meropenem-
non-susceptible), 1,244 E. coli (13.5% ESBL-phenotype), 840 Klebsiella spp.
(16.8% ESBL-phenotype and 3.3% meropenem-non-susceptible), and 525
Enterobacter spp. (22.3% ceftazidime-non-susceptible), among others.

This study was funded by Cubist Pharmaceuticals.

Susceptibility testing: Broth microdilution test methods conducted according to the
Clinical and Laboratory Standards Institute (CLSI) were performed to determine the
antimicrobial susceptibility of ceftolozane combined with tazobactam at a fixed
concentration of 4 ug/ml in addition to other comparator agents. Validated MIC panels
were manufactured by ThermoFisher Scientific Inc., formerly TREK Diagnostics
(Cleveland, Ohio, USA). Concurrent quality control (QC) testing was performed to
assure proper test conditions and procedures. QC strains included: Escherichia coli
ATCC 25922 and 35218 and P. aeruginosa ATCC 27853. All QC results were within
published ranges.

Susceptibility percentages and validation of QC results were based on the CLSI
guidelines (M100-S22) and susceptibility breakpoints were used to determine
susceptibility/resistance rates (CLSI and EUCAST, 2012). E. coli and Klebsiella spp.
isolates for which ceftriaxone or ceftazidime MIC were 22 pug/ml were considered to
be phenotype-positive for ESBL production (CLSI, 2012). No interpretive criteria for
ceftolozane/tazobactam susceptibility have been established by CLSI EUCAST or
the USA Food and Drug Administration.

B Against P. aeruginosa, ceftolozane/tazobactam (MICsg/90, 1/4 ug/ml) was two- to
eight-fold more active than ceftazidime (MICsq/g90, 2/32 pug/ml) or cefepime
(MICsq/90, 4/16 pg/ml), and inhibited 94.7 and 97.7% of strains at MIC of <4 and
<8 ug/ml, respectively (Tables 1 and 2 and Figure 1).

Among clinically available B-lactam compounds, the best anti-P. aeruginosa
coverage was provided by doripenem (MICs0/90, 0.5/4 pg/ml; 82.3% susceptible
by CLSI criteria) and ceftazidime (80.9% susceptible; Table 2).

Ceftolozane/tazobactam exhibited activity against P. aeruginosa strains non-
susceptible to ceftazidime (MICso/90, 4/16 pg/ml), to meropenem (MICsg/90, 1/16
Hg/ml) and to both ceftazidime and meropenem (MICsq/90, 4/>32 pg/ml).
Ceftolozane/tazobactam inhibited 80.6 and 89.6% of meropenem-non-susceptible
strains at MIC of <4 and <8 pg/ml, respectively (Table 1).

A total of 1,244 E. coli strains were evaluated and 98.8 and 99.3% of strains were
inhibited at <4 and <8 ug/ml of ceftolozane/tazobactam, respectively (MICso/90,
0.25/0.5 pg/ml; Table 1). Ceftriaxone (MICsq/90, <0.06/>8 pg/ml) and ceftazidime
(MICs0/90, 0.12/2 pg/ml) were active against 87.7/87.7% and 91.5/88.3% of
strains according to CLSI/EUCAST breakpoint criteria, respectively (Table 3).

Ceftolozane/tazobactam activity against non-ESBL-phenotype E. coli (MICsq/90,
0.12/0.25 pg/ml) was similar to that of ceftazidime (MICso/90, of 0.12/0.25 pg/ml).
In contrast, ceftolozane/tazobactam was 16- to 32-fold more active than
ceftazidime when tested against ESBL-phenotype E. coli (data not shown).

Ceftolozane/tazobactam inhibited 91.4 and 92.1% of Klebsiella spp. strains at
<4 and <8 ug/ml, respectively (MICso/90, 0.25/2 pg/ml; Table 1). Ceftriaxone
(MICs0/90, <0.06/>8 pg/ml), ceftazidime (MICsq/90, 0.12/32 pg/ml) and cefepime
(MICs0/90, <0.5/8 pg/ml) inhibited 84.4/84.4%, 86.2/84.9% and 90.0/86.3% at the
CLSI/EUCAST susceptible breakpoints, respectively (Table 3).

Ceftolozane/tazobactam was very active against P. mirabilis (MICsg/g0, 0.5/0.5
pg/ml), including ESBL-producing strains (highest MIC, 1 pg/ml; Table 1). Against
Enterobacter spp. (87.6 and 93.1% inhibited at <4 and <8 pg/ml, respectively)
and Citrobacter spp. (87.9 and 90.8% inhibited at <4 and <8 pg/ml, respectively),
ceftolozane/tazobactam (MICsq/90, 0.25/8 pg/ml for both) was slightly more active
than ceftazidime (MICsq/90, 0.25/>32 pg/ml for both; Table 3).

W Ceftolozane/tazobactam was also active against H. influenzae (MICsg and MICgp,
0.12 pg/ml) and B-haemolytic streptococci (MICso/90, 0.25/0.5 pg/ml; Table 1).
Ceftolozane/tazobactam in vitro activity against S. pneumoniae, as with other
B-lactams, varied according to the susceptibility to penicillin. The highest
ceftolozane/tazobactam MIC value observed among penicillin-susceptible
strains was only 0.25 pg/ml, while penicillin-resistant strains exhibited higher
ceftolozane/tazobactam MIC values (MICsp, 4 pg/ml; data not shown).

B Acinetobacter spp. and S. maltophilia strains exhibited limited susceptibility to
ceftolozane/tazobactam (MICgg, >32 pg/ml) and all B-lactam compounds tested
(Table 2).

Table 1. Summary of ceftolozaneltazobactam activity tested against
the main pathogen groups included in the 2011 report (USA)
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Table 2. Activity of
when tested against non-fermentative Gram-noga!lve bacilli from USA hosplhls (2011)

Organism/antimicrobial MIC (ugimi) %S %R
agent (no. tested) MICy, MICay csi EUCAST
P aeruginosa (973)
Ceftolozaneftazobactam 1 4 - -
Ceftazidime 2 32 8091155 809/19.1
Cefepime 4 i 807/95 807/193
Doripenem 0s 4 823/92 742102
Meropenem 0s 8 7831149 783180
Piperacilin/tazobactam 8 64 7461152 7461254
Levofioxacin 05 >4 7231213 60.4/27.7
Gentamicin El 8 88.1/89 88.1/119
Amikacin 2 8 968114 936132
Colistin 1 2 998/0.1 09.8/02
Acinstobacter spp. (208)
Ceftolozaneftazobactam 8 >32 -1- -
Ceftazidime 2 32 4231524 -
Cefepime 16 >16 4231490 -
Doripenem 8 8 aari- 4471505
Meropenem 8 8 4901485 4861486
Ampicilinisulbactam 16 32 4901332 -1
Piperacilintazobactam 64 64 4471553 -
Levofloxacin >4 >4 4571505 4571543
Gentamicin 8 8 47.11500 4711529
Colistin 0s 2 076124 o76/24
. mattophilia (171)
Ceftolozaneftazobactam 16 >32 -1- -
Ceftazidime 16 32 4271450 -
Cefepime >16 >16 -1 -
Levofloxacin 1 >4 7181159 -1

a. Criteria as published by the CLS! [2012] and EUCAST [2012]
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Table 3. Activity of

when tested against En(erobac(erlaceae from USA hospitals (2011)
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Criteria as published by the CLS| [2012] and EUCAST [2012].
USA-FDA breakpoints were applied [Tygacil Product Insert, 2010].

Includes: K. oxytoca (164 strains), K. ozaenae (3 strains), K. planticola (1 strain), K.
Includes: E. -mg-nn(mm.-) E. amnigenus (1 strain), E. asburiae (6 strains), €. cloacas (385 strains), E. sakazakii (1 strain),

Enterobacter (12 strains)
Includes:

Includes: M. morganii (15 strains), P vuigars (7 sains), P

Citrobacter (17 srai

), and uns;

. S. odoriera (1 sira), . ubidaea (1 siin), and .upaanau Seratia (2 stains).
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| Ceftolozane/tazobactam demonstrated greater potency than currently available
anti-P. aeruginosa cephalosporins (ceftazidime and cefepime) and
piperacillin/tazobactam when tested against P. aeruginosa and
Enterobacteriaceae strains from USA hospitals during 2011.

| Ceftolozane/tazobactam may represent a valuable treatment option for Gram-
negative infections, including those caused by various resistant organisms.
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