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PROPOSED DOSAGE FORMS AND STRENGTHS:

ZERBAXA™ for Injection 1.5 g: powder for reconstitution in single dose vials
containing 1.147 g ceftolozane sulfate (equivalent to 1 g of ceftolozane) and 0.537 g
tazobactam sodium (equivalent to 0.5 g of tazobactam)

ROUTE OF ADMINISTRATION AND DURATION OF TREATMENT:

e 1.5 gevery 8 hours by IV infusion administered over 1 hour for patients >18 years of
age with creatinine clearance (CrCL) >50 mL/min.

e Dosage in patients with impaired renal function:

Estimated CrCL Recommended Dosage Regimen for ZERBAXA™"
(mL/min)

30 to 50 750 mg IV every 8 hours

15 to 29 375 mg IV every 8 hours

(ESRD) on
hemodialysis (HD)

End stage renal disease

A single loading dose of 750 mg followed by a 150 mg
maintenance dose administered IV every 8 hours for the
remainder of the treatment period (on hemodialysis days, the
dose should be administered at the earliest possible time
following completion of dialysis)
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INDICATIONS AND USAGE:
Treatment of the following infections caused by designated susceptible microorganisms:

e Complicated Intra-abdominal Infections
e Complicated Urinary Tract Infections, including Pyelonephritis

RELATED SUBMISSIONS:
®) @

IND 104490

SUMMARY AND RECOMMENDATIONS

From a clinical microbiology perspective the information provided by the Applicant
supports the efficacy of ceftolozane-tazobactam for the treatment of susceptible
microorganisms for the indications of Complicated Intra-abdominal Infections (cIAI) and
Complicated Urinary Tract Infections (cUTI), including Pyelonephritis. Susceptibility
testing interpretive criteria for ceftolozane-tazobactam have been proposed by the
Applicant and are appropriate from a clinical microbiology perspective, however,
discussions with clinical pharmacology within the Agency are still ongoing. See this
review for the Applicant’s and the FDA’s proposed labeling for the clinical microbiology
subsection of the ceftolozane-tazobactam package insert (section 12.4) and references
(section 15). Major revisions include the following:

REVIEWER’S COMMENTS:

1. Quality control ranges for Staphylococcus aureus for ceftolozane-tazobactam
were published in the 2014 version of CLSI M100 (S24), but were not proposed
in the Applicant’s labeling. It is recommended that the labeling include Quality
Control strains S. aureus ATCC® 25923 and S. aureus ATCC® 29213. See
Agency’s proposed labeling for recommended Quality Control ranges.

2. Each value of the MIC quality control (QC) ranges for ceftolozane-tazobactam is
presented by CLSI (M100-S24) in the form of two numbers, one for ceftolozane
and one for tazobactam (i.e. E. coli ATCC® 25922 QC range for MIC is 0.12/4-
0.5/4 mcg/ml). It seems that the MIC quality control ranges for tazobactam were
not represented in the Applicant’s susceptibility test interpretive criteria or quality
control tables (Tables 1 and 2). It is recommended that the concentration of
tazobactam is also provided in the MIC tables.

3. Bacteria in the first and second lists should not include information that pertains
to resistance, because this information may easily become outdated. Additionally,
the resistance mechanisms associated with the bacteria, such as beta-lactamases,
may not be the only ones present in the bacterial strains, nor will clinical

3
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microbiology laboratories typically characterize such beta-lactamases in clinical
isolates.

4. Bacteria in the list that do not have activity against ceftolozane-tazobactam, (i.e.
those that were effectively treated with metronidazole, but not study drug), will
not be listed in the label.

5. Footnotes were added to the quality control table for E. coli ATCC 35218, H.
influenzae ATCC 49247, and K. pneumoniae ATCC 700603, in order to describe
proper handling and storage of these strains.

6. Additional edits to labeling were for clarity, formatting purposes, and to ensure
that the claims presented were supported by substantial data from the Applicant.
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EXECUTIVE SUMMARY

In vitro and In vivo Microbiology Studies

The activity of ceftolozane alone and ceftolozane-tazobactam, have been characterized in
a series of in vivo and in vitro microbiology studies. Ceftolozane-tazobactam was the
most active B-lactam agent tested against P. aeruginosa and was 2- to 8-fold more active
than ceftazidime or cefepime. Ceftolozane-tazobactam demonstrated greater in vitro
activity than piperacillin-tazobactam when tested against Enterobacteriaceae.
Furthermore, with the exception of K. pneumoniae with an ESBL phenotype,
ceftolozane-tazobactam inhibited >90% of Enterobacteriaceae at MIC values <8 mcg/mL.
Notably, 95.5% of E. coli with an ESBL phenotype were inhibited at <8 mcg/mL of
ceftolozane-tazobactam. Additionally, ceftolozane had activity against MDR and
meropenem-resistant isolates of P. aeruginosa. The MIC of ceftolozane was <8 mcg/mL
for approximately 90% of the MDR and 97% of the meropenem-resistant isolates in 2012
United States surveillance data.

Ceftolozane-tazobactam displays time-dependent antibacterial activity against common
gram-negative and select gram-positive organisms, including ESBL-producing
Enterobacteriaceae and other MDR pathogens. Ceftolozane exerts rapid bactericidal
activity by inhibiting essential PBPs, resulting in inhibition of cell-wall synthesis and
subsequent cell death . Ceftolozane is an inhibitor of P. aeruginosa PBP3, thereby
inhibiting pseudomonal cell wall synthesis, cell replication, and viability.

Tazobactam is an inhibitor of common class A and some class C -lactamases that, by
binding to the active site of these enzymes, protects ceftolozane from hydrolysis and
broadens coverage to include ESBL-positive Enterobacteriaceae. Tazobactam is not an
inhibitor of carbapenemases such as KPC and metallo-f-lactamases such as IMP and
VIM.

Single and multiple in vitro passage studies, as well as 10-day hollow-fiber models,
indicate a low potential for development of resistance in P. aeruginosa and ESBL-
positive E. coli. Ceftolozane is stable to P. aeruginosa AmpC hydrolysis because of its
low affinity for that organism's AmpC enzyme. Additionally, ceftolozane is not a
substrate for active efflux and is not affected by the loss of outer membrane protein D
(OprD) in P. aeruginosa, allowing it to remain active against many strains resistant to
carbapenems or other cephalosporins.

The spectrum of activity for ceftolozane-tazobactam includes clinically relevant gram-
negative pathogens, such as members of the Enterobacteriaceae group (E. coli and K.
pneumoniae), non-fermenters such as P. aeruginosa, gram-positive pathogens such as
Streptococcus pneumoniae, and S. anginosus group, and anaerobic pathogens such as B.
fragilis. Ceftolozane-tazobactam has activity against strains of P. aeruginosa that are
resistant to carbapenems, cephalosporins, fluoroquinolones, and/or aminoglycosides,
including many MDR isolates. Ceftolozane-tazobactam combinations were evaluated in
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time-kill studies to characterize in vitro killing kinetics of a range of ceftolozane and
tazobactam combinations. Ceftolozane displayed concentration-dependent activity
against a wild-type strain and B-lactamase (AmpC, CMY-10, CTX-M-15)-expressing E.
coli strains in these time-kill assays. As expected, tazobactam had no activity against any
of the strains when tested alone. The addition of tazobactam to ceftolozane increased the
ceftolozane activity against all evaluated B-lactamase-expressing strains in a
concentration-dependent manner.

Ceftolozane alone and ceftolozane-tazobactam have been evaluated in infection models
including immunocompetent and neutropenic mouse models, including sepsis, UTI, burn
wound, and thigh infection models, and in rabbit models. Ceftolozane was comparable to
or better than, comparator antibacterials when evaluated against all pathogens studied,
including MDR P. aeruginosa.

In summary, ceftolozane-tazobactam is a novel cephalosporin/B-lactamase inhibitor that
has activity against P. aeruginosa, is active against the majority of Enterobacteriaceae,
including most ESBL-producing strains, and has also demonstrated efficacy in animal
model studies.

Clinical Microbiology

Microbiological analysis was conducted in the Phase 3 clinical trial program comprising
the CXA-cUTI-10-04 and -05 and CXA-cIAI-10-08 and-09 studies; a single central
laboratory was used for confirmatory identification and susceptibility testing using
validated broth microdilution and disk diffusion assays following Clinical and Laboratory
Standards Institute (CLSI) methodology. The microbiological data were evaluated by
clinical syndrome, geographic location, and outcomes by study as well as in an integrated
analysis. The primary outcomes were correlated with MIC and zone diameter values for
the baseline pathogens. These data, in combination with surveillance MIC distributions,
animal model efficacy studies, and Pharmacokinetics/Pharmacodynamics (PK/PD)
modeling were used to establish susceptibility interpretive criteria for ceftolozane-
tazobactam.

Overall, the microbiological success rates in the ceftolozane-tazobactam treatment arm
were high and were comparable to the combined comparator arms. In general, the
eradication rates were similar between ceftolozane-tazobactam treatment and the
comparator in the Phase 3 combined data set. Eradication rates for ceftolozane-
tazobactam were higher for the ESBL-positive subgroup of E. coli and K. pneumoniae,
but were lower against enterococci compared with the comparators. Poor eradication of
enterococci would be expected as they are intrinsically resistant to cephalosporins.

The ceftolozane-tazobactam MIC50 and MIC90 values for baseline Enterobacteriaceae

overall (i.e., including ESBL-producing strains) were 0.25 and 1 mcg/mL, and for
baseline P. aeruginosa were 1 and 8 mcg/mL. Overall, baseline resistance to ceftolozane-
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tazobactam was rare among gram-negative aerobic pathogens. The microbiological
eradication rates were high in the ceftolozane-tazobactam treatment arm for pathogens
with ceftolozane-tazobactam MIC values <16 mcg/mL.

Discussions regarding breakpoints are still under discussion within the Agency between
clinical microbiology, clinical pharmacology and clinical reviewers. An addendum to this
review will follow,. A brief description of breakpoints as proposed by the Applicant is
below:

The susceptibility interpretive criteria as proposed by the Applicant are able to
differentiate susceptible and resistant isolates, and are supported by PK/PD probability of
target attainment (PTA) modeling and by the clinical and microbiological success rates in
both the cIAI and cUTI studies. The Applicant’s proposed breakpoints were developed
based on the following information:

* MIC frequency distributions for surveillance and clinical trial isolates of the target
bacterial species. The susceptibilities of the pathogens in the clinical trials were similar to
the large scale surveillance studies.

— Proposed breakpoints are able to differentiate susceptible and resistant populations of
pathogens (e.g., KPC-producing K. pneumoniae).

* Monte Carlo simulations using human PK data, exposure criteria for efficacy
(%T>MIC) observed in animal PD studies, and distribution of isolate MIC values from
surveillance and clinical studies.

* Clinical data demonstrating efficacy of ceftolozane-tazobactam against the indicated
pathogens across the susceptible MIC and zone diameter ranges. On the basis of these
data, the Applicant proposes the ceftolozane-tazobactam interpretive breakpoints
presented in the table below. The list of organisms proposed by the applicant is below the
table.

Table 1: Proposed Interpretive Criteria for Ceftolozane-Tazobactam
® N

I=mtermediate; MI_=rmnmum inhbitory concentration; NA=not applicable; K=Tesistant; >=susceptble
Source: M2.7.2 4 8\Table 127
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The Applicant has proposed the following indications for ceftolozane-tazobactam:
Based on the in vitro activity and clinical efficacy data, ceftolozane-tazobactam is
proposed as indicated for the treatment of cUT]Is, including pyelonephritis caused by
susceptible isolates of the following gram-negative bacteria:

* E. coli

* K. pneumoniae
* P. mirabilis

Based on the in vitro activity and clinical efficacy data, ceftolozane-tazobactam
is proposed as indicated for the treatment of complicated intra-abdominal infections
caused by susceptible strains of the following gram-negative and gram-positive

microorianisms:

* E. coli

* E. cloacae

o K. ineumoniae

* K. oxytoca
*» P. mirabilis

* P. aeruginosa
* S. anginosus
* S. constellatus
* S. salivarius
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INTRODUCTION

Ceftolozane is a novel parenteral cephalosporin with activity against Pseudomonas
aeruginosa. Ceftolozane shares the antibacterial mode of action of other beta-lactams (-
lactams) by targeting penicillin-binding proteins (PBPs) to inhibit the biosynthesis of the
bacterial cell wall and to stop bacterial replication. Ceftolozane is a PBP3 inhibitor, and
shows affinities at least 2-fold higher than those of ceftazidime for essential PBPs (1b, Ic,
2, and 3) in P. aeruginosa. Tazobactam is a “suicide” inhibitor against class A and some
class C B-lactamases, with established in vitro and in vivo efficacy in combination with
active B-lactams.

Ceftolozane displays antibacterial activity against common gram-negative and selected
gram-positive organisms, including pathogens involved in respiratory and other
community- acquired and nosocomial infections, including those caused by streptococci,
Haemophilus influenzae, Moraxella catarrhalis, the majority of pathogenic enteric
bacilli, and selected gram-positive anaerobic species. Ceftolozane also exhibits weak
activity against staphylococci. In general, the anti-gram-positive and -negative profile of
ceftolozane is similar to that of ceftazidime, but its anti-pseudomonal activity is more
than all currently available B-lactams, including the cephalosporins and carbapenems.
Most importantly, ceftolozane has been shown to be active against strains of P.
aeruginosa that are resistant to carbapenems, cephalosporins, fluoroquinolones and/or
aminoglycosides, including the majority of multiple-drug-resistant (MDR) isolates. The
minimum concentration that inhibits 90% of the microbial strains (MIC90) for P.
aeruginosa (MIC90 < 2 mcg/mL) is the lowest among all systemically administered anti-
pseudomonal antibacterials. Like most cephalosporins, it is poorly active against
enterococci, extended-spectrum B-lactamase (ESBL)-producing Enterobacteriaceae, and
gram-negative anaerobes. Tazobactam increases the in vitro activity of ceftolozane
against the majority of ESBL-producing gram-negative bacilli and some AmpC
overexpressed Enterobacteriaceae, as well as against important anaerobic pathogens such
as Bacteroides fragilis. The addition of tazobactam has no significant impact on the anti-
pseudomonal activity of ceftolozane, since P. aeruginosa rarely produces ESBLs. The
antibacterial activity of ceftolozane - tazobactam was greater than that of piperacillin-
tazobactam against Enterobacteriaceae (both ESBL-negative and ESBL-positive isolates)
and P. aeruginosa. Ceftolozane and ceftolozane-tazobactam show time-dependent
bactericidal activity against various gram-negative organisms, including P. aeruginosa.

Common drug resistance mechanisms for cephalosporins, including ceftolozane, have
been established. They are characterized as: 1) drug degradation by selected -
lactamases, such as ESBLs; 2) altered PBPs (e.g., in Enterococcus faecium); and 3)
decreased permeability and overexpression of efflux pumps (certain gram-negative
species). Drug degradation by ESBLs and AmpC is the predominant resistance
mechanism to ceftolozane in gram-negative bacteria. Consequently, ceftolozane is less
stable against some AmpC B-lactamase and ESBLs produced by gram-negative
pathogens. The addition of a B-lactamase inhibitor (BLI), such as tazobactam, increases
its activity against most ESBL-producing pathogens and some AmpC-overproducing
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Enterobacteriaceae. Ceftolozane has activity against drug-resistant P. aeruginosa because
it is relatively stable to hydrolysis by the AmpC enzymes of P. aeruginosa, and is also
little affected by efflux and decreased porin mechanisms of this organism. Single and
multiple in vitro passage studies indicate a low predilection for development of resistance
in P. aeruginosa. Ceftolozane also has anti-biofilm activity in an in vitro test system.

The standard Clinical and Laboratory Standards Institute (CLSI) broth or agar dilution,
and disk diffusion susceptibility assays are applicable for ceftolozane and ceftolozane-
tazobactam. Quality Control (QC) ranges for broth susceptibility assay have been
established for ceftolozane for common aerobic American Type Culture Collection
(ATCC) strains. Growth conditions and test media have minimal effect on the in vitro
antibacterial activity of ceftolozane. No significant increase in minimum inhibitory
concentrations (MICs) was observed in the presence of human serum; indeed, moderate
antimicrobial synergy between ceftolozane and human serum was observed against
selected P. aeruginosa and Escherichia coli isolates. Some synergistic effects were
observed for ceftolozane-tazobactam when combined with other B-lactams,
aminoglycosides, and tigecycline against selected Enterobacteriaceae and P. aeruginosa
isolates.

Ceftolozane has proven to be highly effective in various animal models of infection
caused by both gram-positive and gram-negative bacteria, including drug-resistant strains
of P. aeruginosa. The animal models that have been evaluated include peritonitis,
uncomplicated and complicated pneumonia, and urinary tract infection (UTT).
ceftolozane was also efficacious in neutropenic animal models. Compared to ceftazidime,
ceftolozane consistently demonstrated superior activity against ceftazidime-resistant P.
aeruginosa in these animal models. Furthermore, ceftolozane displayed more rapid
killing than ceftazidime in the neutropenic thigh infection model. The efficacy of
ceftolozane-tazobactam was shown in two animal models of infection caused by ESBL-
producing Enterobacteriaceae. Ceftolozane-tazobactam was superior to piperacillin/
tazobactam against ESBL-producing E. coli in a sepsis model.

The results of an in vivo pharmacokinetic/pharmacodynamic (PK/PD) relationship study,
using a murine thigh infection model with different pathogens, were consistent with the
findings for other B-lactam antibacterials. Efficacy was primarily related to time above
MIC (T>MIC). The magnitude of the T>MIC required for bacterial growth inhibition
varied from species to species. Ceftolozane appeared to require lower T>MIC than other
cephalosporins to achieve stasis or 1-log killing. Based on the in vitro susceptibility
profile of ceftolozane, in vivo efficacy, the current epidemiology of resistance, and
established PK/PD relationship, susceptibility interpretative criteria (breakpoints) have
been proposed by the Applicant for relevant target pathogens.
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In summary, ceftolozane is a novel cephalosporin antibiotic that, in combination with a
the beta lactamase inhibitor (BLI), tazobactam, has broad-spectrum antibacterial
coverage including B-lactam-resistant Enterobacteriaceae and MDR P. aeruginosa. Both
in vitro and in vivo efficacy data support its clinical development as a potential human
therapeutic agent for the treatment of severe bacterial infections caused by susceptible
organisms, including Enterobacteriaceae and P. aeruginosa.

Ceftolozane-tazobactam Clinical Development Program

The ceftolozane-tazobactam clinical development program comprised 13 completed
studies, all conducted in accordance with International Conference on Harmonization
(ICH) and Good Clinical Practice consolidated guidelines and the ethical principles of the
Declaration of Helsinki. Ceftolozane was discovered by Fujisawa (now Astellas) and
Wakunaga Pharmaceutical Companies in March 2001. Calixa Therapeutics licensed
ceftolozane from Astellas in November 2007 and initiated the first human studies, as well
as several non-clinical studies, and made the decision to combine ceftolozane with
tazobactam. Cubist acquired Calixa in December 2009 while the first Phase 2 study in
subjects with cUTI was ongoing.

Nine Phase 1 studies of ceftolozane alone or ceftolozane-tazobactam evaluated a total of
305 subjects and included pharmacokinetic (PK) studies in healthy adults and adults with
renal impairment, a drug-drug interaction (DDI) study, and a thorough QT (TQT) study.
These studies defined the general PK characteristics of ceftolozane alone or ceftolozane-
tazobactam (single and multiple ascending dose studies), effects of intrinsic factors (renal
impairment), effects of extrinsic factors (DDI), tissue distribution (epithelial lining fluid
[ELF] PK), and pharmacodynamics (PD) (QT/corrected QT [QTc] interval). The doses of
ceftolozane and tazobactam evaluated ranged from 250 mg to 3 g and from 250 mg to 1.5
g, respectively.

Two blinded, randomized, controlled Phase 2 studies, designed to assess the safety and
efficacy of ceftolozane alone or ceftolozane-tazobactam, were completed in subjects with
cUTI or clIAl, respectively. The Phase 2 cUTI study included 129 subjects randomized
2:1 to receive ceftolozane alone or ceftazidime, both 1 g administered as an intravenous
(IV) infusion every 8 hours for 7 to 10 days; 127 subjects received study drug. The Phase
2 cIAl study included 122 subjects randomized 2:1 to receive ceftolozane-tazobactam 1.5
g every 8 hours (plus, in most subjects, [V metronidazole 500 mg every 8 hours) or
meropenem 1 g every 8 hours, both administered by IV infusion for 4 to 7 days; 121
subjects received study drug. The primary data that support the safety and efficacy of
ceftolozane-tazobactam in both the cUTI and cIAl indications were derived from 2 large,
identical, multicenter, randomized, double-blind, active-controlled Phase 3 studies per
indication, subsequently pooled to form 1 submission dataset for each indication. A total
of 2076 subjects were randomized in the Phase 3 studies and 2047 received study drug.
The studies were multinational, including sites in North and South America, Eastern and
Western Europe, Australasia, and South Africa, thus providing a broad evaluation across
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populations and regions. The baseline disease characteristics, including the spectrum of
diagnoses and bacteriology, in both the cUTI and cIAI studies, as well as the surgical
procedures performed in the cIAl study, were representative of the epidemiology and
standard-of-care in the United States.

The Phase 3 comparator agents were levofloxacin 750 mg once daily administered as an
IV infusion for the cUTI indication and meropenem 1 g every 8 hours administered as an
IV infusion for the cIAl indication. Although ceftolozane-tazobactam has good in vitro
activity against some common anaerobes, metronidazole was added for treatment of all
patients with cIAI to ensure full anaerobic coverage. Metronidazole is approved and
widely used adjunctively (especially with cephalosporins) in the treatment of mixed
aerobic and anaerobic infections.

Ongoing studies include a blinded, randomized, controlled study comparing ceftolozane-
tazobactam 3 g every 8 hours with meropenem 1 g every 8 hours, both administered by
IV infusion in adult subjects with ventilated-associated bacterial pneumonia and
ventilated hospital-acquired pneumonia, as well as pediatric and special population PK
studies.
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ACTIVITY IN VITRO
A summary of data related to the in vitro activity of ceftolozane-tazobactam is below:

Antimicrobial Spectrum of Activity

Antimicrobial spectrum of activity includes clinically relevant gram-negative pathogens
including members of the Enterobacteriaceae such as E. coli and K. pneumoniae, non-
fermenters such as P. aeruginosa, gram-positive pathogens such as S. pneumoniae and S.
pvogenes and anaerobic pathogens such as B. fragilis. Large scale surveillance studies of
ceftolozane and ceftolozane-tazobactam were performed in laboratories in the United
States (US), Canada, the United Kingdom/Ireland, and the European Union (EU). More
than 33,000 contemporary (2008-2012) clinical isolates were tested for ceftolozane-
tazobactam susceptibility using a fixed concentration of tazobactam (4 mcg/mL). These
studies included over 4,000 US isolates (2008), over 10,000 US isolates (2011, 2012),
over 11,000 EU isolates (2011, 2012). Non-duplicate isolates were collected from
patients with serious infections including bloodstream infections, acute bacterial skin and
skin structure infections, and respiratory tract infections in hospitalized patients. MIC
values were determined using standard broth microdilution or agar dilution methods
according to the Clinical and Laboratory Standards Institute (CLSI) documents M7-A8
and CLSI documents M7-A9 for 2011 and 2012 US and EU surveillance data. For United
Kingdom surveillance, the British Society for Antimicrobial Chemotherapy utilizes the
agar dilution method of Andrews. Manufactured frozen ®% sensititre panels’ ®%

were used in one of
these studies while manufactured dried form panels were used in four of these studies.
For anaerobic antimicrobial susceptibility testing, agar dilution methodology was used
according to the CLSI document M11-A7. Susceptible and resistant breakpoints for
comparator antibacterials were based on CLSI criteria in document M100-S17 for studies
prior to 2011, document M100-S22 for 2011 US and EU surveillance studies and M100-
S23 for 2012 US and EU surveillance. The table below summarizes the spectrum of
activity of ceftolozane-tazobactam against over 33,000 contemporary isolates from 2008
(US only) and 2011-2012 (US, Canada, United Kingdom and EU).

The activity of ceftolozane-tazobactam against multi-drug resistant E. coli, K.
pneumoniae and P. aeruginosa, was generated as a subset of data from the large scale
surveillance data. Activity against anaerobic species, gram-positive organisms,
ceftazidime resistant and susceptible organisms, and non-fermentative gram-negative
bacilli are included. Finally, ceftolozane-tazobactam MIC distributions generated using
combined 2008, 2011 and 2012 surveillance data against the most frequently encountered
pathogens in surveillance was provided in a study report. Smaller studies have been
completed to further elucidate the activity of ceftolozane-tazobactam against isolates with
defined resistance genotypes and phenotypes.
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Selection of the Appropriate Concentration of Tazobactam for In Vitro
Susceptibility Testing of Ceftolozane-Tazobactam

Susceptibility testing for ceftolozane-tazobactam is performed with a fixed 4 mcg/mL
concentration of tazobactam which appears to distinguish tazobactam sensitive ESBL-
positive gram-negative bacilli from organisms carrying tazobactam resistant
B-lactamases like KPC and IMP enzymes. This testing methodology was verified using
ceftolozane and ceftolozane-tazobactam at fixed concentrations or at fixed ratios. In
general, the concentration of tazobactam has a direct effect on the activity of ceftolozane
only against strains of ESBL-positive gram-negative bacilli and some AmpC
overexpressing Enterobacteriaceae.

Table 2: Effect of Different Tazobactam Concentrations on the Ceftolozane MIC

Distribution for Escherichia coli ESBL-Positive Isolates in the 2008 P9 us
Surveillance Study
Number of Isolates at each MIC (ug/mL)*
Antibiotic Tazobactam 012 | 025 | 05 1 2 4 8 ~8
concentration
ceftolozane 0 2 2 2 3 6 3 30
ceftolozane 2:1 2 1 - 9 12 15 -
ceftolozane 41 2 2 2 5 10 12 11 4
ceftolozane Fixed 4 2 14 16 12 3 1
ceftolozane Fixed 8 - 15 15 10 2 1 1
*ESBL phenotype was determined according to CLSI M100-S19 [18] criteria

Abbreviations: MIC = minimum inhibitory concentration.
Source: M5.3.5 4\CXA201-M-003

The CLSI approved method for susceptibility testing of ceftolozane-tazobactam and
Piperacillin-tazobactam uses a fixed 4 mcg/mL concentration of tazobactam. This has
become the generally accepted method for in vitro testing of B-lactamase inhibitor
compounds.

Summary of Activity against Wild-Type and Resistant Enterobacteriaceae
Ceftolozane-tazobactam has activity against Enterobacteriaceae (see table below). In five
large surveillance studies, the activity of ceftolozane-tazobactam was demonstrated
against clinical isolates of Enterobacteriaceae including antibiotic resistant isolates.
Ceftolozane-tazobactam compares favorably to comparator agents such as ceftazidime,
meropenem, piperacillin/tazobactam and levofloxacin against Enterobacteriaceae.
Ceftolozane-tazobactam is active against E. coli with greater than 99% of strains having
an MIC value less than or equal to 8 meg/mL. The MIC50/90 for E. coli 1s 0.25/0.5
mcg/mL, and for strains with an ESBL phenotype the MIC50/90 1s 0.5/4 mcg/mL. No
differences in MIC50/90 were detected between 2011 and 2012 EU and US surveillance
for this organism.
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Table 3: Summary of Activity of Ceftolozane-Tazobactam and Comparators
Against Escherichia coli and E. coli with ESBL Phenotype from 2012 US

Surveillance
Genus/species (N) Antibiotic MICs (png/mL) MICgp (ng/mL) Range (pg/mL)
Escherichia coli ceftolozane/ - -
025 05 0.06-=32
(1447) tazobactam
piperacillin/ 5 g <0564
tazobactam
ceftazidime 0.12 2 =0.015-=32
meropensm =0.06 =0.06 <0.06-8
E. coli ESBL ceftolozane/
=gya 5 12-=32
phenotype (159) tazobactam 03 4 0-12-=3
piperact g =64 164
tazobactam
ceftazidime 16 =32 0.5-=32
meropensm =0.06 =0.06 =0.06-8

# ESBL defined using CLSI M100-523 (2013) [17] criteria
Abbreviations: ESBL = extended spectrum beta-lactamase; MICs; = minimum inhibition concentration of 50%:
MICy; = minimum inhibition concentration of 90%: N = number.

For multi-drug resistant (MDR) E. coli isolates, the ceftolozane MIC50/90 is 0.5/4
mcg/mL while the ceftazidime MIC50/90 is 16/>32 mcg/mL.

Table 4: Summary of Activity of Ceftolozane-Tazobactam and Comparators
Against Multi-Drug Resistant (MDR) Escherichia coli

Genus/species (N) Antibiotic MICg, (ng/mL) MIC,y, (ng/mL) Range (ng/mL)
Escherichia coli ceftolozane/ 0.3 4 0.12-=32
(9?4)ah tazobactam
piperacillin/ g =64 =0.5-=64
tazobactam
ceftazidime 16 =32 0.06-=32
meropenem =0.06 =0.06 =0.06--8

* Multi-drug resistance is defined as resistance to at least 3 different classes of antibiotics

® 2011 and 2012 Combined US and EU surveillance (M5.3.5 4\CXA 017 MC. M5 3.5 4\CXA 022 MC,
M33.5ACKA 48 MC, M5.3.54\/CXA 054 MC)
Abbreviations: N = mumber; MIC;;, = minimum inhibitory concentration of 50%; MIC,, = minimum inhibitory

concentration of 90%.

Ceftolozane-tazobactam has similar activity against isolates of Citrobacter koseri,
Morganella morgannii, Pantoea agglomerans, Proteus mirabilis, Proteus vulgaris,
Providencia rettgeri, Salmonella spp, Serratia liquefacians and Serratia marcescens.
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The MIC90 for all of these species is <1 mcg/mL. The activity of ceftolozane-tazobactam
was also tested against species of Klebsiella and Enterobacter. As with other
cephalosporins, the ceftolozane-tazobactam MIC90 values are somewhat higher against
these two genera than with other members of the Enterobacteriaceae. The ceftolozane-
tazobactam MIC50/90 for wild-type K. pneumoniae is 0.25/16 mcg/mL and for isolates
with an ESBL phenotype, the MIC90 is >32 mcg/mL. The ceftazidime MIC90 for ESBL
phenotype K. pneumoniae is also >32 mcg/mL and the meropenen MIC90 is >8
suggesting that KPC positive K. pneumoniae were included in this group of isolates. For
Enterobacter aerogenes, the ceftolozane-tazobactam MIC50/90 is 0.25/4 mcg/mL while
for E. cloacae, it is 0.25/8 mcg/mL. One exception to this trend was Klebsiella oxytoca,
an organism that has a naturally occurring ESBL encoded in its chromosome. The
ceftolozane-tazobactam MIC50/90 for this organism is 0.25/1 mcg/mL.

Table S: Summary of the Activity of Ceftolozane-Tazobactam and Comparators
Against Klebsiella pneumoniae and K. pneumoniae with ESBL Phenotype from 2012
US Surveillance

Genus/species (N) Antibiotic MICs (ng/mL) MICg (ng/mL) Range (ng/mL)
Klebsiella ceftolozane/ he
2 =32
preumoniae (630) tazobactam 0.25 32 0.06-3
: i
piperacillin 4 ~64 <0564
tazobactam
ceftazidime 0.12 =32 =0.03--32
meropenem =0.06 0.25 =0.06-=8
Klebsiella
prenmoniae ceffolozane/ 32 1 02532
ESBL phenotvpe tazobactam
127y
: i
prperaciiuy =64 ~64 1-=64
tazobactam
ceftazidime =32 =32 1=32
meropensm 0.25 =8 =0.06-=8

* ESBL defined using CLSI M100-523 (2013) [17] criteria
Source: CXA 048 MC
Abbreviations: ESBL = extended spectrum beta-lactamase; N = number; MICs; = minimum inhibitery
concentration of 50%; MICy; = minimum inhibitory concentration of 90%.

The activity of ceftolozane-tazobactam has been evaluated against genotypically
characterized resistant isolates. These studies utilized genetically engineered or
molecularly characterized isolates with diverse B-lactamases.

The addition of tazobactam potentiates the in vitro activity of ceftolozane against the
majority of Enterobacteriaceae including isolates with AmpC overexpression or common
ESBLs such as TEM, CTX-M and SHV. Genotypically defined resistance due to CTX-
M-14 and CTX-M-15 B-lactamases in E. coli and K. pneumoniae are summarized in the
table below.
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The MIC50/90 for E. coli strains harboring CTX-M-14 and CTX-M-15 is <0.25/1
mcg/mL and 0.5/2 mcg/mL respectively while for K. pneumoniae harboring CTX-M-15,
the MIC50/90 is 1/64 mcg/mL. Ceftolozane-tazobactam is not active against KPC-2
harboring K. pneumoniae for which the MIC50/90 is >16mcg/mL.

Table 6: Summary of Ceftolozane-Tazobactam against Enterobacteriaceae with
Molecularly Characterized Markers of Resistance

Number of i .

. : Rane .

Stan | Enmme | swame | MGy | MG | Ranse | Daa pocled from
tested pneg ne (ng/mL) | referenced studies

E. coli CTX-M-15 120 0.5 2 <0.25-=64 [11.[2]
K . CTX-M-15 12 1 64 0.5-=64 [1]
pneumoniae
E. coli CTX-M-14 60 =25 1 <0254 [11.12]. [4]
K . KPC-2 33 =16 =16 16-=16 31
pneumoniae

"Source: Titleman et al.. 2011 [20]

fSource: M5.3.54CX-BD-001

“Source: Sader et al, 2011 [21]

*Source: M5.3.5 4'CXA 057 MC

Abbreviations: KPC = Klebsiella pneumoniae Carbapenemase; MICsy = minimmum inhibitory concentration of 50%:
MICyp = minimum inhibitory concentration of 90%.

Ceftolozane-tazobactam has activity against wild type and B-lactamase positive
Haemophilus influenzae. The MIC50/90 for both is 0.12/0.25 mcg/mL.

Summary of Activity Against Wild-type and Resistant Non-fermentative Gram-
negative Bacilli

The activity of ceftolozane-tazobactam was determined for recent clinical isolates of
non-fermentative gram-negative bacilli. Ceftolozane-tazobactam has activity against P.
aeruginosa, the sixth most frequently occurring pathogen according to the US Healthcare
National Safety Network. Ceftolozane-tazobactam was the most active B-lactam agent
tested against P. aeruginosa (MIC50/90 0.5/4 mcg/mL) and was 2 to 8-fold more active
than ceftazidime or cefepime. In combined US and EU 2011 and 2012 surveillance of
MDR P. aeruginosa isolates, the ceftolozane-tazobactam MIC50 is 4 mcg/mL, the lowest
of all agents tested.
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Table 7: Summary of Activity of Ceftolozane-Tazobactam and Comparators against
Multi-Drug Resistant (MDR) Pseudomonas aeruginosa

Strain (number of | Antibiotic MICs (pg/mL) MICo (pg/mL) Range (ng/mL)
strains tested)
FPseudomonas ceftolozane .\ - )
aeruginosa (940" | tazobactam 4 - 0.25-23
. i
prpetacs ~64 ~64 164
tazobactam
ceftazidime 32 =32 1-=32
meropenem 3 =8 <0.06-=8

*Combined 2011 and 2012 US and EU surveillance (M3.3.5 \CXA 017 MC, M5 3.5 £CHA 022 MC,
M3354CNA 048 MC, M33.5 /CXA 054 MC)

® Multi-drug resistance is defined as resistance to greater than or equal to 3 different classes of antibiotics

Abbreviations: MICs; = minimum inhibitory concentration of 50%s; MICg = mininmm mhibitory concentration of

90%.

In addition, the ceftolozane-tazobactam MIC50/90 is 1/4 mcg/mL against carbapenem-
resistant (non-MDR) P. aeruginosa isolates (MIC >8 mcg/mL for both imipenem and
meropenem), while the ceftazidime MIC50/90 is 8/128 mcg/mL and the
piperacillin/tazobactam MIC50/90 is 32/>64 mcg/mL. Ceftolozane-tazobactam also
shows activity against clinical isolates with partial and fully derepressed AmpC. The
MICS50/90 for ceftolozane-tazobactam against these strains is 2/8 mcg/mL while for
ceftazidime, it is >32/>32 mcg/mL and for piperacillin/tazobactam it is >64/>64 mcg/mL.
For clinical strains with decreased oprD expression, the MIC50/90 for ceftolozane-
tazobactam is 1 /2 mcg/mL while for ceftazidime it is 8/>32 mcg/mL and for piperacillin-
tazobactam it is 16/>64 mcg/mL. Of note, most of these clinical strains had additional
resistance mechanisms such as AmpC derepression and over production of RND family
efflux pumps.

In 2012 US surveillance, the MIC50/90 for wild type P. aeruginosa is 0.5 /2 mcg/mL
while for 2012 EU surveillance it is 0.5/16 mcg/mL. This difference in MIC90 is due to
regional differences within Europe in resistance patterns. This difference was noted for
all agents tested except colistin with ceftolozane-tazobactam still being the second most
active agent (next to colistin). Isolates from some countries, especially Poland, Russia
and Ukraine, had high resistance rates to antipseudomonal cephalosporins and
carbapenems. In contrast, isolates from five other EU countries (France, Germany, Italy,
Spain and the UK) averaged greater than 96% susceptible at a ceftolozane-tazobactam
MIC value <8 mcg/mL and had a MIC50/90 of 0.5/2 mcg/mL which is the same as the
US MIC50/90 for P. aeruginosa.

From the 2011 European surveillance, 175 out of 991 (17.6%) P. aeruginosa isolates had
ceftolozane-tazobactam MIC values >16 mcg/mL. These isolates were further
characterized to understand what resistance mechanisms were involved. Analysis of the
subset of strains with ceftolozane-tazobactam MIC >16 mcg/mL (n=139) revealed that
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approximately 70.5% of these P. aeruginosa carried metallo-p-lactamase-encoding
genes. Twenty-six per cent (25.9%) of these isolates carried genes encoding ESBLs
and/or oxacillinases.

It is known that ceftolozane-tazobactam has no activity (MIC range 16->32 mcg/mL)
against strains expressing metallo-p-lactamases including IMP, VIM, SPM and §-
lactamases such as VEB, PER and GES. Comparator antibacterials such as
piperacillin/tazobactam, ceftazidime, cefepime and imipenem also lack activity against
isolates expressing these enzymes (MIC range 8 to >32 mcg/mL). Ceftolozane alone was
tested against 100 P. aeruginosa isolates from 50 cystic fibrosis (CF) patients, as the first
and last isolated strain from each patient, with a mean time between the two isolates of
67.6 £ 39.2 months. The overall MIC50/90 was 0.5/2 mcg/mL. Notably, ceftolozane was
the only antibiotic tested in which the percent susceptibility based upon MIC value did
not decrease in the set of early isolates as compared to late set of isolates. The percent
susceptibility for ceftolozane-tazobactam was 95% for the first set of isolates and 96%
for the last set of isolates. This contrasts with ceftazidime where the percentage of
susceptible isolates dropped from 75% to 70% and piperacillin/tazobactam where the
percentage of susceptible isolates dropped from 87% to 84%. Ceftolozane-tazobactam
exhibited modest activity against Acinetobacter spp, Acinetobacter
calcoaceticus/baumannii complex, Achromobacter xylosoxidans and Stenotrophomonas
maltophilia. The MIC50/90 for these organisms was 1/ 32 mcg/mL, 16 / >32 mcg/mL,
32/>32 mcg/mL and 16/>32 mcg/mL respectively. Better activity was

demonstrated against Acinetobacter Iwoffi (MIC50/90 0.12 /32 mcg/mL) and
Burkholderia cepacia, (MIC50/90 1 /4 mcg/mL), a pathogen associated with CF patients.

Summary of Activity Against Gram-positive Aerobic Bacteria

The in vitro activity of ceftolozane-tazobactam against Streptococcus pneumoniae varied
according to susceptibility to penicillin. When tested against penicillin-susceptible
strains, the MIC50/90 is <0.12/0.12 mcg/mL, for penicillin-intermediate strains, the
MIC50/90 is 1/4 mcg/mL and for penicillin-resistant strains, MIC50/90 is 8/16 mcg/mL.
Ceftolozane —tazobactam demonstrated activity against S. pyogenes and S. agalactiae.
The MIC90 for both groups is < 0.5 mcg/mL. Activity was also demonstrated against
viridans streptococci including the S. anginosus group (S. anginosus, S. constellatus and
S. intermedius) and S. salavarius/vestibularis group. The MIC50/90 for the S.anginosus
group is 1/4 mcg/mL and the S. salavarius/vestibularis group 0.5/1 mcg/mL.
Ceftolozane-tazobactam has limited activity against Staphylococcus aureus [MSSA
(MIC50/90 16/32 mcg/mL) and MRSA (MIC50/90 64/>64 mcg/mL)]. It is also inactive
against Enterococcus faecalis (VSE and VRE) and Enterococcus faecium (VSE and
VRE) with a MIC50 of >64 mcg/mL. The MIC50/90 for Staphylococcus epidermidis
MSSE is 8/8 mcg/mL and for S. epidermidis MRSE the MIC50/90 is 16/32 mcg/mL.
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Summary of Activity Against Gram-positive and Gram-negative Anaerobic
Bacteria

Ceftolozane-tazobactam has variable activity against anaerobic species. Studies have
been conducted evaluating the activity of ceftolozane and ceftolozane-tazobactam against
common anaerobe species. Ceftolozane-tazobactam has activity against the following
species based on the MIC50/90 values: Bacteroides fragilis (1/4 mcg/mL), Clostridium
perfringens (0.25/32 mcg/mL), Fusobacterium species (< 0.125/0.25 mcg/mL) and
Prevotella species (< 0.125 /1 mcg/mL). Lesser activity is seen against other species in
the Bacteroides fragilis group (MIC90 values range from 8-32 mcg/mL) and activity was
limited against both C. difficile and other Clostridium spp (MIC90 > 256 mcg/mL).

Table 8: In Vitro Activity of Ceftolozane-Tazobactam Against Clinical Isolates from
US, EU, British and Canadian Surveillance Programs

MIC (pg/mL)
Genus/ Species Number of Isolates Tested Range MIC:, | MIC,,
(u)
Achromobacter xylosoxidans 22 0.5-=32 32 =32
Acingtobacter calcoaceticus/baumannii 1260 <0.013- 16 =32
complex 64
Acinetobacter Iwoffii LS _'DEJ%E 0.12 32
32
Acinetobacter spp. 33 _'DEJ%E 1 32
24
Burkholderia cepacia 21 0.25-8 1 4
Citrobacter braakii 45 0.06-16 025 8
Cimrobacter freundii 544 =0.06-=32 0.25 3
Cimrobacter freundii (CAZ susceptible) 403 =0.06--32 0.25 0.5
Cimrobacter freundii (CAZ non-susceptible) 141 0.25-=32 g 32
Cirobacter koseri 325 0.06-=32 0.25 0.5
Cimrobacter spp. 61 0.06-=32 0.25 3
Enterobacter asrogenes 607 =0.12=32 025 4
Enterobacter asrogenes (CAZ susceptible) 445 <0.12-2 023 035
Enterobacter asrogenes (CAZ non- 162 0.25-=32 2 3
susceptible)
Enterobacter asburias 48 0.03-16 025 2
Enterobacter cloacae 2166 0.03 =64 025 8
Enterobacter cloacae (CAZ susceptible) 1501 0.03-=32 0.25 05
Enterobacter cloacae (CAZ non-susceptible) 573 0.12-=64 4 32
Enterobacter spp. 29 0.12-16 0.23 4
Escherichia coli 0420 0.03-=64 0.25 0.5
Escherichia coli (ESBL) 1146 0.06-=64 0.5 4
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MIC (pg/mL)
Genus/ Species Number of Isolates Tested Range MIC:; | MIC,,
n)
Escherichia coli (CAZ susceptible) 8335 0.03-=32 0.25 0.25
Escherichia coli (CAZ non-susceptible) 874 0.06--64 0.3 4
Hoemophilus influenzae 1423 =0.015-32 012 0.235
Hasmaphilus influsnzae (f-lactamase 243 <0.015- 012 0.25
positive) 0.25
Hafnia abvei 20 0.12-8 1 4
Elebsiella oxytoca 899 0.03-=32 025 |
Elebsiella oxytoca (ESBL) 109 0.12=32 1 32
Klebsiella oxytoca (CAZ susceptible) 872 0.03-8 023 0.5
Klebsieila oxytoca (CAZ non-susceptible) a7 0.12=32 16 =32
Elebsiella pneumoniae 4410 0.03-=64 025 16
Elebsiella pneumeniae (ESBL) 994 =0 0664 4 =32
Elebsialla pneumeoniae (CAZ susceptible) 3458 0.06-16 0235 035
Elebsiella pneumeniae (CAZ non- o952 0.12=64 8 =32
susceptible)
Klebsiella spp. 46 0.12-8 025
Moraxella catarrhalis 472 =0.013-1 =0.015 012
Morganella morganii 608 0.06-=32 0.25 0.5
Morganella morganii (CAZ susceptible) 518 0.06-4 025 0.3
Morganella merganii (CAZ non-susceptible) o0 =0.12=32 0.5 32
Pantoea agglomerans 16 01203 025 025
Proreus mirabilis 1600 0.03-32 0.5 0.5
Proteus mirabilis (ESBL) g3 0.25-32 1 8
Proteus vulgaris 132 0.25-4 -5 1
Providencia rettgeri 54 0.03-4 0.12 0.5
Providencia stuarfii 68 0.06--32 0.3 2
Preudomonas aeruginosa 6316 0.03-=64 0.5 4
Pseudomonas aeruginosa (CAZ susceptible) 4982 0.03-=32 0.5 1
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MIC (ng/mL)
Genus/ Species Number of Isolates Tested Range MIC;:; | MIC,
(m)
Fseudomonas aeruginosa (CAZ non- 1334 02564 4 =32
susceptible)
FPseudomonas aeruginosa (CAF. non- 1782 01264 1 =32
susceptible)
FPseudomonas aeruginosa (TZP non- 1738 01264 2 =32
susceptible)
Psendomonas pufida 20 0.5=32 1
FPseudomonas spp. 59 0.25=32 1
Salmonelia spp. 16 0.250.3 0.5 0.5
Serratia liquefaciens 56 0.12-4 05 1
Serratia marcescens 1614 01264 0.3 1
Serrafia marcescens (CAZ susceptible) 1571 0.12=-32 0.5 1
Serratia marcescens (CAZ non-susceptible) 43 02564 4 =32
Stenotrophomonas maltophilia 600 05=64 16 =32
Streptococcus pneumoniae 1600 =0.015-=32 | =0.12 2
Streptococcus pneumoniae (PEN-5) 1309 =0.015-32 0.06 0.12
Streptococcus pneumeoniae (PEN-I) 207 0.06-16 2 3
Streptococcus pneumoniae (PEN-E) 24 =0.06-=32 3 16
Streptococcus pyogenes (Group A) 388 =0.06-2 012 0.23
Streptococcus agalactiae (Group B) 134 =0.12-1 05 05
Enterococcus faecalis 223 4-=64 64 =64
Enterococcus faecium 95 3264 =64 =64
Staphylococcus aurens (WMRSA) 382 32-=64 64 =64
Staphylococcus aureus (MSSA) 1340 0.25-54 16 32
Staphylococcus epidermidis 144 0.5=64 16 64

Source: M3.3.3 4\CXA 022 MC 2011 US Surveillance

Source: M3.3.3 SICHA 017 MC 2011 EU Surveillance

Source: M3.3.3 S\CXHA201-M-003 2008 US Surveillance

Source: 2011 BSAC Bacteremua Resistance Surveillance and 20102011 Respiratory Resistance Surveillance
Source: M3 3.3 SICHA 018 MC 2011 Canadian Surveillance (CANWARD)

Source: M3.3.3 4\CXA 043 MC 2012 US Surveillance

Source: M3.3.3 SICXKA 054 MC 2012 EU Surveillance

Source: 2012 BSAC Respiratory Resistance Surveillance

Various parameters that can affect the determination of the in vitro activity of
antibacterials were investigated. Ceftolozane and tazobactam were shown to be stable
under test conditions. Additionally, MIC values were not affected by variations such as
agar versus broth microdilution, addition of serum or surfactants, pH, inoculum density,
calcium ion (Ca2+) concentration, or CO2 tension.

23

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Bactericidal Activity

Ceftolozane-tazobactam demonstrated time-dependent bactericidal activity against target
gram-negative pathogens, including MDR strains. The bactericidal activity of ceftolozane
and of ceftolozane-tazobactam was assessed with the minimum bactericidal concentration
(MBC) method, with time kill experiments, and by visualizing live and dead cells
microscopically using differential fluorescent staining techniques. Morphological
changes associated with bactericidal effects were also visualized in bacteria treated with
ceftolozane-tazobactam and ceftolozane alone using scanning electron microscopy (data
not shown). Additionally, ceftolozane-tazobactam and ceftolozane alone were shown to
be bactericidal in vivo in the neutropenic mouse thigh infection model.

Minimum Bactericidal Concentration

MBC values were determined according to CLSI document M26-A. For ceftolozane
alone, the MBC values for 10 E. coli and 10 K. pneumoniae strains, all of which were
ceftazidime-susceptible, ranged from 0.25 to 1 mcg/mL and were 1-2 times the MIC.
Against 20 strains of P. aeruginosa, including 5 ceftazidime-resistant strains, the
ceftolozane MBC values ranged from 0.5 to > 8 mcg/mL, and the MBC/MIC ratios
ranged from 2 to > 8. Additionally, MBC/MIC ratios ranged from 1 to > 8 for B. cepacia
and 1 to 8 for S. pneumoniae (including 1 penicillin-resistant and 6 penicillin-
intermediate isolates). Finally, the MBC/MIC ratio for all 5 B-lactamase positive M.
catarrhalis and 5 S. pyogenes was 1. The MBC values of ceftolozane-tazobactam (with
fixed 4 mcg/mL tazobactam) was determined for clinical isolates of E. coli (N = 20; all
ESBL-positive) and the same number of ESBL-positive clinical isolates of K.
pneumoniae, as well as 10 clinical isolates of P. aeruginosa (5 ceftazidime-susceptible
and 5 —resistant). The broadest range and the highest MBC values were observed for the
K. pneumoniae isolates; these parameters were also reflected in the MIC distribution
(data not shown). The MBC/MIC ratios were < 4 for all but 2 of the isolates tested.

Table 9: Minimum Bactericidal Concentrations of Ceftolozane-Tazobactam Against
Gram-negative Organisms

Organism N MEC (ug/mL)

Range S0%%9 209
E. coli 20* 0.25-4 0.5 2
K pneumoniae 20* 0.12 -=32 4 =32
F. aeruginosa 10° 05-32 2 4

* All isolates produced extended spectrum f-lactamases.

* 5 1solates were ceftazidime-susceptible and 3 were ceftazidime-resistant.
Source: M5 3.5 4\CXA201-M-003
Abbreviations: MBC = mimmum bactericidal concentrations; N = mumber.
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Time Kill Studies

Time kill studies are a more dynamic measure than MBC determination of the
bactericidal potency of antibacterials because the bactericidal activity of antibacterials
can be followed over time, in parallel with the growth of the unexposed control.
Additionally, the use of different antibiotic concentrations and exposure times permits
determination of whether the bactericidal activity is concentration-dependent or time-
dependent, a factor that may affect the in vivo pharmacodynamics of an antibiotic and
help determine the optimum regimen for a drug.

Ceftolozane

As expected for a B-lactam agent, the time kill kinetics of ceftolozane were shown to be
time-dependent. Ceftolozane time kill kinetics were followed over 24 hours of exposure
to concentrations equal to 1X, 4X and 8X the MIC values previously determined by broth
microdilution. Experiments were performed according to CLSI Document M26-A. The
overall results, summarized in demonstrated that exposure to concentrations of
ceftolozane equal to 8X the MIC or less resulted in reductions of at least 3 log10
CFU/mL after < 24 h in all strains tested. In addition, ceftolozane was bactericidal at 4X
the MIC for the majority of strains evaluated.

Table 10: Summary of Bactericidal Activity of Ceftolozane in Time Kill Studies

. Isolate MIC Bactericidal activity at 24 h®
Organism Phenotype ~ .
Number (ng/ml) | IXMIC | 4XMIC | SXMIC

CTZ-R 1731934 2 - + +

CTZ-R 1731888 2 + +
F. aeruginesa

CTZ-S 1731923 1 + +

CTZ-S 1731884 1 + +

CTZ-5 1732283 0.25 + +
E. coli

CTZ-5 1732281 0.25 + +

CTZ-5 1732269 0.5 - - +
E pneumoniae

CTZ-5 1732356 0.5 - - +

NA 1732173 2 + +
B. cepacia

NA 1732174 2 + +
M. catarrhalis NA 1732257 1 + + +
5. pneumoniae Pen-5 1731673 2 - + +
* + =3 logyy decrease in viable cells (CFU/mL) as compared with the initial moculum; -, = 3 logy, decrease in

CFU/mL.

Abbreviations: CTZ = ceftazidime; h = hours; MIC = mimmum inhibitory concentration; WA = not applicable;
Pen = penicillin; . = resistant; 5 = susceptible;
Source: M3 3.3 HCHA101-M-001

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

In another study, the viable count of P. aeruginosa strain PAO1 (ceftolozane MIC value
0.5 mcg/mL) was reduced by > 3 logl0 CFU/mL after 24-h exposure to 1X or 4X the
MIC of ceftolozane. Ceftazidime and imipenem had < 3 log10 reductions CFU/mL at the
same MIC multiples (data not shown). Similar results with P. aeruginosa strain PAO1
were demonstrated in another study, using a higher starting inoculum. In this study, the
bactericidal activity of ceftolozane was also followed over time by fluorescence
microscopy using live-dead staining (data not shown).

Ceftolozane-tazobactam

A time kill kinetics study of ceftolozane-tazobactam was conducted with 2 strains each of
P. aeruginosa and E. coli, including one ATCC strain and one MDR strain of each
species. The MDR strains were resistant to most -lactam antibacterials, and to
gentamicin and fluoroquinolones; the MDR E. coli strain (but not the P. aeruginosa
strain) was susceptible to carbapenems. The ceftolozane-tazobactam MICs against the
ATCC and MDR P. aeruginosa were 0.5 mcg/mL and 2 mcg/mL, respectively and
against the ATCC and MDR E. coli, the MICs were 0.25 mcg/mL and 2 mcg/mL,
respectively. Against both of the E. coli strains and the susceptible strain of P.
aeruginosa, all tested concentrations of ceftolozane-tazobactam (i.e., as low as 1 mcg/mL
ceftolozane + 4 mcg/mL tazobactam) produced at least a 3 log10 reduction in CFU/mL
within < 24 h. Against the MDR strain of P. aeruginosa, a sustained drop in CFU/mL of
approximately 3log10 was seen within 4 h of exposure to concentrations of 16 mcg/mL
or higher of ceftolozane in combination with 4 mcg/mL tazobactam.

In another time kill study, strains of E. coli and K. pneumoniae (two of each species were
ESBL-negative and two were ESBL-positive), and P. aeruginosa (two each ceftazidime-
susceptible, ceftazidime-resistant and imipenem-resistant) were exposed to 2X, 4X and
8X the MIC of ceftolozane-tazobactam. Greater than a 3 log10 drop in viable count was
observed after 24-h exposure to 8X the MIC with all 4 E. coli strains and 3 of 4 of the K.
pneumoniae strains. In several cases, extensive killing was seen with lower
concentrations and/or after shorter exposure times. In the case of P. aeruginosa, the
extent of killing varied from 2.5 to 3.3 logl0 CFU/mL for 4 of the 6 strains, including
one ceftazidime-resistant (MIC >128 mcg/mL) strain and both imipenem-resistant strains
(data not shown).

Mechanism of Action

Ceftolozane

Ceftolozane shares the basic chemical and biological attributes and mechanism of action
with other -lactam antibacterials. The primary mechanism of action is inhibition of the
transpeptidation step of bacterial peptidoglycan biosynthesis by inactivation of PBPs. The
binding of B-lactams to PBPs leads to acylation of specific serine residues within the
active site of these enzymes, resulting in inactivation of their transpeptidase activity.
Affinity for PBPs is the principal variable determining the antibacterial spectrum and
potency (growth inhibition and bactericidal activity) of B-lactam antibacterials. The
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affinity for PBPs was analyzed by a competition assay using the fluorescent penicillin,
BOCILLIN FL (Molecular Probes, Eugene, OR, USA). The binding affinities of drugs
for PBPs were determined by an assay in which the membrane was incubated with a
series of drug dilutions before being treated with BOCILLIN FL. PBPs were separated by
SDS-polyacrylamide gel electrophoresis and detected by fluorography. The affinity of the
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antibiotic for PBPs was expressed in terms of the concentration required to inhibit

fluorescent penicillin binding by 50% (IC50) as compared with a control in the absence
of the tested antibacterials using the Quantity One software. Low IC50 values correspond

to high affinity for PBPs.

Ceftolozane is a PBP3 inhibitor and has higher affinity than ceftazidime for the P.

aeruginosa PBPs (1b, 1c and 3) that are essential for cell wall synthesis, cell replication
and viability. Compared to imipenem, ceftolozane demonstrated higher affinity for PBP3
and PBP1b but a lower affinity for PBP2 and PBP1c (See table below). A second study to
examine PBP binding by ceftolozane in P. aeruginosa and E. coli was conducted. PBP
binding values for P. aeruginosa corroborated the earlier study, with the exception of
PBP2 (PBP2 IC50 >50 mg/L). This discrepancy may be due to differences across labs,
different membrane extracts used, or may due to a more limited range of values used to
generate the IC50 curve in the initial study. For E. coli, ceftolozane showed comparable

values to ceftazidime except for PBP1c.

Table 11: Inhibitory Concentration (IC50) Values of Ceftolozane, Ceftazidime, and
Imipenem for Pseudomonas aeruginosa PAO1 Penicillin Binding Proteins (PBPs)

PEP Ceftolozane (mg/L) Ceftazidime (mg/L) Imipenem {mg/TL)
b 0.07+0.01 0.12+0.03 0.13+0.01

le 0.64=0.17 =2 0.08=0.005

2 1.36=0.56 =2 0.08+0.01

3 0.02=0.007 0.04=0.03 0.12=0.2

4 0.20:0.05 1.23=0.49 0.02+0.03

516 =2 =2 0.2+0.09
MIC (ng/mL) 0.5 1 1

Source: M3.3.5 #CHAI01-M-013

Reviewer’s Comment

PBP2 binding affinities did not appear to be reproducible for PBP2 for Pseudomonas

aeruginosa.
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Table 12: Inhibitory Concentrations (IC50) Values of Ceftazidime, and imipenem

for Escherichia coli Penicillin Binding Proteins (PBPs)

PEF Ceftolozane (mg/L) Ceftazidime (mg/L) Imipenem {mg/TL)
b 2322 0.300 0.12

lc =50 1.72 0.025

2 =50 238 <0.0035

3 0.0258 0.0057 4

4 =50 =30 =0.0013

5/6 =30 =30 0.07

Source: M5.3.5 4\C3A 080 MC

When P. aeruginosa PAO1 cells are incubated with sub-inhibitory concentrations of
ceftolozane (0.5X MIC, 0.25 mcg/mL), live/dead staining shows the cells producing long
filaments which indicates inhibition of cell septation and is correlated with inhibition of
PBP3 activity (See figure below).

Figure 1: Morphological Changes in Pseudomonas aeruginosa after 2 hour Exposure
to Ceftolozane

Left panel: TO.
Fight panel” 2 hours of Exposure to Ceftolozane at (.25 pg/ml (0.5X MIC).

Tazobactam

Beta-lactamase inhibitors such as tazobactam enhance and extend the activity of B-lactam
antibacterials such as ceftolozane and piperacillin against organisms producing
susceptiblep-lactamases. Tazobactam has no intrinsic antibacterial activity (MIC >16
mcg/mL). Tazobactam is an irreversible inhibitor of B-lactamases and can bind covalently
to chromosomal and plasmid-mediated bacterial B-lactamases. In a kinetic study,
tazobactam demonstrated reversible binding kinetics prior to irreversible inactivation.
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Enzyme Kinetics for Tazobactam

In a 1994 study, Payne et al. examined the B-lactamase inhibitory activities of clavulanic
acid, sulbactam, and tazobactam against 35 isolated plasmid-mediated -lactamases (20
ESBLs and the 15 conventional spectrum plasmid-mediated B-lactamases). Overall,
clavulanic acid and tazobactam had equivalent activity against the sets of enzymes
evaluated. However, each inhibitor had a distinct inhibition profile. Tazobactam was
more active than clavulanic acid against TEM-2, OXA-2 and OXA-5 while clavulanic
acid was more active for SHV-1, SHV-5 and TEM-5. In another study, the inhibition
kinetics for tazobactam against three Class A beta-lactamase enzymes, TEM-1, CTX-M-
15, and CTX-M-14, were examined. This study demonstrated that tazobactam is a
superior inhibitor to clavulanic acid and sulbactam against these enzymes.

Tazobactam has an IC50 that is up to 110-fold more potent, less tazobactam is
hydrolyzed per enzyme inactivation event, and tazobactam remains bound to the enzyme
to a comparable or better extent based upon the degree of deacylation measured.

Stability to Common Penicillinases

One common feature of cephalosporin antibacterials is their excellent stability to
common penicillinases. Although no extensive enzymology analysis has been conducted
to examine the stability of ceftolozane to these B-lactamases. Ceftolozane appears to be
stable to most of the common penicillinases based on its activity against organisms
carrying characterized B-lactamases. The activity of ceftolozane and other B-lactams
against selected gram-negative strains expressing different f-lactamases was examined in
two studies [CRE060042, CX-BD-001 ].
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Table 13: Effect of Selected Beta-lactamases on the Susceptibility of Gram-negative
Aerobic Organisms to Ceftolozane (CXA-101) and Comparators

Class of _ P MIC (pg/mL)
lactamase Enzyvme Type/Strains _ -
B CXA101 | C€AZ MP

TEM P aeruginosa FP2056 0.3 4
OXA P. aerugimosa FP1190 0.5 1 1
PSE P. aerugimosa FP2055 0.5 2 2

Class A ~
TEM3 E. coliFP1714 2 32 0.25
TEM7 E. coliFP1718 32 64 0.25
CAZ2 E. coli FP1720 16 =128 0.25
SHV4 E. coli FP1723 32 =128 0.25

Class B IPM1 P. aeruginosa FP2058 =128 =128 64
AmpC (Id) P aeruginosa FP1380 4 =128 0.5
AmpC (Ia) S. marcescens FP1184 1 1 0.5

Class C —
AmpC (Ib) E. coli FP1186 0.125 0.5 0.125
AmpC Inducible P aerugimosa FP1448 0.3 2 1
AmpC Constitutive P aerugimosa FP1799 1 32 1
OXA2 P aerugimosa FP1800 64 128 2

Class D OX}AS P aerugimosa FP1801 2 2 1
OXAb P. aeruginosa FP1799 g 2 2
PSE2 P aeruginosa FP1802 1 2 1

Abbreviations: CAZ = Ceftazidime; IMP = Imipenem.
Source: CREDG0042.

The tables below show the activity of ceftolozane against selected laboratory-engineered
beta-lactamase-producing E. coli strains. Many strains producing class A enzymes remain
susceptible to ceftolozane. Compared with ceftazidime, ceftolozane is slightly more
active against most of these f-lactamase-producing strains. The MIC elevation, or shift,
with ceftolozane in P. aeruginosa strains expressing Class C enzymes was much less
pronounced than that with ceftazidime, indicating relatively greater stability of
ceftolozane to hydrolysis by overexpressed AmpC.
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Table 14: Activity of Ceftolozane (CXA-101) Against Selected Laboratory-
Engineered Beta-lactamase-Producing E. coli Strains

E. coliPhenotype' MIC (ug/ml)
CXA- 1IN Ceftazidime

J533 OXA-1 025 025
J53 OXA-2 025 025
J53 OXA-3 0.5 1
J53 0XA4 025 025
J53 OXA-T 2 1
J53 SHV-1 025 0.5
J53 SHV-2 4 16
J62 TEM-1 0.125 025
J53 TEM-2 0.125 0.125
J62 TEM-3 0.5 8
DHS5a CTX-M-15 (nsert seq) 2 0.5
DHS5a CT-M-3 4 0.5
J53 HMS5-1 025 025
J62 L¥A-1 025 025
J53 PSE4 0.5 0.5

ANl E coli strains were molecularly engineered to include different and highly expressed -lactamases.
Source: CX-BD-001.

Tazobactam

Tazobactam, a triazolymethyl penicillanic acid sulfone derivative, is structurally similar
to sulbactam with the exception of a triazole ring, which facilitates binding of tazobactam
to B-lactamases. Tazobactam, an irreversible inhibitor of B-lactamases, can bind
covalently to chromosomal and plasmid-mediated bacterial B-lactamases. Half maximal
inhibition values of tazobactam were 4- to 210-fold lower after 5 minutes of
preincubation compared with no preincubation, indicating that tazobactam is either an
irreversible inhibitor or a tight-binding competitive inhibitor [Bryson, 1994]. In a kinetic
study with all major classes of B-lactamases, tazobactam demonstrated reversible binding
kinetics prior to irreversible inactivation [Bush, 1983]. Similar to clavulanic acid,
tazobactam is active against a broad range of gram-negative, plasma-mediated -
lactamase enzymes, including TEM, OXA, SHV, CTX, HMS and PSE enzymes
[Cullmann, 1990; Payne, 1994]. Tazobactam also maintains some activity against
derepressed AmpC. Tazobactam potentiates the activity of B-lactams, such as
piperacillin, against Enterobacteriaceae, Bacteroides spp., and other gram-negative

31

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

bacteria that produce ESBLs or have hyper-production of AmpC. Beta-lactamase
induction by a beta-lactamase inhibitor (BLI) could reduce the activity of a co-
administered B-lactam. Tazobactam has not been shown to induce chromosomally
mediated enzymes in Enterobacteriaceae to the same extent as a dose of clavulanate
[Bryson, 1994]. An increase in concentration of clavulanic acid was associated with
mcreased production of cephalosporinase, whereas increased enzyme production was
only observed with very high concentrations of tazobactam. These findings show that
tazobactam is only a weak inducer of f-lactamases. Detailed enzymatic kinetic studies
are essential in elucidating the mode of action of mechanism based BLIs. Tazobactam
was characterized in various enzymatic and microbiological studies [Cullmann, 1990;
Payne, 1994; Fornara, 1997; Perilli, 1999]. In this document, some of the data for
tazobactam are reviewed. The interactions of tazobactam and other BLIs with various
plasmid and chromosomally mediated -lactamases from clinical isolates were
mvestigated [Cullmann, 1990]. As shown in the table below, the affinity of tazobactam
for tested P-lactamases was 0- to 100-fold higher than that of sulbactam; its KI values
ranged from 1.1 x 10® to 5.0 x 10 mol/L for class III and V enzymes and from 4.1 x 10"
%t0 3.5 x 10” mol/L for Class I enzymes. Clavulanic acid had high affinity for all
penicillinases, but the affinity was generally weaker than that of tazobactam for enzymes
from gram-negative organisms.

Table 15: Affinity of Tazobactam and other Beta-lactamase Inhibitors for Various
Beta-lactamases

Copyright Material Withheld

Source: Cullmann 1990.

In a comprehensive study, Payne (1994) examined the B-lactamase inhibitory activities of
clavulanic acid, sulbactam, and tazobactam against 35 isolated plasmid-mediated [-
lactamases (20 ESBLs, and the 15 conventional spectrum plasmid-mediated, -
lactamases) [Payne, 1994]. The crude enzymes were prepared from cell lysates of E. coli
transconjugants and other gram negative species with defined enzymes. The activities of
inhibitors were measured as the IC50 values for the hydrolysis of nitrocefin by a
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particular B-lactamase. Tazobactam and clavulanic acid had similar activity against the 35
different B-lactamases (see table below). Both tazobactam and clavulanic acid were more
potent than sulbactam.

Reviewer’s Comment

Clavulanic acid and tazobactam were both potent against the sets of enzymes evaluated.
However, each inhibitor had a distinct inhibition profile. The IC50 value of clavulanic
acid for S. aureus Russell, SHV-1, SHV-5, MJ-1, and TEM-5 was 8.1-, 4.7-, 5.9-, 4.8-,
and 9.3-fold lower, respectively, than that of tazobactam. In contrast, tazobactam was
more active than clavulanic acid against TEM-2, Enzyme C, Enzyme D, OXA-2 and
OXA-5 (3.6-, 3.4-, 4.0-, 137- and 12.3-fold, respectively).

Table 16: Inhibitory Activity of Tazobactam and Other Beta-lactamase Inhibitors
Versus Various Beta-Lactamases
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Source: Payne 1994.

The comparative spectra and activities of tazobactam and other inhibitors are summarized
in the table below. In general, both tazobactam and clavulanic acid are more active than
sulbactam against the majority of common B-lactamases. Tazobactam appears to be more
active than clavulanic acid against some of the Class I, chromosomally mediated f3-
lactamases. Enzyme inactivation, as determined by enzyme activity half-life, was 8 to
1000 times faster with tazobactam than with clavulanic acid against all Class I, AmpC-
type enzymes [Akova, 1990]. In addition, tazobactam was more potent than clavulanic
acid against B-lactamases produced by Bacteroides spp.

Table 17: Summary of Inhibitory Activity of Tazobactam and Other Beta-
Lactamase Inhibitors

* Based on the Richmond and Sykes classification.

3 Graded based on ICs as follows: +++=ICs < 0.05 pg/mL; ++ = ICs >0.05 to < 0.5 pg/mL; +=1ICs >0.5 to
<5ugmL; 0=ICs;> 5 pg/mL.

Source: Bryson 1994.
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Reviewer’s Comment

Tazobactam has inhibitory activity against staphylococcal penicillinases and many of the
B-lactamases isolated from gram-negative bacteria, including Richmond and Sykes types
IL, II1, IV, and V, as well as chromosomal I B-lactamases. Theses enzymes include TEM
and SHV B-lactamases, and ESBLs.

Reviewer’s Comment

The nomenclature and classification system of beta-lactamases may be expressed in
terms of functional or structural similarities between the beta-lactamases, or as a
combination of the two. These classification systems are also evolving as new beta-
lactamases are being discovered, and as the relatedness between them is being evaluated.

Tazobactam also demonstrated moderate activity against the remaining Type I enzyme
subtypes. However, like other inhibitors, it does not have meaningful activity against
metallo-B-lactamases or Class D B-lactamases. The enzymatic inhibitory activity of
tazobactam results in excellent synergistic activity of tazobactam and B-lactams against
B-lactamase-producing organisms. In addition to piperacillin, tazobactam has been shown
to have synergistic activity with many other B-lactam antibacterials including amoxicillin,
ampicillin, carbenicillin, cefotaxime, cefoperazone, ceftriaxone and cefpirome [Bryson,
1994]. Tazobactam is expected to have good synergistic activity with ceftolozane against
common ESBL- or AmpC-producing gram-negative organisms.

Ceftolozane -Tazobactam

The synergistic antibacterial mode of action of ceftolozane-tazobactam was evaluated in
a comprehensive susceptibility study by examining the activity of ceftolozane-
tazobactam against a special collection of Enterobacteriaceae isolates with characterized
B-lactamase resistance mechanisms [CX-BD-001]. The study was performed using a set
of genetically engineered or molecularly characterized clinical isolates with various 3-
lactamase producing mechanisms. As demonstrated in the tables below, the addition of
tazobactam significantly enhanced the in vitro activity of ceftolozane or ceftazidime
against the majority of Enterobacteriaceae, including isolates with AmpC or common
ESBLs (including SHV, TEM, CTX-M and OXA); the MIC was reduced from > 32
mcg/mL to < 8 mcg/mL for most isolates tested. However, as expected, based on the
spectrum of activity of tazobactam, ceftolozane-tazobactam was poorly active against
isolates with class B enzymes, like PER-1 and IMP-1. The results were consistent with
previous findings for tazobactam in combination with other B-lactams [Bryson, 1994;
Schoonover, 1995; Gin, 2007].
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Table 18: Activity of Ceftolozane (CXA-101) Against AmpC-Inducible Mutants

ngr‘:]ilﬂl Genus and Species — — AIc {_ug.-'mL). -
CXA-101 CXATAZ CAZ CAZTAZ

C2-CON Citrobacter freundii 16 4 64 32
C4-CON C. freundii 32 4 128 32
C10-CON C. freundii 16 2 4 32
84-CON E. cloacae 32 8 128 64
100-CON E. cloacae 1 0.25 16 1
684-CON E. cloacae 16 4 128 o4
MI1-CON Morganella morganii 2 0.125 4 =0.030
M3 M. morganii 8 0125 16 =0.030
M6-CON M. morganii 1 0.06 2 =0.030
V3-CON P.vulgaris 4 1 025 0.06

Abbreviations: CATAZ = CXA-101/ tazobactam; CAZ = Ceftazidime; TAZ = Tazobactam; CON =
Constitutively expressed.

Note: A fixed concentration of tazobactam (4 pg/mL) was used.

Source: CX-BD-001.

Table 19: Activity of Ceftolozane (CXA-101)-Tazobactam Against Transconjugate
E. coli Strains

Strain of E. colf MIC (ng/mL)
CXA-101 CXATAZ CAZ CAZTAZ

J53 OXA-5 32 05 128 05
J53 SHV-2 4 2 16 8
J53 SHV-4 64 16 =128 128
J53 SHV-5 o4 1 =128 4
J53 TEM-6 64 0.5 =128 2
J53 TEM-9 =128 8 =128 16
J53 TEM-10 64 1 =128 2
DHS5a CTX-M-15 2 0.125 0.3 0.125
DHS5a CTX-M-3 4 025 0.3 0.125
DH5a CTX-M-15 32 025 16 0.125
DHS5a IMP-1 32 32 16 16
J53 PER-1 =128 16 =128 16

Abbreviations: CATAZ = CXA-101/ tazobactam; CAZ = Ceftazidime; TAY = Tazobactam.
L Genetically engineered isolates.

Motes: A fixed concentration of tazobactam (4 pg/ml) was used.

Source: CX-BD-001.
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Table 20: Activity of Ceftolozane (CXA-101)-Tazobactam Against ESBL-Producing
Enterobacteriaceae Isolates

Strain Enzyme/Phenotypes MIC (ng/ml)
CXA-101 | CXATAZ | CAZ | CAZTAZ

E. coli
H041280204 CTX-M-3 16 0.3 2 0.5
H044020180 CTX-M-14 32 1 4 1
HO45000482 CTX-M-gp8 16 05 4 1
H052600198 CMY + CTX-M-15 4 1 3 8
JAB FRENCH CTX-M-2 =128 2 =128 2
E0409 CTX-M-13 32 2 8 1
E0553 CTX-M-15 32 025 2 025
E0550 CTX-M-15 64 05 32 0.5
Birmingham 1 CTX-M-26 128 05 128 0.5
Birmingham 2 CTX-M-25¢ 2 0.3 1 025
LN07037 ESBL 64 0.3 32 025
LN06024 ESBL ES) 05 =128 2
SE01031 ESBL 16 05 128 1
SE01061 ESBL 8 025 64 0.5
SE02017 ESBL 2 025 16 025
H041280204 CTX-M-3 16 05 2 0.5
H044020180 CTX-M-14 32 1 4 1
HO45000482 CTX-M-gp8 16 05 4 1
HO50480301 CTX-M-gp2 16 05 4 0.5
H052600198 CMY + CTX-M-15 4 1 2 g
JAB FRENCH CTX-M-2 =128 2 128 2
E04090 CTX-M-15 32 2 g 1
E0353 CTX-M-13 32 025 2 025
E0550 CTX-M-15 64 05 32 0.5
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Table 20: Activity of Ceftolozane (CXA-101)-Tazobactam Against ESBL-Producing
Enterobacteriaceae Isolates (Continued)

Strain Enzyme Phenotypes MIC (nginl)
CXA-101 | CXATAZ | CAZ | CAZTAZ

K. pnenmoniae

LNO01001 CTX-M1gp =128 2 32 1
SE08055 CT¥-M1gp =128 4 64 0.5
SE08097 CTX-M1gp 128 1 32 0.5
SE08100 CTX-Mi-gp 128 1 32 0.5
1 ESBL 4 0.125 32 025
9 ESBL 4 0.25 32 0.5
32 ESBL 32 8 128 2
18 ESBL 8 05 64 0.5
SE08073 CT¥-Mlgpg 32 025 8 025

Abbreviations: CXA/TAZ = CXA-101/ tazobactam; CAZ = Ceflazidime; TAZ = Tazobactam.
Note: A fixed concentration of tazobactam (4 pg/ml) was used.
Source: CX-BD-001.

Table 21: Activity of Ceftolozane (CXA-101)-Tazobactam Against Other

Enterobacteriaceae
— ) MIC (ng/mL)

Strain Species PhenotPe ' —-3 701 [ CANTAZ | CAZ | CAZTAZ
E395 E. cloacae CTX-Mgp-9 1 0.25 1 025
SE06069 E. cloacae CTX-M 1 group 8 0.5 32 0.5
SE06009 E. cloacae CTX-M 1 group 32 16 =128 8
SE06002 E. sakazakii CTX-M 1 group 8 0.5 64 0.5
SE01077 E. sakazakii CTX-M 1 group 32 0.5 16 0.5
SE03021 E. cloacae ESBL 8 0.25 64 0.5
LN10096 E. cloacae ESBL 025 025 0.25 025
LN09067 E. cloacae ESBL 32 16 =128 8
LN09057 E. cloacae ESBL 8 0.5 64 2
LN08011 E. sakazakii ESBL 8 0.25 64 2
SE08075 E. sakazakii ESBL 16 4 64 2
LN10022 E. sakazakii ESBL 8 0.5 64 1
LN02004 E. aerogenes AmpC 8 16 =128 128
LN08097 C. freundii AmpC 4 1 32 8
LND8096 C. freundii AmpC 8 0.5 32 1
LN08063 C. freundii AmpC 8 4 64 32
LN08051 C. freundii AmpC 8 4 64 32
LIN03041 C. freundii AmpC 8 2 64 32
LN03054 C. freundii AmpC 4 1 16 4
LIND4034 C. freundii CTX-M 1 group =128 4 128 2
LN0D7003 C. freundii ESBL 2 0.5 128 0.5
LN03002 C. freundii AmpC 8 4 32 2
LN10025 M. morganii AmpC 2 0.125 2 =0.030
LIN08024 M. morganii AmpC 16 0.25 32 0.06
SE06031 M. morganii CTX-Ml1gp 8 0.125 1 =0.030
Pas9 P. mirabilis ESBL =128 4 =128 025
LND8012 Serratia odorifera ESBL 8 0.25 64 025

Abbreviations: CXA/TAZ = CXA-10

Reference ID: 3635749

/[ tazobactam; CAZ = Ceftazidime; TAZ = Tazobactam.
Note: A fixed concentration of tazobactam (4 pg/mL) was used.
Source: CX-BD-001.
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Mechanisms of Resistance

Ceftolozane

The resistance mechanisms for ceftolozane are classified in the several main categories:
drug inactivation, alteration of target sites or low affinity to PBPs, and decreased outer
membrane permeability and active efflux. The mechanisms of resistance are detailed
below.

Drug Inactivation

For cephalosporins, including ceftolozane, hydrolysis by B-lactamase is the most
common resistance mechanism in gram-negative bacteria. The -lactamases are a group
of diversified enzymes that can be classified into four major classes (A, B, C, and D),
according to their genomic background and enzymatic activities. Although B-lactamases
have different affinities for different B-lactams, they inactivate these antibacterials by
splitting the amide bond of the - lactam ring. Ceftolozane is stable against most
penicillinases, but it remains sensitive to enzymatic degradation by Class B
metalloenzymes, Class D enzymes, and ESBLs produced by some Enterobacteriaceae
and Acinetobacter isolates. It may also be degraded by some AmpC derepressed mutants
of Enterobacteriaceae. In study CX-BD-001, ceftolozane was shown to be sensitive to
degradation by various ESBL and AmpC enzymes, as well as by Class B B-lactamases.
The addition of a B-lactamase inhibitor, such as tazobactam, was able to fully restore the
activity of ceftolozane against the majority of ESBL-positive strains and some AmpC
producing isolates.

AmpC p-lactamase

Many gram-negative bacilli carry chromosomal ampC genes which can produce AmpC
B-lactamases under certain inductive conditions. The overproduction of AmpC may result
in different level of resistance to B-lactams. In one study, the induction of AmpC
production was evaluated in P. aeruginosa [Takeda 2007b]. The induction level of AmpC
B-lactamase in P. aeruginosa PAO]1 is indicated in the figure below. Ceftolozane
concentrations below 1 mcg/mL did not induce the expression of AmpC B-lactamase.
Although ceftolozane induced expression of AmpC B-lactamase to a slightly greater
extent than ceftazidime at concentrations of 10 mcg/mL and 100 mcg/mL, ceftolozane
was more active than ceftazidime against AmpC-producing organisms because of its
greater stability to AmpC B-lactamase.

Reviewer’s Comment
The moderate in vitro induction of AmpC production in P. aeruginosa appears to have no

impact on the activity of ceftolozane against this organism. However, ampC derepressed
mutations in Enterobacteriaceae did result in high MICs of ceftolozane.
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Figure 2: Induction of AmpC Enzyme Production in Pseudomonas aeruginosa
Copyright Material Withheld

Source: Takeda 2007b

The effect of the level of AmpC B-lactamase expression on the antipseudomonal activity
of ceftolozane and its stability to purified pseudomonal AmpC B-lactamases were
examined (CRE060042, CXA101-M-014, CXA201-M-013, M5.3.5.4\CXA.021.MC).
The activity of ceftolozane was tested against P. aeruginosa PAO1 and genetically
modified PAOlstrains that produce high levels of AmpC. Ceftolozane activity was
conserved against all single and combined mutations leading to AmpC hyper-production
with only the ampD-dacB (AmpC over-expression-PBP4) knockout producing

a 4-fold increase in ceftolozane MIC value. Of note, this particular mutation shows the
highest fold increase in AmpC expression. In contrast, ceftazidime, cefepime,
piperacillin/tazobactam and aztreonam showed several-fold increases in MIC values,
particularly in strains with multiple mutations (see table below).

Table 22: Activity of Ceftolozane and Comparator Antibacterials Against
genetically Modified Strains of Pseudomonas aeruginosa PAO1 Producing Different
Amounts of AmpC Beta-lactamase

P. aeruginosa Fold increase in
strain designation MIC (pg/mL) ampC
Expression®

CXA | CAZ | FEP | PTZ | ATM | IMP | MER | Baseline Induced

PAO1 (parent) 05 2 2 2 - 2 0.5 1 50=14
PAAD (PAO1 knockout mutant) | 0.5 8 4 16 8 2 2 48=4 134=11
PAADDR3 (PAO1 ampD- 1 32 8 | 128 32 2 2 191£52 | 1014297
AmpDh3 knockout mutant)
PAADDK3Dh2 (PAOlampD- 1 32 8 | 128 32 1 1 1020+87 | 1105=88
ampDh2-ampDDh3)

PAAdB (PAO1 dacB (PBP4) 1 32 | 16 | 64 | 32
knockout mutant)

[}

05 21=11 23267

2

32 | 256 | 128 2 2 1770=414 | 1950=480
PAADAB (PAO1 ampD-dacB
knockout mutant

* Data represent ampC expression levels under basal and cefoxitin (50 pg/mL)-induced conditions
Abbreviations: ATM=aztreonam: CAZ=ceftazidime; CXA=ceftolozane: FEP=cefepime, IMP=imipenem.
MER=meropenem MIC = minimum mhibitory concentration; PTZ=piperacillin/tazobactam.

Source: [9]. M5.3.5.4CXA101-M-014

40

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Similar data were generated for ceftolozane using twelve clinical P. aeruginosa isolates
that exhibited either partial or full derepression of the ampC gene. In general, ceftolozane
was 8 to >64-fold more than ceftazidime and 16 to >128-fold more than
piperacillin/tazobactam (CXA201-M-013). The kinetic parameters of P.aeruginosa
AmpC with ceftolozane as a substrate were also analyzed using purified AmpC enzyme.
The results suggest greater stability of ceftolozane to hydrolysis by AmpC due to its low
affinity (high Km) for the AmpC enzyme compared to ceftazidime.

Table 23: Kinetic Parameters of Pseudomonas aeruginosa Purified AmpC Beta-
lactamase with Ceftolozane and Ceftazidime as Substrates
Copyright Material Withheld

* Values are mean = standard deviation of five independent experiments.
® Km value determined as the Ki value in competition experiments.
Source: [2]
Abbreviations: K, = Michaelis-Menten rate constant; s = seconds; kcat=catalytic constant
Source: [2]= [Takeda, 2007b]

Other B-lactamases

Like other third generation cephalosporins, such as ceftazidime, ceftolozane remains
vulnerable to most Class A ESBLs and Class B and Class D enzymes (see tables below).
Addition of a beta-lactamase inhibitor, such as tazobactam, was able to inhibit the
majority of ESBLs and increase the potency of ceftolozane against enzyme-producing
Enterobacteriaceae. In P. aeruginosa, resistance resulting from ESBLs, Class D and
Class A enzymes remains rare in most areas. Two mechanistic studies have been
performed to examine ceftolozane -resistant P. aeruginosa [Giske 2009; CXA101-M-
010]. The strains tested represented a low percentage of ceftolozane -resistant isolates
identified during studies to examine carbapenem-resistant P. aeruginosa. The resistant P.
aeruginosa isolates were carefully phenotyped and genotyped to define the precise
resistance mechanisms. As demonstrated in the tables below, the B-lactamases that are
responsible for resistance to ceftolozane included an OXA-10 variant, OXA- 144, OXA-
17, OXA-14, OXA-32, PER-1, GES-2, GES-9, VEB-2,VIM-2 and some unknown [3-
lactamases. Moreover, most of the ceftolozane -resistant 1solates were MDR, with broad
resistance to f-lactams and other classes of antipseudomonal drugs. Only one isolate
(OXA-32) had a reduced MIC when tazobactam was added. See also mechanism of
action section of this review for data tables related to beta-lactamases.
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Reviewer’s Comment

The B-lactamases that are responsible for resistance to ceftolozane included an OXA-10
variant, OXA- 144, OXA-17, OXA-14, OXA-32, PER-1, GES-2, GES-9, VEB-2,VIM-2.
Only one isolate (OXA-32) had a reduced MIC when tazobactam was added.

Table 24: Characterization of 11 Ceftolozane (CXA-101) Nonsusceptible Isolates of
P. aeruginosa

P. aeruginosa .
’;]‘:('"'_’l'm""“ AMK MER FEP TOB caz cr Jiti3 37 cxa | cxams | cxaTs
Tsolate Clone (PFGE)
IC2 PTOLI OXA-17 32 64 ~64 32 54 1 64 64 3] [ 64
ic3 PTOL1 ONXA-17 E5] 64 62 ] [ ) [ (] 64 [ [
1E1 PpAl ONA- 14T 16 16 16 64 - 64 8 ~64 ~64 2 32 16
1E2 PpAl OXA- 14 32 32 32 64 64 16 64 64 64 64 2
1E3 PpA2 OXA-10 variant 32 64 64 - 64 54 1 16 64 32 32 32
182 RCA2 PER-1 1 16 32 0.12 64 0.25 64 16 64 32 16
D5 SAl VM2 16 16 16 ] 16 g -62 16 [ [ [
3Cl VALG ND 2 4 64 0.12 - 64 05 64 64 64 8 ]
ice GMT ONA-14d 4 4 I 16 0 2 [ 1 E5] 16 3
3Co GM1 OXA-1H 4 4 4 16 32 2 64 4 2 16 ]
D2 GM2 ESBLpI7.5" 8 4 32 8 - 64 2 64 64 32 16 16
Abbreviations: AMK = Amikacin; CAZ = Ceftazidime; CIP = Ciprofloxacin; CXA = CXA-101; CXA/T4 = CXA-101/ tazobactam (4 ug/nL fixed concentration;
CXA/TS = CXA-101/ tazobactam (8 pg/mL fixed concentranon). FEP = Cefepime. IMP = Inup : MER = Merop . ND = None detected, PTZ =

Piperacillin/ tazobactam; TOB = Tobramycin
* New OXA ESBL (OXA-2 derivative), described for the first time in this study
The ESBL gene was not ident:fied with the set of PCR used for detection.
Source: CXA101-M-010

Table 25: Activity of Ceftolozane (CXA-101)-Tazobactam and Comparators Against

Drug Resistant Isolates of P. aeruginosa
Copyright Material Withheld

Abbreviations: CAZ = Ceftazidime; CAZ/T4 = Ceftazidime / tazobactam (4 pg/mL fixed concentration). CAZ/L2 = Ceftazidime/clavulanate (2 pg/mlL fixed
concentration); CIP = Ciprofloxacin; CXA = CXA-101; CXA/T4 = CXA-101/ razobactam (4 pg/mL fixed concentration; CXA/T8 = CXA-101/ tazobactam (8
ug/mL fixed conc ion); FEP = Cefepime; IMP=Imipenem: PTZ = Piperacillin’ tazobactam.

Source: Giske 2009.

Alteration of Target Sites or Low Affinity to Penicillin-binding Proteins

Alternation of target PBPs is the most common resistance mechanism in gram-positive
bacteria. The production of PBP2A in staphylococci results in methicillin resistance.
Other PBPs in pneumococci are associated with penicillin resistance, while the low
affinity of B-lactams for PBPs in E. faecium causes intrinsic resistance to -lactam
antibiotics. Enterococcus faecium has six PBPs, and PBP5 seems to be the main target for
B-lactam antibacterials. The B-lactam resistance observed in these strains is associated
with increased production of PBPS, which has a relatively decreased affinity for
imipenem and other -lactams [Arbeloa, 2004]. In one study, the activity of ceftolozane
against P. aeruginosa with mutated PBP4 was analyzed. As shown in the table below, the
mutant with the dacB-encoded nonessential PBP4 deletion has less impact on ceftolozane
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than other B-lactamase antibacterials tested [CXA101-M-014]. A recent study has
indicated that PBP4 behaves as a trap target for f-lactams. The inactivation of this PBP is
shown to determine an efficient and complex B-lactam resistance response, triggering
overproduction of the chromosomal B-lactamase AmpC and the specific activation of the
CreBC (BIrAB) two-component regulator, which in turn plays a role in resistance [Moya,
2009].

Decreased Outer Membrane Permeability and Active Efflux
Non-B-lactamase-mediated resistance of gram-negative bacteria, such as P. aeruginosa,
can be caused by reduced drug concentrations at the target sites (e.g. PBPs) through two
common mechanisms: reduced membrane permeability and increased efflux. Multidrug
efflux pumps in the inner and outer membrane of P. aeruginosa may act in concert with
periplasmic B-lactamases and membrane permeability components to protect these
bacteria from B-lactam agents. A deficiency of OprD porin protein (a transporter channel
involved in B-lactam uptake) and/or overexpression of certain efflux proteins in P.
aeruginosa can decrease susceptibility to carbapenems [Masuda, 2000]. However, in
order to achieve a high level of resistance to B-lactams, efflux systems have to collaborate
with other mechanisms, such as OprD deficiency and increased p-lactamase production.

Outer Membrane Permeability

The passage of hydrophilic antibacterials through the outer membrane is facilitated by the
presence of porins (water-filled diffusion channels). Mutations resulting in the loss of
specific porins can occur in clinical isolates, which could cause increased resistance to [3-
lactam antibacterials. The effect of OprD, which is mostly involved in the permeation of
carbapenems, was analyzed by measuring the antibacterial activity of ceftolozane against
an OprD-deficient strain [CRE060042]. The ratio of the MIC for the OprD-deficient
strain to that for the wild type strain for ceftolozane was equal to one, while that for
imipenem was 16, suggesting that ceftolozane does not exhibit cross-resistance to
carbapenems in terms of OprD deficiency mechanisms.

In a second study, multiple oprD mutants were used to evaluate the effect of the
deficiency of porin OprD on the activity of ceftolozane. Sequencing of the three putative
OprD mutants revealed in all cases mutations in oprD and each of the mutants had a
different type of mutation: PAOD1 had a nonsense mutation .[(G194A (W65X)], PAOD2
had a frameshift mutation [1 bp (A) insertion in neucleotide 335] and PAOD3 a missense
mutation [G3A (M11)] affecting the initiation codon. As expected, oprD inactivation
resulted in resistance to imipenem and 4-fold increased meropenem MICs. No major
differences in terms of MICs were observed in the results for the three OprD mutants
tested. Meropenem MICs were notably increased further in the oprD-dacB (mutants
PAOD1dB to PAOD3dB) and oprD-ampD (mutants PAOD1AD to PAOD3AD) double
mutants, surpassing the breakpoints for nonsusceptibility for this compound.
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Reviewer’s Comment
Ceftolozane was the only B-lactam tested in this study showing conserved activity against
oprD mutants.

Activity of Ceftolozane-tazobactam against Pseudomonas aeruginosa Isolates

with Loss of the Outer Membrane Protein OprD

The most common mechanism of resistance to the carbapenem class of antibacterials in
P. aeruginosa is the loss or alteration of the outer membrane porin protein OprD.
Ceftolozane was the only -lactam tested that remained fully active against OprD, OprD-
AmpC (ampC), and OprD-PBP4 (dacB) double mutants (CXA101-M-014).

Table 26: Activity of Ceftolozane and Comparator Antibacterials Against
Pseudomonas aeruginosa Mutants with Mutations in Quter Membrane Protein
OprD

P. aernginosa MIC (pg/mL)
strain designation

CXA CAZ FEP PTZ ATM IMP MER

PAD1 (parent) 03 2 2 2 4 2 0.3

PAODI (oprD
spontanecus mmtant)

PAOD? (oprD
spontanecus mmrtant)

PAOQDS3 (oprD
spontaneous mmrtant)

PAODIAD (ampD
knockout mutants of the
comesponding oprD
spontaneous mutants)

PAODZAD (ampD
knockout mutants of the - A

corresponding oprD 0.5 16 g 3 g 16 g

spontaneous mutants)

PAOD3AD (ampD
knockout mutants of the
comresponding oprD
spontaneous mutants)

PAOD1ADAB (dacB 0.5 32 32 64
knockout mutants of the
comesponding oprD
spontaneous mutants

PAOD2ADAB (dacB 05 32 32 64
knockout mutants of the
comesponding oprD
spontaneons mutants

PAOD3ADAB (dacB 05 32 32 64
knockout mutants of the
comresponding oprD
spontaneous mutants

0.5 2 2 2 4 16 1

0.3 2 2 4 4 8 2

0.5 16 ] 32 ] 16 8

[

16 4

[

(=]

16 4

L

(]

16 4

)

Abbreviations: ATM=azireonam, CAZ=ceftazidime ; CXA=ceftolozane, , FEP=cefepime, IMP= imipenem,
MER=meropenem, MIC = minimum mhibitery concentration; PTZ=piperacillin‘tazobactam
Source: [4], M53354CXA101-M-014
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Efflux

Active efflux is an important non-enzymatic mechanism of -lactam resistance in P.
aeruginosa and is mediated by four genetically different three component efflux systems
that belong to the resistance-nodulation-division (RND) family: MexAB-OprM, MexCD-
OprJ, MexEF-OprN and MexXY-OprM. Ceftolozane is not a substrate of these efflux
pumps as shown by the lack of increase in MIC values in strains over-expressing these
efflux pumps as compared to parent strains (CXA201-M-013).

Active efflux of antibacterials is increasingly recognized as a common mechanism of
resistance in many clinically relevant pathogens. Efflux is one of the most common
resistance mechanisms of P. aeruginosa. Several efflux pumps play important roles in
intrinsic and acquired resistance in P. aeruginosa. All carbapenems with the exception of
imipenem are substrates for the MexAB-oprM, MexCD-OprJ and MexXY-OprM efflux
pumps of P. aeruginosa, and overexpression of any of these pumps results in various
levels of resistance to carbapenems [Masuda, 2000]. For ceftolozane, in vitro
antibacterial activity was evaluated using several strains with overexpressed efflux pump
activity [CRE060042]. The MIC of both ceftolozane and ceftazidime for strains with
efflux pumps did not change, while the MIC of ciprofloxacin in some strains and
imipenem in one strain increased compared to the parent strains. These data suggest that
ceftolozane is not a substrate of common efflux pumps in P. aeruginosa.

Table 27: Effect of Active Efflux on MICs of Ceftolozane (CXA-101) and
Comparators Using Strains with Over-expressed Efflux Pumps

Efflux System Strain MIC (nghnl)

CXA-101 CAZ INP CcIp
MexAB-OprM P geruginosa KG2212 0.5 2 1 0.25
MexCD-Opr] P geruginosa KG3056 0.25 0.5 0.5 2
MexXY P. geruginosa KG4545 0.5 2 1 0.25
Parent of all above P. geruginosa PAO1 0.5 2 1 0.125
MexEF-OptN P geruginosa KG4001 0.5 2 4 2
Parent of above P geruginosa KG4222 0.5 2 1 0.125

Abbreviations: CAZ = Ceftazidime; CIP = Ciprofloxacin; IMP = Inupenem.
Source: CREQG0042.
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Table 28: Impact of MexAB-OprM, MexEF-OprN and MexCD-OprJ efflux Pumps
on Ceftolozane-Tazobactam and Comparator minimum Inhibitory Concentrations

MIC (pg/mL)
Strain Phenotype CXA | CAZ | FEP | IPM | ATM | PTZ
Designation
PAO1 Parent 05 2 1 1 - 4
PAO1-1455 mexAB-oprM overexpression 05 8 8 1 =16 | 32
PAO1-Takai 1 mexEF-oprN overexpresson and decreased 0.25 1 0.5 4 ) )
oprD
PS244 Parent 0.5 4 2 16 4 4
PS244.9011C mexCD-oprJ overexpression 05 2 8 1 2 8
Abbreviations: CXA=ceftolozane; CAZ=ceftazidime; FEP=cefepime; [PM=imipenem; ATM=aztreonam;
PTZ=piperacillin/tazobactam

In a separate study, ceftolozane was tested with imipenem and ceftazidime using a special
collection of clinical isolates (N=51) with different levels of intrinsic resistance driven by
efflux pumps [CX-BD-001; Livermore 2009]. As shown in the figure below, unlike
ceftazidime and imipenem, ceftolozane appears not to be affected by efflux mechanisms.
Its MIC distribution was similar to that observed with wild type clinical P. aeruginosa
1solates.

Figure 3: MIC Distributions of P. aeruginosa with Over-expressed Efflux Pumps
Copyright Material Withheld

Source: CA-BD-001 and Livermore 2009.

The results above indicate that ceftolozane enters bacterial cells independently of the
OprD channel and that it is also not a substrate for the common efflux pumps found in P.
aeruginosa. As a consequence, ceftolozane remains highly active against drug-resistant
P. aeruginosa due to these mutations.

Tazobactam

Like other antibacterials, after introducing beta-lactamase inhibitors (BLIs) into clinical
practice, the resistance to BLIs (including tazobactam) due to various mechanisms has
been documented [Chaibi, 1999; Yang, 1999]. Reports have established that the
susceptibility of some Enterobacteriaceae isolates to BLIs can be affected by hyper-
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production of unmodified TEM-type -lactamase, or by the modification of the outer
membrane proteins, or by both. Resistance may also be attributed to production of OXA-
type enzymes, or to hyper-production of cephalosporinases. In the face of selective
pressure arising from use of either newer cephalosporins or -lactam plus BLI
combinations, mutations arose among Class A B-lactamase genes, leading to resistance to
the effects of BLIs. The recent emergence of bacterial strains producing inhibitor-
resistant TEM (IRT) enzymes could be related to the frequent use of BLIs such as
clavulanic acid, sulbactam, and tazobactam in hospitals and in general practice. The
effect of BLIs has also been compromised by the emergence of mutant TEM-type -
lactamases, collectively designated inhibitor-resistant TEM or IRT B-lactamases [Yang,
1999].

The first IRT B-lactamases were described mainly in Europe, but they are spreading
worldwide. The production of IRT has been detected in strains of Enterobacteriaceae,
particularly in E. coli, K. pneumoniae, P. mirabilis, and C. freundii. The IRT -
lactamases differ from the parental enzymes TEM-1 or TEM-2 by one, two, or three
amino acid substitutions at different locations. The key amino acid positions important
for inhibitor resistance include Met69, Ser130, Arg244, Arg275, and Asn276. Ser130 is
vital to the chemical mechanism of inhibition. Arg244 is involved in positioning 3-
lactams, especially penicillins and BLIs via their carboxyl groups. Site-directed
mutagenesis studies confirm the role of Arg244 and its coordinating partners in -lactam
turnover and in the reactions leading to enzyme inactivation. This mechanism is
dependent on the donation of a proton via a water molecule coordinated to Arg244 and
Val216 to clavulanic acid to allow formation of a favorable leaving group. This proton
donation is probably not required for formation of a favorable leaving group for the
sulfone inhibitors sulbactam and tazobactam. Therefore, some amino acid substitutions
have different effects on inhibition by clavulanic acid than the penicillanic acid sulfones.
Met69 may play a more structural role in -lactam positioning within the oxyanion hole.

Ceftolozane -Tazobactam
Resistance mechanisms specific to ceftolozane -tazobactam are likely to be similar to

those for the individual components. Additional information pertaining to resistance is
below.
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Emergence of Resistance in Vitro

Single- and multiple-step selection of drug-resistant mutants was employed to explore the
potential for emergence of resistance in P. aeruginosa after exposure to ceftolozane and
comparator antibacterials (CRE060042, CXA101-M-012, CXA.012.MC, CXA.013.MC,
CXA.031.MC,CXA.084.MC). Additionally, a stringent 10-day hollow-fiber model was
used to evaluate the ceftolozane-tazobactam resistance incidence for both P. aeruginosa
and ESBL positive E. coli. The data demonstrate that there is a low potential for
ceftolozane-tazobactam drug resistance development in both P. aeruginosa and E. coli
(CXA.044.MC, CXA.047.MC).

In the single-step resistance selection studies with P. aeruginosa PAOI, ceftolozane and
three comparators were tested at 4X, 8X and 16X MIC (CRE060042,CXA.031.MC).
Resistance incidence frequencies were calculated as the ratio of colonies on selection
plates to the total amount of CFU plated. Ceftolozane has a lower resistance incidence
frequency than imipenem at 4X MIC and ceftazidime at all concentrations tested and is
comparable to imipenem at higher concentrations in P. aeruginosa PAO1 (see table
below).

Table 29: Resistance Incidence Frequency of Ceftolozane in Pseudomonas

aeruginosa i i
Multiple of ceftolozane ceftazidime cefepime imipenem
ceftolozane MIC
4X MIC Exp 1 <6.1=10° 43 =107 No data = 6.1 =107
4X MIC Exp 2 1.10x10° 7.9x107 = 4.5x10° No data
83 MIC Exp 1 <6.1% 107 3.7 %107 No data <6.1%10"
8X MIC Exp 2 < 4.5x107 6.2x107 = 4.5%10° No data
16X MIC Exp 1 < 6.1 % 10" 1.2 = 10" No data < 6.1 = 107
16X MIC Exp 2 < 4.5x10° 1.6x107 No data No data

Source: M3 .3 3 HCRE060042
Source: M3 .3 5. 4CXA 031 MC
Abbreviations: Exp = expermment; MIC = nunimmm inhibitory concentration.

Resistant P. aeruginosa (PAO1) isolates from one resistance incidence frequency study
(CXA.031.MC) were characterized by MIC antibiogram, chromosomal Amp C -
lactamase expression and whole genome sequencing. Whole genome sequencing shows a
mutation in a gene encoding a probable two component sensor system for all three strains
and an additional mutation in a gene encoding an aspartate decarboxylase precursor in
one of the strains. There is no increase in chromosomal AmpC B-lactamase activity
compared to the parent strain for these ceftolozane resistant isolates. However,
ceftazidime resistant and cefepime strains demonstrate approximately 40 to 50-fold and
100 to150-fold increases in AmpC B-lactamase activity, respectively, compared to the
parent strain.
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Reviewer’s Comment

These studies show that ceftolozane is stable to AmpC B-lactamase in P. aeruginosa
(including strains with induced enzyme production). This property distinguishes
ceftolozane from ceftazidime and other cephalosporins.

Table 30: Amp C Beta-lactamase Induction for P. aeruginosa Ceftolozane, Cefipime,
and Ceftazidime Resistant Isolates

Isolate Antibiotic Selection | Vi Fold increase in activity [ CEP CAZ
Designation mOD/min | compared to parent strain | MIC MIC MIC
(pg/mL} | (ng/mL} | (ng/mL)
PAOL NA 4 1 0.3 2 2
Aa2 ceftolozane 8 0.33 4 g 8
Abl ceftolozane 11 0.46 4 g 4
Ab2 ceftolozane 6 025 4 4 8
Ab3 ceftolozane 835 0.35 8 4 4
Abd ceftolozane 1.3 031 4 4 4
A3 cefepime 3619 151 4 32 128
Bl cefepime 4028 168 2 32 64
B3 cefepime 2032 122 2 1 64
B4 cefepime 2501 108 2 3 64
Fa2 ceftazidime 1233 51.38 2 32 64
Fbl ceftazidime 11113 46.31 2 3 64
Fal ceftazidime 972 40.50 2 32 64
Fh2 ceftazidime 9075 37.81 2 32 64
Fel ceftazidime 1039 4329 16 32 64

Source: M3.3 5 \CHA 031 MC
Abbreviations: CEP=cefepime, CAZ=ceftazidime; CXA=ceftolozane; MIC = mimnmum inhibitory concentration;
NA = not applicable; Vo = maximum rate.

Additionally, five day serial passage of P. aeruginosa PAO1 was performed with
ceftolozane and comparator compounds (CRE060042). After five serial passages, the
ceftolozane MIC increased 4-fold to a final MIC value of 2 mcg/mL. In contrast, the MIC
values for ceftazidime, imipenem and ciprofloxacin were increased 32-fold, 16-fold, and
16-fold, respectively. A second serial passage study using ceftolozane and comparators
(ceftazidime and meropenem) was conducted by subjecting three P. aeruginosa strains
with low (Pa 44, 0.5 mcg/mL), mid (Pa 2638, 2 mcg/mL) and high (Pa 2629, 16 mcg/mL)
ceftolozane MIC values to as many as 16 passages (CXA.012.MC). In this study,
ceftazidime shows highest absolute MIC values at the end of the study against all three
strains (see table below). For all three test agents, resistance is stable after three passages
in drug-free medium.
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Table 31: Minimum Inhibitory Concentration MIC value (mcg/mL) of P. aeruginosa
Strains at End of Serial Passage Study (Day 16)

Strain Designation Ceftolozane (ng/mL) Ceftazidime (pg/mL) Meropenem (pg/mL)
Ei#gcnllcl‘\; MIC; 64 =2048 256
Eal-l;?:;ijfmd ME 8 512 1
g'auf;:i;[uﬁd MIC: 3 1024 1
gap;?:;i}(nnd MIC:; 3 1024 12
o B
Fl‘g ig%iL(l;igb MIC; 512 =2048 256
ol

Source: CA 012 MC
Abbreviations: MIC = minimmum inhibitory concentration.

A study which examined the dynamics of resistance development to ceftolozane-
tazobactam, ceftazidime, meropenem, and ciprofloxacin was undertaken in the
P.aeruginosa wild type reference strain PAO1 and its mismatch repair deficient mutant
strain (PAOMS, a mutS knockout mutant) by incubating the strains for 24h in 0.5X-64X
the MIC concentration for up to 7 days (CXA.084.MC). PAOI1 ceftolozane-tazobactam
mutants reached only moderate resistance (MICs 4-8 mcg/mL) after the 7-day exposure
experiments and 64X MIC concentrations were not reached in any of the cultures, even
after extended 14-day exposure experiments. In contrast, ceftazidime reached 64 mcg/mL
MIC by day 4 and ciprofloxacin and meropenem by day 6. Analysis of PAO1
ceftolozane-tazobactam mutants showed 2-4 mutations, whereas the mutator strain,
PAOMS, showed 48-54 mutations. Major changes in global gene expression

profiles were detected in all mutants but only the PAOMS mutants showed multiple
mutations in conserved residues of AmpC, mostly in ampC regulators such dacB or
ampR. The data in this study demonstrated that development of high-level resistance to
ceftolozane-tazobactam occurred efficiently only in a P. aeruginosa mutant background.
A study to evaluate the propensity of E. coli, K. pneumonia, and E. cloacae to develop
mutational resistance was undertaken in both single step and serial passage studies using
super-inhibitory and sub-inhibitory concentrations of ceftolozane-tazobactam,
ceftazidime, cefepime, piperacillin/tazobactam or doripenem (CXA.072.MC). These
strains included wild type and producers of TEM-1, CTX-M-15, AmpC (chromosomal
inducible and de-repressed and plasmid-mediated inducible such as DHA-1), affected by
the development of mutational resistance. However, in AmpC-producing isolates,
ceftolozane-tazobactam selected for higher resistance rates compared to cefepime; in
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contrast, ceftolozane-tazobactam selected for less resistance than cefepime in ESBL-
producing isolates (data not shown).

Reviewer’s Comment

Resistance to cetolozane-tazobactam was seen in the mismatch repair mutant PAOMS, a
P. aeruginosa mutant background. High-level resistance that occurred in the mutator
strain was associated with increased susceptibility to other antipseudomonals, particularly
imipenem and ciprofloxacin.The fitness cost of high-level ceftolozane-tazobactam
resistant PAOMS mutants was highly variable, possibly indicating the absence or
presence of cost compensatory mutations in these mutants. For all the antibiotics tested,
the impact on fitness of high-level antibiotic resistance was much lower for PAOMS
mutants than for PAO1 mutants, likely reflecting the increased capacity of the mutator
strain for acquiring cost-compensatory mutations. These mutants were described in the
Applicant’s final study report CXA.084.MC.

A rigorous 10-day hollow fiber model was used to evaluate the drug exposure needed to
optimize cell kill and prevent the emergence of resistance in P. aeruginosa PAO1 and PA
2638 (a clinical strain) and an ESBL (CTX-M-15, moderate producer) positive E. coli.
Ceftolozane-tazobactam dosing regimens ranging from 125/62.5 mg to 1500/750 mg q8h
were simulated as well as a control simulation with piperacillin/tazobactam 4500 mg q6h
daily. For the ESBL positive E. coli strain, an inverted-U shaped function best described
the relationship between selection of resistant bacterial populations and drug exposure.
The lowest (125/62.5 mg) and the highest

(750/375, 1000/500 and 1500/750 mg) ceftolozane-tazobactam regimens did result in
selection of resistant populations while resistance was observed with intermediate
regimens (250/125, 500/250 mg). In contrast to lower doses, the higher ceftolozane-
tazobactam regimens (750/375, 1000/500, 1500/750 mg), not only prevented resistance
emergence but also sterilized the model system (see figure below). For the P. aeruginosa
isolates studied, ceftolozane-tazobactam regimens evaluated ranged from 62.5/31.25 to
2000/1000 mg. For P. aeruginosa PAO1 (ceftolozane-tazobactam MIC 0.5 mcg/mL), no
resistance was selected at any dose over the 10 day model. Thus, a second P. aeruginosa
isolate (PA 2638) with a higher ceftolozane-tazobactam MIC (4 mcg/mL) was also tested
in this model. Again, an inverted U shaped function best described the relationship
between resistance selection and drug exposure. The lowest (62.5/31.25) and two highest
(1000/500mg, 2000/100 mg) ceftolozane-tazobactam regimens did not select resistance;
resistance was most pronounced with intermediate regimens (125/62.5, 250/125, 500/250
mg) and minimal with the 750/375 regimen. Additionally, the duration of time until the
selection of drug resistance increased with dose regimen intensity (CXA.044.MC).
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Figure 4: Change in logl0 CFU/mL of Ceftolozane-Tazobactam Drug-Resistant
Subpopulations at 10 Days

A Logy; CFUMML of the Drug-Resistant
Subpeopulation at 10 Days

[ Sg 500 70 1000 1250 1500
125 250 376 500 625 750
Ceftolozane-Tazobactam Dose (mg)

Source: 5.3.5 #CXA 044 MC

Effect of Testing Dynamics on Ceftozolane-Tazobactam Activity

Ceftolozane

In order to evaluate the effect of various testing conditions on the in vitro activity of
ceftolozane, 10 selected clinical isolates of gram-positive and gram-negative pathogens
were examined [ CXA101-M-001]. All isolates were tested for susceptibility by broth
microdilution according to CLSI methods [CLSI 2006; CLSI, 2007] or modified testing
procedures due to changes in testing conditions. All staphylococci and gram-negative
isolates were grown in MHB, and all streptococci were grown in MHB with lysed horse
blood as standard (control) medium. The control medium contained no plasma, was
inoculated with 5 x 10° CFU/mL, contained 20 to 25 mg/L Ca2+, and had a neutral pH of
7.2 to 7.4. All isolates were tested in duplicate in the standard medium with the following
modifications:

¢ Human serum was added to assess the appropriate test medium with either 20%
serum or 50% serum.

e The effect of inoculum size was tested by adding an initial concentration of 5 x
10* CFU/mL and 5 x 10° CFU/mL.

e The effect of the medium was assessed by testing in cation-adjusted MHB
supplemented with lysed horse blood (LHB), and Haemophilus testing medium
(HTM), instead of the standard medium for staphylococci and gram-negative
organisms, and in MHB and HTM for all streptococci.

e 50 mg/L Ca2+ was added to the appropriate media to assess the effects of
increased divalent cation concentration.

e The pH of the appropriate media was adjusted to a pH of 5.0, 6.0, and 8.0.
Ceftolozane yielded consistent MIC values under various conditions, with five
different gram-positive and gram-negative species tested, with one exception: the
addition of human serum actually enhanced the activity of ceftolozane against
selected gram-negative organisms, suggesting a potential synergy between
ceftolozane and bioactive components in human serum.
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Reviewer’s Comment

In vitro testing conditions, reported by the Applicant, including pH, temperature, media,
calcium concentration and inoculum size, had little effect on the activity of ceftolozane in
vitro. However, the addition of human serum showed an enhanced activity of
ceftozolane.

Protein binding affects the in vivo efficacy of antimicrobials because only free drug is
available for effecting antibacterial activity. This effect can be predicted to a certain
extent in an in vitro system; a significant MIC shift has been observed for some
antibacterials (such as rifampin and fusidic acid) that exhibit high binding to human
serum protein. Against isolates of S. aureus, S. pneumoniae and K. pneumoniae, the
MIC:s of ceftolozane and ceftazidime showed little to no change (within one doubling
dilution) when evaluated in the presence of 20% and 50% serum relative to standard
conditions (no serum), with the exception of one P. aeruginosa strain. The MICs in this
specific isolate were 4-fold lower when 50% human serum was present for both
ceftolozane and ceftazidime. Against E. coli 1732281, a 1- to 4-fold doubling dilution
decrease in ceftolozane MICs was observed in the presence of 20% serum, while a 2-fold
doubling dilution drop in ceftolozane MIC was consistently observed in the presence of
50% serum. This effect was not apparent for ceftolozane against the other tested E. coli
(1732283), and little effect from serum was observed for ceftazidime with either E. coli
tested.

These findings reflected the low human plasma protein binding of ceftolozane
(approximately < 10%), indicating that the major proportion of ceftolozane should be
available in vivo as active free drug. Ceftolozane activity may be altered by interaction
with human serum against some P. aeruginosa and E. coli isolates.

Reviewer’s Comment

There were E. coli and P. aeruginosa strains that had lower MICs in the presence of 20%
or 50% human serum.
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Table 32: Effect of Human Serum on In Vitro Activity of Ceftolozane (CXA-101)

MIC {uz/mL) in the Presence of Human Serum®
Organism IJ';..I:_IE Antibiotic No Sernm 2109% Serum 500 Sernm
1 F4 1 z 1 1
5 aureus 1731646 CHA-101 32 32 16 14 16 6
Ceftazidime g g 4 4 ] 4
1731626 CHA-101 32 32 32 32 16 6
Ceftazidime 4 g ] ] 4 ]
5. preumoniad 1731713 CHA-101 0.12 012 012 012 012 0.1z
Ceftazidime 2 2 1 1 1 1
1731673 CHA-101 0.25 025 0.15 025 025 0.25
Ceftazidime 2 2 2 2 2 2
F. geruginosa 1731884 CHA-101 1 1 0.5 0.5 0.3 0.5
Ceftazidime 4 4 2 2 1 1
1731923 CXA-101 1 0.25 023 0.12 0.12
Ceftazidime 2 2 0.5 0.5 0.25 025
E. coli 1732281 CHA-101 0.3 03 0.15 0.08 012 0.1z
Ceftazidime 0.25 0.25 0.12 023 0.12 012
1732283 CHA-101 0.12 0.25 0.12 012 0.12 0.12
Ceftazidime 0.12 0.25 0.12 012 0.06 012
E pneumoniae 1732360 CHA-101 0.25 05 0.25 023 025 0.25
Ceftazidime 0.25 0.3 012 012 0.12 01z
1732356 CHA-101 0.25 0.25 0.25 023 0.25 0.25
Ceftazidime 0.25 0.25 0.25 023 0.12 025

Twao replicates, “17 and “27, were tested at each semum concentration
Source: CHA101-M-001.

Effect of Inoculum Size

The influence of the inoculum size on the MICs of ceftolozane is shown in the table
below [CXA101-M- 001]. Overall, inoculum concentrations of 5 x 10* CFU/mL and 5 x
10° CFU/mL did not affect ceftolozane MICs, with either no change in MICs or only a
doubling dilution decrease in MIC compared to the standard (5 x 10° CFU/mL).
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Table 33: Influence of Inoculum Size on the Activity of Ceftolozane (CXA-101) and

Ceftazidime
MIC (ug/mL) at 3 Incculum C oncentrations’
Orzanizms I"';:;'“ Antibiotic | 5« 10° CFU/mL | 5 = 10 CFUmL | = 10°CFU/mL
1 1 1 2 1 2
5. aureus 1731646 | CHA-101 3z E ¥ 32 16 32 32
Ceftazidime 8 8 4 4 ] g
1731626 | C3A-101 32 32 16 31 31 31
Ceftazidime 4 H 4 4 ] B
5. pneumoniae 1731713 | CXaA-101 0.12 0.12 0.12 0.12 0.12 0.25
Ceftazidime 2 2 1 2 2
1731673 | CXA-101 0.25 0.25 0.25 0.2 0.25 025
Ceftazidime 2 2 2 2 2 2
P. geruginosa 1731884 | CHA-101 1 1 1
Ceftazidime 4 4 1 4 4
731923 | CHA-101 1 1 1 1
Ceftazidime 2 2 2 2 4 4
E. coli 1732281 | CXA-101 0.5 0.5 0.25 0.25 5 1
Ceftazidime 0.25 0.25 0.25 0.25 03 1
1732283 | CHA-101 0.12 025 0.25 0.12 0.25 0.25
Ceftazidime 0.12 0.25 0.12 0.12 0.25 0.25
E pneumoniae 1732368 | CHA-101 0.25 0.5 0.25 0.25 2 2
Ceftazidime 0.25 0.5 0.25 0.2 035 035
1732356 | CXaA-101 0.25 0.25 0.25 0.25 05 05
Ceftazidime 0.25 0.25 0.25 0.25 035 035

Two replicates, “17 and “27, were tested at each semm concentration
Source: CRA101-M-001.

Effect of Culture Medium

The influence of the medium on the MICs of ceftolozane is shown in the table below
[CXA101-M-001]. For S. aureus, P. aeruginosa, E. coli, and K. pneumoniae, ceftolozane
MICs did not change or were within one doubling dilution of the MIC observed under
standard conditions Mueller-Hinton Broth (MHB) when tested in MHB supplemented
with lysed horse blood (LHB) or with Haemophilus Testing Medium (HTM) (similar to
ceftazidime). For S. pneumoniae, MICs were decreased 4- to -16-fold for ceftazidime
when tested in HTM relative to standard medium (MHB with LHB), while ceftolozane
MICs were unaffected by testing in HTM relative to standard conditions. One isolate of
S. pneumoniae (1731673) did not grow in MHB alone, and a 2-fold and 32-fold decrease
in the MICs of ceftolozane and ceftazidime, respectively, were observed when tested with
MHB alone relative to standard conditions against the other isolate.

:.7!
“n
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Table 34: Influence of Culture Medium on the Activity of Ceftolozane (CXA-101)
and Ceftazidime

MIC (nz'mL) in 3 Media Formulations®
orgmism | I | sntibiotic MHE MHB+LHE HTM
1 1 1 1 1 1
5. murens 1731646 | CHA-101 32 £ 32 32 16 14
Ceftazidime B B B B 4 4
1731626 | CHA-101 32 32 32 32 16 14
Ceftazidime 4 B 4 4 4 4
5. preumoniae 1731713 | CHA-1M .04 0.04 0.12 012 0.1z 0.12
Ceftazidime 0.045 0.0 2 2 01z 0.12
1731673 | CHEA-10 NG NG 025 025 0315 0.25
Ceftazidime NG NG 2 2 0.5 0.5
P. geruginosa 1731884 |CHA-1N 1 1 1 1 1 1
Ceftazidime 4 4 2 2 4 4
1731923 | CHA-10 1 1 0.5 0.5 0.5 0.5
Ceftazidime 2 2 2 4 2 2
E. coli 1732281 |CHA-1N 0.5 0.5 025 0315 0.5 1
Ceftazidime 0.25 025 .5 5 0.5 1
1732283 | CHEA-10 012 0.25 025 0.1z 0315 0.25
Ceftazidime 0.12 0.25 025 025 01s 0.25

Table 35: Influence of Culture Medium on the Activity of Ceftolozane (CXA-101)
and Ceftazidime (Continued)

MIC (mz/mL) in 2 Media Formulations®
Organism felte | Antibiotic MHE \IHB-LHB HTM
1 3 1 2 1 2
E. pneumoniae 1732388 | CHA-101 025 0.5 0.5 0.3 0.5 0.5
Ceftazidime 0.25 0.5 025 025 0.5 0.25
1732356 | CXA-101 025 025 025 025 0.5 0.5
Ceftazidime 0.25 025 025 025 0.5 0.5

Abbreviations: HTM = Haemophilus test medium; LHB = Lysed horse blood; MHE = Mueller-Hinton
broth; WG = Mo growth.

Two replicates, 1™ and *27, were tested at each serum concentration.
Source: CXA101-M-001
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Effect of pH

The influence of pH on the MICs of ceftolozane was evaluated with 10 organisms [
CXA101-M-001]. Ata pH of 5.0, S. pneumoniae showed no growth. Overall, at pH 5.0,
6.0, and 8.0, the activity of ceftolozane and ceftazidime showed no change or only a one
doubling dilution change in MIC relative to the MIC observed under standard conditions
(pH 7.2 to 7.4). Notable exceptions included ceftazidime against S. aureus isolate
1731646, where a 4-fold drop in MIC was noted at pH 5.0; all E. coli and K. pneumoniae
had an MIC 2- to 4-fold higher at pH 5.0 relative to standard conditions for both
ceftazidime and ceftolozane.

Reviewer’s Comment
Changes in pH ranging from pH 5 to 8 had no significant effect on the MIC of

ceftolozane for all isolates tested.

Table 36: Influence of pH on the Activity of Ceftolozane (CXA-101) and

Ceftazidime
MIC (ng'mL) at 4 pH Rnngu]
Organism IS':]':II:M Amtibiotic pH 7174 pHSO pH 6.0 pH 5.0
1 2 1 2 1 1 1 2
5. aqureus 1731646 | CXA-101 32 31 1§ 14 32 31 16 32
Ceftazidime B B 2 2 4 4 B B
1731626 | CXA-101 32 31 32 32 32 31 16 16
Ceftazidime 4 B B = ] B B B
5. pneumoniae 1731713 | CXA-101 012 | 012 | NG | NG | 025 | 025 | 012 | 025
Ceftazidime 2 2 NG | NG 2 2 1 1
1731673 | CXA-101 0z 025 | NG | NG | 025 | 0.25 | 025 | 025
Ceftazidime 2 2 NG | NG 2 2 2 2
P. geruginosa 1731884 | CXA-101 1 2 2 1 ] 1 ]
Ceftaridime 4 4 B = 4 4 2 2
1731923 | CXA-101 1 1 1 1 1 05
Ceftazidime 2 2 4 L 2 4 2 2
E. coli 1732281 | CXA-101 05 | 05 2 2 1 ] 025 | 025
Ceftazidime 025 | 025 2 2 1 05 | 0.25
1732283 | CXA-101 012|025 | 05 1 025 | 05 | 012 | 012
Ceftazidime 012 | 025 1 0.5 05 | 012 | 012
E. pnewmoniae 1732369 | CXA-101 025 | 05 1 1 05 0.5 05
Ceftazidime 025 | 05 0.5 0.5 05 | 025 | 05
1732356 | CXA-101 025 | 025 1 0.5 05 | 025 | 025
Ceftazidime 025 | 025 1 0.5 05 | 025 | 0.25

Abbreviation: WG = No growth.
Two replicates, “17 and *27, were tested at each semum concentration.
Source: CHA101-M-001
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Effect of Divalent Cation Concentration

The influence of calcium concentration on the MICs of ceftolozane was evaluated with
10 organisms [CXA101-M-001]. The addition of 50 mg/L of calcium to the testing
medium did not affect the activity of either ceftolozane or ceftazidime, as all MICs
observed with calcium-supplemented media were the same or within one doubling
dilution of the MIC under standard conditions (20-25 mg/L calcium). A change in
divalent cation concentration has no effect on the in vitro activity of ceftolozane.

Table 37: Influence of Divalent Cation Concentration on the Activity of Ceftozolane
(CXA-101) and Ceftazidime

MIC (mzg/mL) at ? Calciom Lon Concentra tioms"
Organism I:olate ID |  Antibiotic 20-25 pz/mL C 2™ S0 pz/mL at
1 2 1 2
5. QUPRLE 1731646 | CXA-101 32 32 32 32
Ceftazidime B ] B B
731626 | CEA-101 32 E 32 32
Ceftazidime 4 B 4 4
5. preumaniae 1731713 | CXA-101 012 0.1z 012 012
Ceftazidime 2 2 1 1
1731673 | CEA-101 025 025 0.25 015
Ceftazidime 2 2 2 2
P aeruginosa 1731884 CXA-101 1 1 1 1
Ceftazidime 4 4 ] 4
731923 | CXA-101 1 1 1 1
Ceftazidime 2 2 2 2
E. colf 1732281 | CXA-101 5 0.5 0.25 025
Ceftazidime 0.25 025 0.25 0.5
1732283 | CXA-101 012 025 012 025
Ceftaridime 012 025 012 025
E. preumoniae 1732360 CXA-101 025 0.5 0s 0.5
Ceftaridime 025 0.5 0.25 0.5
1732356 | CEA-101 025 025 0.25 0.5
Ceftazidime 0.25 025 0.25 015

Two replicates, 1™ and “27, were tested at each calciom ion concentration
Source: CXHAL01-M-001

Tazobactam

A limited number of publications address the effect of growth conditions on the activity
of tazobactam. One clinically relevant observation is the effect of pH on certain f3-
lactamases [Fornara, 1997]. The pH affects the activity of some BLIs by changing their
ionization and so altering their accumulation by bacteria. It was observed that penicillanic
acid sulphones, particularly tazobactam, gave poorer potentiation of penicillins against E.
coli strains with TEM-1 and TEM-2 -lactamases at pH 6.5—7.0 than at pH 7.5-8.0. MICs
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of piperacillin with tazobactam or sulbactam (4 mg/L) were higher at pH 6.5 than at pH
8.0 for E. coli transconjugants with TEM-1 or TEM-2 enzymes, but not for those with
TEM-3 or TEM-10 enzymes. Investigation showed that 1) all four enzymes were less
sensitive to sulphones at pH 6.5 than at pH 8.0; 2) pH effects on MICs arose also for the
TEM-3 and TEM-10 producers at lower sulphone concentrations; 3) the TEM-3 and
TEM-10 producers formed less enzyme than those with TEM-1 and TEM-2 and 4) pH
effects on the MICs for TEM-1 producers depended on enzyme quantity. It was
concluded that all four TEM enzymes have pH-dependent susceptibility to sulphones, but
whether this affects MICs depends on the ratio of inhibitor to enzyme achieved

in the bacteria.

Ceftolozane-Tazobactam

Against P. aeruginosa ATCC 27853 and E. coli ATCC 25922, there was

no notable impact on the activity profile of ceftolozane-tazobactam when testing with
nonstandard inocula (low or high), altered pH (low or high), incubation in 5%

CO», and in the presence of serum/polysorbate, or supplemental Ca*" (50

mcg/mL) (MICs were equal or within one doubling dilution under these nonstandard
conditions relative to standard conditions).

* For H. influenzae ATCC 49247, ceftolozane-tazobactam MICs were 16-fold higher
when elevated inocula (8.2 x 10® CFU/mL) were used to inoculate the panel.

The activity of ceftazidime was also impacted to the same degree with

elevated inocula. Apart from elevated inocula, no other evaluated nonstandard

test condition had an impact on the activity profile of ceftolozane-tazobactam.

The organism failed to grow on the test panels containing medium at pH

8.0.

* There was a trend towards 2-fold higher ceftolozane-tazobactam MICs when testing in
the presence of polysorbate at either evaluated concentration (0.2 and

0.02%).

» With the exception of H. influenzae ATCC 49247, where increasing the

initial inoculum resulted in higher MICs, ceftazidime activity was not

notably altered for any non-standard condition against any of the

evaluated organisms.

Effect of Miscellaneous Factors on Ceftozolane-Tazobactam Activity
Post-Antibiotic Effect In Vitro

Ceftolozane

No study has been performed to evaluate the postantibiotic effect (PAE) of ceftolozane
alone.

Tazobactam

This study is not applicable to tazobactam, because tazobactam alone has little clinically
relevant in vitro activity against bacteria due to its reduced affinity to penicillin-binding
proteins.
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Ceftolozane-Tazobactam

Postantibiotic effect is the suppression of bacterial growth after short exposure of
organisms to antimicrobials, and is defined as PAE = T — C, where T is the time required
for the CFU count in the test culture to increase 1 log10 above the count observed
immediately after drug removal; and C is the time required for the CFU count in an
untreated control culture to increase 1 log10 above the count observed immediately after
completion of the same procedure used on the test culture for drug removal.

The PAEs for ceftolozane- tazobactam against P. aeruginosa, E. coli, and K. pneumoniae
were evaluated [CXA201-M-006]. In this study, bacteria were exposed to 4 x MIC for 2
hours before antibacterials were removed. Postantibiotic effects were negative for
ceftolozane-tazobactam against all strains of E. coli, K. pneumoniae, and P. aeruginosa
tested. In this test condition, no growth suppression was observed against any strain after
the drug was removed from the culture. The results were consistent with similar findings
for other B-lactam antibacterials; in gram-negative bacteria, no significant growth
suppression, or even a negative PAE was found after exposure to B-lactams. Similar
results have been observed with clinical isolates of various Enterobacteriaceae and P.
aeruginosa.
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SUSCEPTIBILITY TEST METHODS AND INTERPRETIVE CRITERIA

Development of Interpretive Criteria and Quality Control Parameters for MIC Testing

Interpretive criteria were based on proposed human therapeutic doses, PK and PD
information and MIC distributions, as well as other attributes, All in vitro susceptibility
tests for ceftolozane -tazobactam were performed in microbroth or agar dilution assays
following CLSI protocols M100-S17 and M7-A7 [CLSI, 2006; CLSIL, 2007] and using
standard CLSI-recommended media and reagents. The results observed in these tests
were generally consistent among different laboratories and addition of tazobactam
appeared to have no effect on microbiological test methods. See the section of this review
titled, “Susceptibility Interpretive Criteria (Breakpoints)” for proposed interpretive
criteria.

To establish the QC limits for reference strains, an eight-laboratory collaborative study
was undertaken to define QC parameters for broth microdilution susceptibility tests
according to the CLSI guideline [Document M23-A2, 2001; CXA101-M-009].
Recommended quality control is found in the section of this review titled, “Quality
Control Parameters”.

Susceptibility Interpretive Criteria (Breakpoints)

Ceftolozane

The following tentative in vitro susceptibility interpretive criteria for ceftolozane alone
(MIC microbroth assay) were proposed.

Table 38: Tentative In Vitro Susceptibility Interpretive Criteria for Ceftolozane
(CXA-101)

MIC Breakpoints(ug/mL)

Bacterial Group S I R

® @

Abbreviations: I = Intermediate; R = Resistant; S = Susceptible.

Tazobactam
This study is not applicable to tazobactam because it does not have clinically meaningful
activity against bacterial strains on its own.
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Ceftolozane-Tazobactam

As for ceftolozane, all in vitro susceptibility tests for ceftolozane-tazobactam were
performed in microbroth or agar dilution assays following CLSI protocols M100-S17 and
M7-A7 [CLSI, 2006; CLSI, 2007] and using standard CLSI-recommended media and
reagents. The results observed in these tests were generally consistent among different
laboratories and addition of tazobactam appears to have no effect on microbiological test
methods. Susceptibility results obtained suggest that the CLSI broth microdilution and
agar dilution assays as well as disk diffusion test are applicable for ceftolozane-
tazobactam.

Quality Control Parameters

Broth Microdilution

To establish the QC limits for reference strains, an eight-laboratory collaborative study
was undertaken to define QC parameters for broth microdilution susceptibility tests
according to the CLSI guideline [Document M23-A2, 2001, CXA101-M-009]. The
results are shown in the table below. Quality control limits for standard aerobic reference
strains were proposed and used for ensuring the QC of susceptibility tests in the clinical
microbiology laboratory.

Ceftolozane

Table 39: Quality Control Ranges for Ceftolozane (CXA-101) versus ATCC
Reference Strains

Quality Controel Strain MIC {(ng'mL) MIC: Within Proposed Limit: i)
E coli ATCC 25922 0.12-035 a2
P geruginosa ATCC 27853 0.25-1 100
5. qurens ATCC 29213 16 — 64 100
5. poeumonize ATCC 48619 0.25-1 982

This column shows the percentage of MICs that are within the proposed QC limits
Source: C3A4101-M-009

Ceftolozane-Tazobactam

Significant lot-to-lot variability in Mueller-Hinton or Brucella base media was not
observed with any of the broth or agar media. The mode for each lot was essentially the
same. The guidelines for selecting MIC QC ranges recommended by the Clinical and
Laboratory Standards Institute (M23-A3, 2008) were followed. For B. fragilis broth
microdilution, there were 25 observations which were outside of the range proposed for
ceftolozane-tazobactam. All of these observations were from the same laboratory. These
observations resulted in only 89.6% of the values being included within the proposed 4-
dilution range. The RangeFinder method of Turnidge & Bordash identified this
laboratory as a statistical outlier for both the mean and the mode. Excluding all of the
values from analysis resulted in a 4-dilution range which included 99.5% of the
remaining values. The proposed range for broth microdilution was the same as that

62

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

proposed for the agar dilution for this control strain. For B. fragilis agar dilution, there
were 19 instances in which observed values exceeded the recommended quality control
ranges for the control drug. The majority of the out-of-range observations were from
laboratory #2 and laboratory #4. Excluding all of the ceftolozane-tazobactam values
associated with the out-of-range control results, there was no impact upon the proposed
MIC ranges for ceftolozane-tazobactam.

The Applicant proposed the following QC limits for susceptibility tests of ceftolozane-
tazobactam MICs in CAMHB, HTM, and supplemented Brucella broth or agar.

Proposed QC Linuts (% Included)

Control Strain MIC (pg/ml) (*%)

S, aureus ATCC 29213 16/4 to 64/4 (100%)

E. coli ATCC 25922 0.12/4 to 0.5/4 (99.6%)
E. coli ATCC 35218 0.06/4 to 0.25/4 (100%)
P. aeruginosa ATCC 27833 0.25/4 to 1/4 (100%)

K. pnewmoniae ATCC 700603 0.5/4 to 2/4 (100%)

H. influenzae ATCC 49247 0.5/4 to 2/4 (100%)

B. fragilis ATCC 25285 Broth Microdilution 0.12/4 to 1/4 (99.5%)**
B. fragilis ATCC 25285 Agar Dilution 0.12/4 to 1/4 (100%)

B. thetaiotaomicron ATCC 29741 Broth Microdilution 16/4 to 64/4 (98.3%)

B. thetaiotaomicron ATCC 29741 Agar Dilution 16/4to0 128/4 (100%)

*( ) denotes the % of MICs within the proposed control limits.

Source: This submission.

Disk Diffusion

On each of ten (10) separate days, each of the 8 participating laboratories were asked to
inoculate each of the control strains onto a series of agar plates representing prepared
media from three different commercial media manufacturers for each media type. Two
different lots of CXA101/tazobactam 30/10 pg disks and one lot of
piperacillin/tazobactam 100/10 pg control disks were then applied to the media,
incubated, and then read as recommended by the Clinical and Laboratory Standards
Institute (CLSI). The laboratories were requested to perform repeat testing

whenever the control disk produced zone diameters outside of the ranges recommended
by the CLSI. There were 3 values for E. coli ATCC 35218 tested on MHA, 4 values for
H. influenza ATCC 49247 and 16 values for H. influenzae NCTC8468 which were
outside of established quality control ranges. All 16 of the out-of-control replicates for H.
influenzae were from the same site. Eliminating all of the data for the study drug which
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were associated with these out-of-control values had no impact upon the final proposed
ranges.

Significant lot-to-lot variability in Mueller-Hinton base media was not observed with the
plain Mueller-Hinton agar, HTM agar or the MHA+ horse blood + NAD against any of
the QC strains against either of the drugs tested. Quality control ranges calculated by the
RangeFinder method were all within 1 mm of those calculated by the Gavan method with
the exceptions of P. aeruginosa ATCC 27853 (2 mm difference) and E. coli ATCC
35218 tested on HTM (3 mm difference). The following CXA101/tazobactam control
limits were recommended by the Applicant for the 30/10 pg disks:

Proposed Zone Diameters Ranges (mm) for CXA101/tazobactam
(% of Values Included with Range)

Control Strain 30/10 pug Disk Zone Di
S. aureus ATCC 25923 8-18 (99.2%)
S. aureus ATCC 29213 7-17(96.3%)
E. coli ATCC 25922 24 - 32 (99.2%)
E. coli ATCC 35218 24 - 32 (98.5%)
on MHA
K pneumoniae ATCC 700603 17 - 25 (99.8%)
P. aeruginosa ATCC 27853 25-31(99.8%)
E. coli ATCC 35218 25 - 31 (99.2%)
on HTM
H. influenzae ATCC 49247 23 -29 (99.4%)
H. influenzae NCTC 8468 23 —29 (99.1%)

Source: This submission.

Reviewer’s Comment

Quality control ranges for Staphylococcus aureus for ceftolozane-tazobactam were
provided in the NDA submission and also published in the 2014 version of CLSI M100
(S24), but were not proposed in the Applicant’s labeling. It is recommended that the
labeling include Quality Control strains S. aureus ATCC® 25923 and S. aureus
ATCC® 29213. See Agency’s proposed labeling for recommended Quality Control
ranges.

Ceftozolane-Tazobactam Testing Procedures

Ceftolozane

In vitro susceptibility tests for ceftolozane have been performed in microbroth or agar
dilution assays following CLSI protocols M100-S17 and M7-A7 [CLSI, 2006; CLSI,
2007] and using standard CLSI-recommended media and reagents. The results observed
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in these tests were generally consistent among different laboratories, with no major
technical issues. Susceptibility results obtained have confirmed the applicability of the
CLSI microdilution and agar dilution assays as well as disk diffusion test for ceftolozane.

Selection of the Tazobactam Concentration for Use in Vitro Susceptibility Testing
Fixed Ratio versus Fixed Concentration of Tazobactam

Whether a BLI should be used in a fixed concentration, or titrated in a fixed ratio with the
partner compound in susceptibility tests has been debated. Early work with clavulanic
acid universally favored the use of a fixed amount of the compound, but more recently,
there has been a tendency, especially in the US, for fixed ratios to be adopted. In the case
of clavulanic acid, the fixed ratio method has been approved by the CLSI in the US for
tests with amoxicillin. A fixed ratio of sulbactam in combination with ampicillin is also
established for in vitro testing. However, for other combinations, like piperacillin/
tazobactam and ticarcillin- clavulanate, a fixed amount of inhibitor is used. The table
below lists all approved susceptibility test methods for the marketed B-lactam plus BLI
combinations.

Table 40: Susceptibility Test Methods for Beta-Lactamase Inhibitor and Beta-
Lactam Combinations

Combination of f-lactam Br.nth _-\551._1-' Dizk !fI ass Climical Diose
With BLI ] Drug:BLI Ratio or Drug / BLI Drug-BLI Ratie
Fized BLI Concentration (ng/mL) -

Ampeicilling clavalanate 2:1 matio 20710 2 1o 16:1
Ampicillin’ sulbactam 2:1 ranio l0/10 2:1
Ticarcillin/ clavulanate Fixed 4 pg'mL 75/10 301
Piperacillin’ tazobactam Fixed 4 pg'mL 100 £ 10 Bl
CXA-101/ azobactam Fixed 4 or § pg'mL 30/10 21

Abbreviation: BLI = f-lactamase inhibitor.
Proposed test conditions and clinical dose

It has been argued that a fixed concentration is preferred to a fixed ratio of B-lactam to
BLI [Greenwood, 1996]. The evidence and scientific rationale for supporting a fixed
concentration are summarized as follows: 1) any given experiment should only alter a
single variable—the concentration of the active antibacterial; 2) if a fixed ratio is used,
concentrations may be reached where the antibacterial activity of the inhibitor itself
becomes significant; 3) inhibitor concentrations used in testing should reflect attainable
serum concentrations of inhibitors with clinical doses. In plasma and tissues, the
concentration ratio between B-lactam and BLI changes constantly over time, depending
on differences in their respective PK profiles. Furthermore, because tazobactam binds
irreversibly to B-lactamases, a fixed concentration of the BLI may better represent the
PK/PD effect of the combination. Differences in results obtained by the two

methods were noted and a fixed concentration of the inhibitor was recommended, partly
because this approach facilitates recognition of inhibitor-resistant -lactamases
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[Thomson, 1995]. Although the regimens of B-lactam plus BLI combination in humans
are always given at a fixed ratio, the plasma or tissue concentrations of the BLI and its -
lactam partner at any given time point are not always in the same fixed ratio as that seen
in an in vitro test system. Therefore, in vivo dosing using a fixed ratio of f-lactam to BLI
may not be a good argument for in vitro susceptibility testing to be performed at a fixed
ratio. No direct correlation between the two different approaches was observed. An
important determinant of the PK/PD activity of a B-lactam plus BLI combination is a
sustainable plasma concentration for each individual component but not an exact ratio
between the two molecules. After reviewing published information, the CLSI
methodology for marketed combination drugs (including Zosyn®), and data generated for
ceftolozane and ceftolozane -tazobactam, using a fixed concentration of tazobactam was
thought to be a more appropriate than using a fixed ratio for in vitro susceptibility testing
of ceftolozane-tazobactam. In addition to the scientific rationale described above, the
Applicant also followed this method, since it was the current FDA and CLSI approved
method for susceptibility testing of piperacillin- tazobactam.

Reviewer’s Comment

In plasma and tissues, the concentration ratio between -lactam and BLI changes over
time, depending on differences in PK profiles. An important determinant of the PK/PD
activity of a B-lactam plus BLI combination is the sustainable plasma concentration for
each component.

Selection of the Appropriate Concentration of Tazobactam for Use in In vitro
Susceptibility Testing

After determining that a fixed concentrations of a BLI, rather than a fixed ratio to
ceftolozane, would be used, the appropriate concentration of tazobactam for use in in
vitro susceptibility testing was determined. Three factors were considered: 1) the amount
of BLI needed to inhibit most enzymes. Tazobactam is a BLI that inhibits most target
enzymes at a concentration of 0.5 mcg/mL (IC50); 2) the intrinsic activity of the inhibitor
itself. Tazobactam has intrinsic activity against some species; 3) the concentration
achievable clinically, based on human PK information. The proposed clinical dose
regimen, 1000 mg ceftolozane plus 500 mg tazobactam every eight hours, would achieve
sufficiently high plasma concentrations for both drugs for an appropriate proportion of
the dosing interval. For the piperacillin- tazobactam combination, a 4 mcg/mL fixed
tazobactam is recommended by CLSI for in vitro susceptibility testing. This methodology
appears to distinguish susceptible from resistant organisms for this drug combination.
This method was proposed regardless of dosing regimens for (piperacillin-tazobactam)
Zosyn®, from the lowest dose at 2 g piperacillin/0.25 g tazobactam, every six hours
(q6h) to the highest dose at 4 g piperacillin/ 0.5 g tazobactam, q6h.

Reviewer’s Comment

Tazobactam has intrinsic activity against some species, which may complicate the
interpretation of test results against such species if too high a concentration of inhibitor is
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used. The Applicant’s proposed dosing regimen was 1000 mg ceftolozane plus 500 mg
tazobactam every eight hours.

In a titration study to determine the tazobactam concentration required for in vitro testing
with ESBL- or AmpC-producing organisms, MIC checkerboards were prepared between
ceftolozane and tazobactam (1-32 mcg/mL), with 57 Enterobacteriaceae with ESBLs and
20 Enterobacteriaceae with derepressed AmpC [CXA201-M-001]. In this in vitro test
system, the activity of ceftolozane against ESBL-producing or AmpC-hyper-producing
Enterobacteriaceae increased with the concentration of tazobactam used. A dose-response
relationship of this type is expected for a B-lactam plus BLI combination. The impact
tazobactam concentrations had on the susceptibility to ceftolozane of these enzyme-
producing Enterobacteriaceae is shown in the table below. Based on the results generated
from these strain collections, tazobactam markedly increased the activity of ceftolozane
against the majority of ESBL- and AmpC-producing organisms (depending on the
concentration of tazobactam). It was assumed that a susceptibility breakpoint of 8 + 4
mcg/mL or 8 + 8 mcg/mL (ceftolozane + tazobactam) would predict clinical efficacy, and
therefore, the ceftolozane-tazobactam combination should be effective for the majority of
ESBL producers and AmpC over-producers.

Table 41: Proportions of Beta-lactamase-producing Enterobacteriaceae Inhibited by
Various Concentrations of Tazobactam and Ceftolozane (CXA-101) in Combination

ESBL Producers Derepressed AmpC Producers
(N=59) (N=20)

Tazobactam CXA-101 CXA-101 CXA-101 CXA-101
(ng/mL) =4 ng/mL =8 ng/mL =4 ng/mL =8 ng/mL

0 10 (16.9%) 12 (20.3%) 3 (15%) 7 (35%)

1 24 (40.7%) 27 (45.8%) 7 (35%) 10 (50%)

2 30 (50.8%) 35(59.3%) 8 (40%) 12 (60%)

4 43 (72.9%) 45 (75.3%) 7 (35%) 14 (70%)

8 53 (89.8%) 55(93.2%) 16 (80%) 19 (95%)

16 57 (96.6%) 59 (100%) 19 (85%) 19 (95%)

32 59 (100%) 59 (100%) 20 (100%) 20 (100%

Abbreviation: ESBL = Extended-spectrum [-lactamase.
Source: CXA201-M-001.

More extensive in vitro MIC data have been accumulated for ceftolozane in combination
with various concentrations of tazobactam against important clinical isolates. The general
observations from those studies can be summarized as follows:

The concentration of tazobactam has a direct effect on the activity to ceftolozane of
strains producing ESBLs or over-producing AmpC.
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e The maximum synergistic effect was observed for a fixed concentrations of
tazobactam of > 16 mcg/mL; synergy was significantly less with tazobactam
concentrations < 2 mcg/mL.

e The MICs for ceftolozane-tazobactam against general surveillance isolates were
similar for a 2:1 ratio of ceftolozane to tazobactam and a 4 mcg/mL fixed
concentration of tazobactam, but slightly favored the fixed concentration.

The PK of tazobactam has been characterized in humans [Zosyn® package insert]. The
achievable plasma concentrations of tazobactam were an important factor in the
determination of an appropriate concentration of tazobactam to be used in an in vitro
susceptibility test method. The maximum plasma concentration was approximately 34
mcg/mL following a 500-mg tazobactam, 30-minute infusion, and plasma concentrations
exceed 4 meg/mL for 2 to 3 hours. This was believed to provide sufficient time at
adequate concentrations for tazobactam, an irreversible inhibitor, to act; and it supports
the use of 4 to 8 mcg/mL (fixed concentration) of tazobactam for in vitro susceptibility
testing. More favorable PK/PD targets (longer T>MIC) will be achieved when
tazobactam is infused over 60 minutes, which is the proposed infusion time for
administration of ceftolozane-tazobactam, rather than the 30-minute infusion of Zosyn®
described above.

Based on the known PK profiles of ceftolozane and tazobactam, proposed human
therapeutic doses of ceftolozane-tazobactam, in vitro susceptibility data against ESBL or
AmpC producers, and proposed susceptibility breakpoints for ceftolozane, a fixed
concentration of 4 mcg/mL or even 8 mcg/mL of tazobactam can be selected for in vitro
susceptibility testing. The 4 mcg/mL fixed concentration of tazobactam was used in
further in vitro studies for ceftolozane-tazobactam.

See also section of this review titled, “Proposed Susceptibility Interpretive Criteria and
Quality Control” for additional information.

Comparison of Agar and Broth Dilution Methods

A direct comparative study of agar dilution versus broth microdilution methodology was
performed to establish whether there is any potential for variation between the two
methods, as recommended by CLSI guidelines [CXA101-M-001]. Approximately 74
gram-positive and gram-negative species have been tested. No significant inter-method
MIC variation between agar and microbroth assays was detected; differences in MICs
between the two methods were less than or equal to a 2-fold dilution for 91% of isolates
(see table below).

Reviewer’s Comment
The results suggest that both CLSI methods for broth and agar dilution may be used in
measuring MICs of ceftolozane.
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Table 42: Differences in MIC Between Agar Dilution Assays

No. of Isolates at 2-fold Difference Between Agar and Broth
Number of MIC

Organiim Izolate: -2 -1 0 1 7
5. aurens 10 — — 10 — —
5. prneumoniae 19 1 — 12 5 1
P. agruginosa 20 2 10 8 — —
B. cepacia 10 3 E 2 1 —
E. col 5 1 — 3 1 —
I pmeumoniae 10 — E 3 3 —
Total T4 7 18 38 10 1
%% of Total 100% B% 24% 51% 14% 1%

Source: CHATOI-M-001

Development of Disk Diffusion Susceptibility Testing Methods

Agar disk diffusion is most commonly used in clinical microbiology laboratories for
susceptibility testing of rapidly growing and certain fastidious bacterial pathogens. An
exploratory study for an agar disk diffusion method for ceftolozane was performed to
determine the appropriate disk mass and correlation of susceptibility data obtained by
broth dilution methods and the disk inhibition zone sizes [CXA101-M-006].A total of 54
isolates selected for the study included S. aureus (4), streptococci (3), H. influenza (2),
Enterobacteriaceae (6) and P. aeruginosa (41). All isolates were concurrently tested by
broth microdilution and disk diffusion using CLSI methodology (M7-A7, M100-S18, and
M2- A9). Ceftolozane was tested in duplicate using 10-mcg, 30-mcg, and 50-mcg disks,
and ceftazidime (30-mcg) disks were used as a comparator. Disk zones correlated well
with ceftolozane broth microdilution MICs for the evaluated isolates with an overall
correlation coefficient of 0.88 for 10 mcg, 0.87 for 30 mcg, and 0.85 for 50 mcg.
Accumulated data from 41 P. aeruginosa isolates confirmed that ceftolozane had lower
MICs and larger zones of inhibition than ceftazidime. Although ceftolozane activity was
slightly reduced against ceftazidime resistant isolates, ceftolozane maintained potency
against these isolates by broth and disk diffusion. The activity of ceftolozane was not
notably affected by other resistant phenotypes of P. aeruginosa and the varying disk
loads did not show any notable difference in disk zone sizes.

Reviewer’s Comment
Although zones of inhibition observed with the 10-mcg disk load and 50-mcg disk load

were also suitable for disk testing of ceftolozane (data not shown), the 30-mcg disk load
was selected as the ideal disk load for ceftolozane.

69

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Figure 5: Ceftolozane (CXA-101) Broth Microdilution MICs (mcg/mL) versus 30
mcg Ceftolozane Disk Load Zone Sizes (mm)
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Source: CIXAT01-M-006

A pilot study for an agar disk diffusion method was performed for ceftolozane-
tazobactam to determine the appropriate disk mass and correlation of susceptibility data
obtained by broth dilution methods and the disk inhibition zone sizes [CXA101-M-006].
After determining the appropriate disk mass for ceftolozane, the 30-mcg ceftolozane disk
load was selected and tested in combination with varying concentrations of tazobactam
(5, 10 and 20 mcg). A total of 54 isolates selected for the study included S. aureus (4),
streptococci (3), H. influenza (2), Enterobacteriaceae (22) and P. aeruginosa (26). All
evaluated concentrations of tazobactam in combination with ceftolozane yielded disk
zones which correlated well with broth microdilution MICs of ceftolozane combined with
a fixed concentration of tazobactam. The figure below shows the data for the 30/10-mcg
disk (ceftolozane-tazobactam). For ESBL-producing E. coli and K. pneumoniae, disk
zone size with ceftolozane alone increased when combined with tazobactam to zone sizes
indicative of susceptibility (> 20 mm). These results correlated with broth microdilution
results in which ceftolozane MICs decreased in combination with tazobactam against
these isolates. Additional testing with more P. aeruginosa isolates with the indicated
resistance phenotypes showed that the activity of ceftolozane -tazobactam was not
different from that of ceftolozane alone by both broth and disk testing, regardless of
resistance. Thus, ceftolozane at 30 mcg combined with either 10 mcg, 20 mcg, or 5 mcg
tazobactam was suitable for disk testing ceftolozane-tazobactam.

Reviewer’s Comment

Since 10 mcg is the approved disk mass for tazobactam in combination with piperacillin,
this was one reason it was the chosen disk mass of tazobactam to test in combination with
ceftolozane. For ESBL-producing E.coli and K. pneumoniae, a disk zone size with
ceftolozane increased when combined with tazobactam
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Figure 6: Ceftolozane (CXA-101)-Tazobactam 30/10 mcg Disk Load Zone Sizes
(mm) Versus Ceftolozane-Tazobactam Broth Microdilution MICs (mcg/mL)
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Antimicrobial Interactions and Fixed Combination Studies

Interactions with Other Antibacterials

Ceftolozane

To date, no study has been performed to examine the interaction of ceftolozane alone
with other antibacterials.

Tazobactam

As a BLI, tazobactam has been shown to potentiate the activity of B-lactams (penicillins,
cephalosporins and monobactams) against B-lactamase- gram-positive and gram-
negative organisms [CX-BD-001,CXA201-M-003]. This is mainly due to its inhibition of
B-lactamases so that the synergy is seen only with B-lactamase-producing organisms.

Ceftolozane-tazobactam

In an exploratory study, the in vitro synergistic effect of ceftolozane-tazobactam in
combination with amikacin, meropenem, levofloxacin, tigecycline, and aztreonam against
Enterobacteriaceae and P. aeruginosa was evaluated. A total of 12 isolates, including
four E. coli (2 ESBL-positive), four K. pneumoniae (2 ESBL-positive), and six P.
aeruginosa strains (exhibiting different resistance phenotypes to ceftazidime and
imipenem), were studied [CXA201-M-006]. Ceftolozane and partner drugs were studied
from 1/8 x to 8 x MIC and dispensed in a checkerboard fashion. As discussed before,
tazobactam was used at a fixed concentration of 4 mcg/mL. Readings were performed,
and the fractional inhibitory concentration (FIC) index was determined for each
combination and each strain. The results are summarized in the table below. No
antagonism was detected between ceftolozane-tazobactam and the antibacterials tested.
An additive effect was the main interaction observed between ceftolozane-tazobactam
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and studied partner drugs. Synergy was observed with the addition of aztreonam to
ceftolozane -tazobactam against ESBL-producing Enterobacteriaceae, probably due to

the inhibition of ESBL by the B-lactamase inhibitor. In addition, meropenem combined
with ceftolozane exhibited a synergistic interaction against ESBL-positive K. pneumoniae
strains. The combination of ceftolozane-tazobactam has some synergistic interactions
with tigecycline against three P. aeruginosa strains, including ceftazidime-resistant
1solates.

Table 43: Synergistic Activity of Ceftolozane (CXA-101) with other Gram-negative

Antibacterials
) ) CXATAZ FIC Index / Symergistic Effect’
Bacterial strains )
MIC (uz'mL) [~ aTMp MER AMK LVX TGC
E. coli ESBL- | 1 025 10/AD |0.75/AD| 125/1 |0.75/AD [0.75/AD
2 0.25 0.75/AD [0.75/AD [075/AD | 10/AD [0.75/AD
ESBL+ | 3 025 “05/S |062/AD |[062/AD| 10/AD | 1.0/AD
3 1 =05/S |075/AD| 05/S | 10/AD |052/AD
K pneumoniae |ESBL- | 5 025 062/AD| 1.0/AD |075/AD |0.75/AD | 0.62/ AD
6 025 075/AD | 075/aD [062/AaD | 112/1 | 05/8
ESBL+ | 7 05 =05/S | 032/S | 028/S |075/AD |053/AD
8 1 =05/S | 037/S |075/AD |056/AD | 0.75/ AD
. . CXATAZ FIC Index / Svnergistic Effect’
Bacterial strains
MIC (ugmL) | ATM MER AMK LVX TGC
P_aeruginesa | CAZ-S 9 023 053/AD| 10/AD | 032/S [075/AD | 1.0/AD
10 0.5 075/AD | 062/AD | 05/5 [075/AD| 1.0/AD
CAZR | 11 2 10/AD [075/AD [056/AD| 05/5 037/5
12 2 075/AD| 10/AD [ 10/AD [062/AD | 05/5
IMP-R 13 0.5 10/AD | 056/AD | 1.0/AD | 1.0/AD | 1.0/AD
14 0.5 062/AD | 062/AD [062/aD [062/aD | 031/5

Abbreviatons: ATM = Azmeonam: AME = Amikacin; CAZ-R = Ceftazidime-resistant; CAZ-S = Ceftazidime-
susceptible; CXA/TAZ = CXA-101/ tazobactam; ESBL = Extended-spectrum p-lactamase; FIC = Fractional
inhibitory concentration;: IMP-R = Imipenem-resistant; LVX = Levofloxacin; MER = Meropenem; TGC =
Tigecycline.

! Synergistic effects are symbolized by S = synergism; AD = additive effect; I = indifference.

Source: CXA201-M-006.
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HUMAN AND ANIMAL STUDIES

Animal therapeutic and pharmacologic studies

Ceftolozane

Animal infection models are well recognized for their utility in predicting the clinical
efficacy of antibacterial agents. The efficacy of ceftolozane has been evaluated in various
animal models of clinically relevant infections. The effectiveness and potency of
ceftolozane against aerobic gram-positive and gram-negative organisms has been
demonstrated in multiple animal models, including sepsis, pneumonia, UTI, and wound
infection [CRE060041, CXA101-M-004]. The table below lists the in vivo efficacy
studies for ceftolozane. Most of these in vivo studies were conducted by Astellas Pharma
Inc. The in vivo efficacy of ceftolozane against P. aeruginosa, including MDR isolates,
was better than, or comparable to that of ceftazidime, imipenem, and ciprofloxacin.
Ceftolozane also demonstrated activity against other species in different infection
models. Furthermore, ceftolozane was efficacious in the presence of neutropenia. These
findings support the further clinical development of ceftolozane for the treatment of a
variety of bacterial infections.

Table 44: Infection Models Used in the Evaluation of Ceftolozane

Infection Organizm Endpoint Diose Regimen Compound: Evaluated | Study Numbers
Gepsis P. gerugimesa (CAZ-5) Lethality and A total of 3 5C doses: | Cefiolozane M5.3.5 4\CREQNGD041
{mousa) I inasa (CAZE EDs 1,3 and 5 h after Ceftaridime B4.2.2 IWCHA201-P-002
- reruginasa (CAZ-R) infaction Imipenem/cilastatin M5.3.5 4\CHA01-M-010

E coli Ciprofloxacin

E pneumoniae

P. mirabiliz

5. marcezcens

E. clogcae

5. pneumoniae
Pneumonia (immmme- | P aeruginesa Survival SCgBhfor48h Cefinlozane M5354CHA 0SS MO
competent mouss) bactenial burden Ceftazidime

Piperacillin'mzobactam

Pneumonia P. gerugimesa (CAZ-5) Bacterial Atoral of 6 5C doses: | Cefinlozane M35.3.5 4A\CRE0G004],
(nentropenic mouss) - burden (4 days) | 3 and § h after Ceftazidime Takeda, 2007 [34]

P acuginssa (CAZ-R) infaction + rwice Imipensm/cilastarin

H. influenzae daily on days 2 and 3. | Ciprofloxacin

K. pneumoniae

5. pnaumonine
Complicated P. aerugimesa (CAZ-R) - M5.3.5 4\CREQG0041
(polymicrobial) K pneumonias Takeda, 2007 [34]
poeumonis ] .
P — ; F_aeruginosa (CAZ-R) +
(neutropenic mouse) H influenzae
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Infection Organism Endpoint Diose Regimen Compounds: Evaluated | Smdy Numbers
Pneumonis (rabbit) P amuginesa Dmug TV infusion Cefiolozane M4.2 2 2T A20]-P-002
Penemation simulating human

dozages
Urinary tract P. aaruginosa (CAZ-5) Bacterial A total of 5 5C doses: | Cefiolozane M5.3.5 4\ CRENG0041
infection ‘turden (4 days) | 3 hafer infecdon + Cefiazidime Takeda, 2007 [34]
{mouss) rwice daily on days 2 | Imipenem/cilastatin
and 3 Ciprofloxaci
P. aeruginesa (CAZ-F) mas iprotioxacn
P amugimesa (CAZ-R)
Bum wound infecion | P. aeugimesa (CAZ-5) Bacterial Atoral of 6 5C doses: | Cefiolozane M3.3.5 4\CRE0G0041
({mouse) ‘burden (4 days) | 3 and § b after Cefiazidime Takeda, 2007 [34]
infaction + mwice Imipenam/cilastatin
daily on days 2 and 3. | Ciprofloxacin
Thigh infection P aaugmesa (CAZ-5) Bacterial Atoral of 4 5C doses | Cefiolozane M35.3.5 4 CHALD]-M-004
(nentropenic mouse) ‘burden (12 b every 3 b Cefiazidime
Thigh infection P aaugmesa (=4) Bacterial Varous 5C doses and | Ceftolozane M35.3.5 4 CHALD]-M-004
(Dentropenic mouss) E. coli (=1} ‘turden (24 ) regimens
E pneumoniae (n=1)
Thigh infection P. aarugimesa (p=8) Bacterial 5C regimens Cefiolozane tazobactam | M35.3.54C3A 009 MC
(immmo-competent E -pneumoniae (n=¥) ‘burden (24 h) simulating human Piperacillin‘txzobactam
monss) E. coli (=4) ENPOIUrEs
Infection Organizm Endpoint Dioce Regimen Compounds Evaluated | Study Numbers
Thigh infection P. geruginesa (}4=15) Bacterial Varous 5C doses and | Cefiolozane M33SACHAOTIMC
(nentropenic mouwss) 5. preumoniae (1=3) ‘burden (24 k) regimens
Thigh infection E. coli (p=0) Bacterial Various IP doses and | Cefiolozane'tazobactam | M35.3 .5 4'CXA 083 MC
(newmopenic mouss) | F mmeumoniae (a=4) burden (24 regimens
howur)
Thigh infection MN/A Dirug phama- Various S5CTP doses | Cefolozane 3535 4CHA 042 MC
(DemTopenic mowss) cokinstics and regimens Tazobactam M5.3.5 4'CKA 025 MO
(AUC, 1)) Cefinlozane ‘tazobactam

AUC=area under the plasma concentration time curve, CAF=ceftazidime; ED), =sffective dose protecting 30% of animals fom a lethal inoculum: IP=intraperntonsal.

TV=intravenous; N/ A=not applicable; $=msceptible; B=resistant; SC=sboutaneous; 1= elimination halflife

Efficacy in a Mouse Sepsis Model
Sepsis in the mouse is the most commonly used efficacy model for evaluating and
comparing the in vivo efficacy of antibacterials in protecting infected animals from

mortality. Ceftolozane was investigated in this model along with ceftazidime, imipenem-
cilastatin, and ciprofloxacin using various gram-positive or gram-negative bacterial
strains grown in brain heart infusion broth or TSA, suspended in 5% porcine gastric
mucin, and then injected intraperitoneally (IP) into ICR mice. Challenge doses up to
approximately 1.8 x 10" CFU/mouse were evaluated. Drugs were administered
subcutaneously (SC) 1, 3, and 5 hours after the bacterial challenge. Groups of eight mice
were used for each drug dose level; deaths were recorded for 7 days after infection. The
EDS50 was calculated from the survival rate of mice on Day 7 after infection using Probit
regression. Ceftolozane was active against both gram-positive and ram-negative bacterial
infections (8 strains of 7 species) [CRE060041]. For all strains tested, the ED50 of
ceftolozane was low (0.2 to 2.58 mg/kg). The organisms evaluated included ceftazidime-
resistant P. aeruginosa with an ED50 for ceftolozane of 2.58 mg/kg, while ceftazidime
and ciprofloxacin were ineffective against this strain. The in vivo activity of ceftolozane
against other gram-positive or gram-negative pathogens was equal to that of ceftazidime
and slightly better than that of imipenem. The ED50 values of ceftolozane for all
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Enterobacteriaceae and S. pneumoniae were well below the anticipated equivalent human
therapeutic doses.

Table 45: Summary of Ceftolozane in Mouse Sepsis induced by P. aeruginosa,
Enterobacteriaceae and S. pneumoniae

Ceftolozane CALZ | IMP/CS® CIP
Challenge MIC EDsy

Organism (CFU/mouse) | (ng/mLl) (mg/k=)® EDs, (mg/ks)®
P. aeruginasa 93 CAZ-5 6.0 = 10° 025 107 316 0.85 0.91
i;i{;ﬁfgom 18064 CAZ- 45 %108 1 158 ~06 32 =48
E. coli 29 18x10° 0.125 0.2 014 0.67 0.042
E pneumoniae 1 28 % 10° 0.125 026 0.21 1.46 021
F. mirabilis 4 25 =108 0.5 0.33 0.092 1.11 0.14
5. marcescens 4003 82x=10* 0.5 157 0.78 442 0.4
E cloacae 3020 18107 0.23 0.26 034 1.36 0.083
5. pneumoniae FP1284 26 = 10° 0.125 247 6.00 0.60 =48

CAZ=reftandime; CFU=colony forming nmts; CIP=riprofloxacin; FD.y=effactive dose protechnz 50% of amimals from a lethal
el IMPACS=impenem/mlastating MIC=minmmm inhibitery concentration; S=msceptible; SC=subeutaneous;
R=resistant

2 (Concentrations represent lmupensm.

* Determined on Day 7 after infection. Treatments were SC on Days 1, 3, and 5 after infection.

Source: M3 3.5 $HICRENS0041

Tazobactam

Tazobactam alone demonstrates no in vitro antibacterial activity. Tazobactam also has no
known in vivo antibacterial activity; therefore, no animal efficacy studies were performed
with tazobactam alone.

Ceftolozane-Tazobactam

The mouse sepsis model was also used to evaluate the benefit of ceftolozane in
combination with tazobactam against ESBL-positive E. coli and K. pneumoniae. The
ED50 of ceftolozane-tazobactam (2:1 ratio) and of ceftolozane alone were determined
and compared with ceftazidime and piperacillin-tazobactam (8:1 ratio), against 2 ESBL-
positive E. coli strains (both CTX-M type) and 1 ESBL-negative strain and 3 different
strains of K. pneumoniae, 1 of them ESBL-negative and 2 of them ESBL-positive
(blaSHV, blaTEM and blaCTX-M) (CXA201-M-010; CXA201-M-014). The mice were
challenged IP with a 100% lethal inoculum of a given strain, suspended in 5% porcine
mucin. Subcutaneous treatments covered a wide range of dosages (8 mice per group) and
were administered at 2, 4, and 6 hours after infection. The mice were scored for survival
for 5 days, after which the ED50 values were determined. The table below presents the
mouse sepsis model efficacy data. Although all of the test agents showed efficacy against
the ESBL-negative strains, the ED50 of piperacillin-tazobactam was higher than that of
the other agents tested. Against the ESBL-positive E. coli strains, ceftolozane-tazobactam
was approximately 5 to 8 times more active than ceftolozane alone. Ceftolozane had
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activity similar to that of ceftolozane-tazobactam against ceftazidime-susceptible E. coli
strain C14.

Although the 2 ESBL-positive strains were susceptible to piperacillin-tazobactam in
vitro, this combination drug was not efficacious against these 2 strains in mice (ED50 >
300 mg/kg/dose). All drugs had similar ED50 values against the ESBL-negative K.
pneumoniae strain except for piperacillin-tazobactam. The ESBL-positive strain, C11,
was resistant to ceftolozane, which was consequently not efficacious in this model.
Ceftazidime, with an MIC of 1 mcg/mL, had an ED50 of 20.8 mg/kg while the ED50 of
ceftolozane-tazobactam was 47.5 mg/kg against this strain. Against the C2 ESBL-
positive strain of K. pneumoniae, only ceftolozane-tazobactam had in vivo activity, with
an ED50 value of 44.9 mg/kg, similar to its activity against the other 2 strains of K.
prneumoniae.

Reviewer’s Comment
The E. coli ESBL-positive strain, C11, was resistant to ceftolozane, and was not
efficacious in the mouse model described above.

Table 46: Efficacy of Ceftolozane-Tazobactam and Comparators in a Mouse Sepsis
Model with ESBL-negative and ESBL-Positive Clinical Isolates of E. coli and K.

pneumoniae
E coli C14 E coli C11 E. coli C12
ESBL-negative ESBL-positive ESBL-positive
MIC EDy, MIC EDsy MIC EDy
Antibiotic (pg/mL) {mg/kg)’ (pg/mL}) (mg/kg) {pg/mL) {mz/kg)
Ceftolozane 025 0.9 2 1923 64 1233
Ceftolozane/tazobactam 025 0.3 0.25 259 1 255
Ceftazidime 0.125 0.4 0.3-1 236 3264 2633
Piperacillin‘tazobactam 15 147 1 300 2 300
K pnenmoniae C4 K pnenmonine C1 K pnenmoniae C2
ESBL-negative ESBL-positive ESBL-positive
Ceftolozane 025 328 16 =300 128 1833
Ceftolozane/tazobactam 025 30.0 0.5 475 1 49
Ceftazidime 025 17.7 1 208 32 300
Piperacillin‘tazobactam 2 1957 2 300 16 300

ESBL=extended spectrum B-lactamase; EDy=effactive dose protective of 50% of ammals from a lethal moculum;
MIC=minimmum mmhibitory concentration

* Determuned 5 days after mfection. Treatment administered subcutaneously 2, 4, and 6 hours after mfecton.

Sowrce: M5 35 HCA0L-M-010; M5 3.5 HCA0L-M-014
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Reviewer’s Comment

The mouse sepsis studies demonstrated that ceftolozane-tazobactam is effective in vivo
against certain ESBL-positive E. coli and K. pneumoniae, and that ceftolozane alone is
effective in vivo against wild-type Enterobacteriaceae, S. pneumoniae, and MDR P.
aeruginosa.

Efficacy in a Mouse Pneumonia Model

The therapeutic effect of ceftolozane in experimentally induced pneumonia in mice
caused by different pathogens was compared with those of several other antibacterials
(CRE060041). All studies were performed in neutropenic mice. Mice (ICR) were
pretreated to induce neutropenia by IP administration of cyclophosphamide (200 mg/kg
four days before infection, with the exception of the H. influenzae group, in which
animals were dosed on four and one days before infection). Mice, anesthetized with 50
mg/kg pentobarbital IV, were challenged intranasally with one or two isolates of P.
aeruginosa, or H. influenzae, or K. pneumoniae, or S. pneumoniae suspended in saline at
approximately the minimum lethal dose for the uncomplicated pulmonary infection
model. The minimal lethal doses were predetermined independently for each organism
in this testing system. For the evaluation of ceftolozane in a complicated pulmonary
infection model, neutropenic mice treated with cyclophosphamide four days before
infection at a dose of 200 mg/kg were anesthetized with 50 mg/kg pentobarbital IV and
were challenged intranasally with a combination of P. aeruginosa with either K.
pneumoniae or H. influenzae. Test agents were administered SC three and six hours post-
challenge and twice a day on Days 2 and 3, with six mice per treatment group. Mice were
sacrificed on Day 4. Lungs were removed aseptically and homogenized in saline.
Residual viable bacterial cells in the homogenate were counted after culture on
appropriate agar. The logarithmic mean numbers of residual viable cells in the lung
were recorded.

Efficacy in Uncomplicated Murine Pneumonia

The in vivo efficacy of ceftolozane was investigated in immunocompetent and
neutropenic mouse pneumonia models. Ceftolozane was shown to be highly efficacious
against P. aeruginosa lung infection in immunocompetent mice. Using dosing regimens
designed to simulate the human plasma AUC levels, ceftolozane reduced the bacterial
burden by 3.44 and 2.43 log10 CFU/g of tissue in lung and spleen, respectively.
Ceftolozane was significantly more efficacious than the comparators (p < 0.05) in
reducing the lung bacterial burden (CXA.055.MC).
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Table 47: Bacterial Counts in Lung and Spleen After 48 Hours of Treatment with
Ceftolozane, Ceftazidime, and Piperacillin-Tazobactam

Bacterial Counts
MIC Value Mean * 5D log;, CEU/g of Organ
Regimen {ng/mL) Lung Spleen
Controls NA T.05=0.86 3.06=0.63
Ceftolozane 1 361+035" 263046
Ceftazidime 4 4741017 274 049"
Piperacillin‘tazobactam 64 5.04 20907 280+0.84*

CFU=colony-formng units; MA=not applicable; SD=standard deviation

* P=(.001 versus controls

" P=0.05 versus ceftandime and piperacilin/tazobactam groups

Source: M5.3.5 4/CXA.055MC
Additionally, neutropenic mouse pneumonia models were also used to evaluate the
activity of ceftolozane against P. aeruginosa and K. pneumoniae strains (CRE060041).
The table below shows that ceftolozane achieved more than a 3-log10 reduction in CFU
in all 3 strains in the lungs at all doses tested by 72 hours post-infection as compared with
untreated controls. Ceftolozane and the comparators were efficacious in the MDR P.
aeruginosa lung infection model. Ceftolozane, with a 4-log10 reduction, had efficacy
similar to that of imipenem, but was significantly more efficacious (p < 0.01) than
ceftazidime or ciprofloxacin. Additionally, efficacy against K. pneumoniae was tested in
the same infection model, using treatment with 0.5 and 2 mg/kg. At the higher dosage,
the bacterial load after treatment with ceftolozane was significantly lower than that
observed in the controls (more than a 5-log10 CFU reduction in the lungs). At this dose,
efficacy was generally comparable among the drugs tested, with the exception of
imipenem-cilastatin. At the lower dose, only ceftolozane and ciprofloxacin had a
significant effect on decreasing the bacterial load.
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Table 48: Efficacy of Ceftolozane and Comparators Against Pseudomonas
aeruginosa and Klebsiella pneumoniae in a Neutropenic Mouse Pulmonary Infection
Model

Bacterial Burden®
(Median log;y CFU/Mungs £ SD) MIC
Organism (inoculum) Antibiotic 2 mgkg | 10 mg'kg (ng/mL)
F asruginasa 93 Untreated controls 6.93+022 NA
‘E;T?Dds’ﬁf,mm} Ceftolozane 3402028 254=005% 0.25
Ceftazidime 493 =009 350+ 0.10° 1
Imipenem/cilastatin 3.00+ 018" 2412015 1
Ciprofloxacin 3.04+ 014 238+021° 0.125
10 mg/kg 50 mg/kg
P. aeruginosa 18064 Untreated controls 727007 NA
I(‘;ﬂ?i 10* CFU/mouse) Ceftolozane 3.06=0.20% 182007 1
Ceftazidime 612+ 024" 463025 32
Imipenem/cilastatin 374+ 010" 221004 16
Ciprofloxacin 6.84+008 5.65+026 64
0.5 mg'kg 2 mg'kg
ﬁ. grimlugeoéf;[e}:ﬁgi;) Untreated controls 784012 NA
' Ceftolozane 272+ 008 172019 0.125
Ceftazidime 451+049 1.81+0.17* 0.125
Imipenem/cilastatn 534+£052 273018 0.25
Ciprofloxacin 222=020" = 1.18" =003
CF U=colony-formmg umits; MDR=multidrug-resistant, MIC =munimum mluabitory concentration; NA=not applicable;

s=suscepiible; SD=standard deviation.

Determuned on the day after the last teatment. Treatment by subcutaneous mjection twice daly, for 3 days, starting 3 howrs
after mfaction

* p= 001 versus control.

p= 0,01 versus ceftazidime

p= 0,01 versus ciprofloxacin

p= 0,05 versus control.

Source: M3 3 3 HCRENO04]; Takeda, 2007 [35]

"

d

Ceftolozane was also tested in a model of complicated pneumonia in which neutropenic
mice were infected simultaneously with 2 different organisms. In a co-infection with both
susceptible K. pneumoniae and MDR P. aeruginosa, ceftolozane treatment (2, 10, and 50
mg/kg) produced the greatest reduction in bacterial load of both strains, as compared with
ceftazidime, imipenem/cilastatin, and ciprofloxacin. Although ciprofloxacin was highly
efficacious against the susceptible K. pneumoniae strain, it had little effect on the
fluoroquinolone-resistant P. aeruginosa. Imipenem/cilastatin and ceftazidime were
generally less active than ceftolozane against both pathogens, especially at the lowest

dose (CRE060041; [Takeda, 2007]).
Ceftolozane was also tested in a model of complicated pneumonia in which neutropenic
mice were infected simultaneously with 2 different organisms. In a co-infection with both

susceptible K. pneumoniae and MDR P. aeruginosa, ceftolozane treatment (2, 10, and 50
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mg/kg) produced the greatest reduction in bacterial load of both strains, as compared with
ceftazidime, imipenem/cilastatin, and ciprofloxacin. Although ciprofloxacin was highly
efficacious against the susceptible K. pneumoniae strain, it had little effect on the
fluoroquinolone-resistant P. aeruginosa. Imipenem/cilastatin and ceftazidime were
generally less active than ceftolozane against both pathogens, especially at the lowest
dose (CRE060041; [Takeda, 2007]).

Activity against Haemophilus influenzae infection

In pulmonary infection caused by H. influenzae, the bacterial load after treatment with
ceftolozane was significantly lower than that for the untreated control, and the efficacy of
ceftolozane was generally comparable to that of ceftazidime and imipenem/ cilastatin.
Consistent with in vitro data, ciprofloxacin was the most potent compound in this model.

Table 49: Efficacy in a Mouse Pulmonary Infection Caused by H. influenzae

. Bacterial Count
Orenninenectitin | Antibiotic (Logi CFU/Mung)' MIC (ng/mL)
2 mg'ks 10 mg/ks

CXA-101 543 +030" 483+0.11 0.5
CAZ 5.79+0.06 481+008 0.25

H influenzae 18033 . = 5

(18107 CFU/mouse) IMP/CS 553+025 3.65+0.19 8
CIP 218+0.11"" 144+012"" 0.0156
Untreated control 671017 NA

Abbreviations: CAZ = Ceftazidime; CIP = Ciprofloxacmn; IMP/CS = Imipenem/cilastatin; NA = Not applicable.

L Results are expressed as the mean 5D for each dosage group.

' Significantly different from control (p=0.01).

) Significantly different from control (p < 0.03).
" Significantly different from CXA-101 (p<0.01).
Source: CRE050041.

Activity against Streptococcus pneumoniae Infection

In pulmonary infection caused by S. pneumoniae, the bacterial load after treatment with
ceftolozane was significantly reduced in comparison to that of the control (more than a 4-
log reduction). The efficacy of ceftolozane was generally comparable to that of
imipenem/ cilastatin (see table below). However, neither ciprofloxacin nor ceftazidime
achieved a statistically significant reduction in CFU for either dosing group compared to
the untreated group.
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Table 50: Therapeutic Efficacy in Murine Pulmonary Infection Caused by
Penicillin-Susceptible S. pneumoniae

Oreani " Bacterial Count MIC
lgﬂl]lSlI.ll (Inoculum Antibiotic (Logmn C.”F[.'.-'lungjl Amc
Size) : (ng/mL)
10 mg'ke 50 mg'keg

CXA-101 347=0.107 290+0.15" 2
CAZ 407049 354+037 2

5. pneumoniae 18241 - 0 n

(7.3 * 10° CFU/mouse) IMP/CS 226012 < 1.33 0.0078
CIP 639054 487049 1
Untreated control 7.88 £0.08 NA

Abbreviations: CAZ = Ceftazidime; CIP = Ciprofloxacin; IMP/CS = Imipenem/cilastatin; NA = Not applicable.

L Results are expressed as the mean = SD for each dosage group.

’ Significantly different from control (p <0.01).
") Significantly different from control {p <0.03).
Source: CREOS0041.

Efficacy in Complicated Murine Pneumonia

In order to assess the potency of ceftolozane against complicated infections caused by
multiple gram-negative pathogens, a mouse pneumonia model with two inoculated
pathogens was used.

Complicated Pulmonary Infection Caused by P. aeruginosa and

K. pneumoniae

In complicated pulmonary infection caused by MDR P. aeruginosa and susceptible K.
pneumoniae, ceftolozane was the most potent compound evaluated (see table below).
ceftolozane significantly reduced the bacterial load of both pathogens, even at the lowest
dose. Although ciprofloxacin was highly active against the susceptible K. pneumonia, it
had little effect on fluoroquinolone-resistant P. aeruginosa. Both imipenem and
ceftazidime were generally less active than ceftolozane against both pathogens, especially
at the low dose level.

81

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Table 51: Therapeutic Efficacy in Murine Complicated Pulmonary Infection
Caused by P. aeruginosa and K. pneumoniae

i Bacterial Count .
Organism Antibiotic (Logip CFU/lung)! MIC
{(Inoculum Size) (pg/mL)
I mg/kg 10 mg'ke 50 mg'kg
CXA-101 455=042 373031 277=031 1
CAZ 723=0.10"7 587044 5.02=025 32
F. aeruginosa 18064 — = - ——— T T T
(2.2 x 10° CFU/mouse) IMP/CS ﬁ..4io.J: 4.66=029 J..4_D.;s" 16
CIP 7.12=0.00"7 6.18 =059 6.40 =027 64
Untreated control T91=029 NA
CXA-101 216=034 <1337 < 1.00 0.125
CAZ 4350051 263029 = 1.00t7 0.125
K. pneumeoniae 19014 — = = — ]
L == 2 Lo 2 =U. L = . lﬁ
(16 * 10° CFU/mouse) IMP/CS 3.17=0. D. 3 r;:. 3 1.00 ‘ 0
CIP 1482012 <1.00 < 1.00 <0.0313
Untreated control TT70£029 NA

Abbreviations: CAZ = Ceftazidime; CIP = Ciprofloxacin; IMP/CS = Inupenem/cilastatin; NA = Not applicable.
L Results are expressed as the mean = SD for each dosage group.
! Significantly different from control (p <0.01).

) Significantly different from control (p <0.03).

.' Significantly different from CXA-101 (p <0.01).

") Significantly different from CXA-101 (p <0.05).

Source: CRE0S0041.

Complicated Pulmonary Infection caused by P. aeruginosa and H. influenzae

In complicated pulmonary infection caused by MDR P. aeruginosa and H. influenzae, the
efficacy of ceftolozane was superior to that of the other three agents tested against both
pathogens (see table below). The other three comparators had weak activity against MDR
P. aeruginosa, especially when treated with the lower dose regimen.
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Table 52: Therapeutic Efficacy in Murine Complicated Pulmonary Infection Model
Caused by P. aeruginosa and H. influenzae

) Bacterial Count .
Grgaunn.:ll (Inoculum Antibiotic (Logy CFL'.-‘]ung}l }I:I(,
Size) (pg/mL)
I mg'kg 10 mg'kg 50 mg'kg
CXA-101 6.04 = 0.40 437+035 1.23=0.11 1
CAZ 701+0.16 618=043" | 547=0427" 32
P. geruginosa 18064 TMPICS 723720727 1762038 A0 T
(1.1 = 10* CFU/mouse) " il — e
CIP 712032 63580144~ 6.20=042" 64
Untreated control 804018 NA
CXA-101 4169=040 343+023 =200 0.5
H imfluenzae 18033 CAZ 613 =025 433041 254025 0.25
- RerEaE e IMP/CS 580=016 368018 =200° 8
(3.9 = 10" CFU/mousze) =
CIP 302019 =218 < 2.00 0.0156
Untreated control T24+£022 NA

Abbreviations: CAZ = Ceftazidime; CIP = Ciprofloxacin; IMP/CS = Imipenem/cilastatin; NA = Not applicable.
L' Results are expressed as the mean = SD for each dosage group.
’ Significantly different from control (p <0.01).

) Significantly different from control (p <0.05).

" Significantly different from CXA-101 (p <0.01).

Source: CREOS0041.

Reviewer’s Comment

Ceftolozane demonstrated activity against both gram-positive and gram-negative
respiratory pathogens in the mouse pneumonia model under neutropenic conditions.
Ceftolozane was active against drug-resistant P. aeruginosa in this model. The
bactericidal activity of ceftolozane in this model also suggested that ceftolozane had good
tissue penetration in infected lungs.

Efficacy in a Mouse Burn Wound Infection Model

The efficacy of ceftolozane in wound infection caused by ceftazidime-susceptible or
MDR P. aeruginosa was evaluated in a mouse model [CRE060041]. In brief, mice
anesthetized with 50 mg/kg IV pentobarbital were submitted to an ethanol flame burn
injury (0.1 mL of ethanol flame was applied twice on the shaved backs of the mice), and
then challenged with P. aeruginosa suspended in saline into the SC burn wound. Test
agents were administered SC on the other side of the burn wound at three and six hours
post-challenge, then twice a day on Days 2 and 3 with six mice per treatment group. Mice
were sacrificed on Day 4. The burn wound infected region was removed aseptically and
homogenized with saline. The number of residual viable bacterial cells in the homogenate
was determined by culture on agar plate. The logarithmic mean numbers of residual
viable bacterial cells in the burn wound region were recorded. The therapeutic effects of
ceftolozane in this burn-wound infection model are shown in the tables below. In burn-
wound infection caused by ceftazidime-susceptible P. aeruginosa, the residual bacterial
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load after treatment with ceftolozane was significantly lower than that with the untreated
control. ceftolozane was slightly less active than ciprofloxacin, but more active than
ceftazidime and imipenem-cilastatin.

Table 53: Therapeutic Effect in Murine Burn-Wound Infection Caused by a
Susceptible Strain of P. aeruginosa

Organism Antibiotic (LE;T?F[JE";?;L)I MIc
(Inoculum Size) . — pg/mL)
10 mg/'kg 50 mg'kes

CXA-101 427+026 221+033 0.25

CAZ 759+ 0.16 5.58 =042 1

ﬁ_gffg?ﬁ%ﬂzfme IMP/CS 6.80 = 0.42 531+023 1
CIP 2.15+0.07 <1.00" 0.125
Untreated control 8.12+0.05 NA

Abbreviations: CAZ = Ceftazidime; CPFX = Ciprofloxacin; IMP/CS = Imipenem/cilastatin; NA = Not
applicable.

L Results are expressed as the mean = SD for each dosage group.

! Significantly different from control (p<0.01).

Source: CERE0S0041.

In a burn wound infection caused by ceftazidime-resistant P. aeruginosa, the efficacy of
ceftolozane was superior to that of ceftazidime, imipenem-cilastatin, and ciprofloxacin
(see table below). More than a 4-log reduction of bacterial count was observed after
treatment with 50 mg/kg of ceftolozane. Ceftolozane was effective in this model,
including against ceftazidime-resistant P. aeruginosa.

84

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Table 54: Therapeutic Effect in Murine Burn Would Infection Caused by a MDR
Strain of P. aeruginosa

o . Bacterial Count AIC
rganism ihioti og10 CFU/wound)' S
(Inoculum Size) Antibiotic TLogo ) (Lg/mL)
10 mg/'ke 50 mg/'ke
CXA-101 535+035 346014 1
CAZ 7.58+0.13" 6.49+0.15"" 32
P aeruginosa 18064 IMPICS 69020130 6162032 T
(3.2%10° cfu/mouse) " ' I ' -
CIP 796008 744013 o4
Untreated control 7.80+0.18 NA

Abbreviations: CAZ = Ceftazidime; CIP = Ciprofloxacin; IMP/CS = Imipenem/cilastatin; NA = Not applicable.

L Results are expressed as the mean = SD for each dosage group.

! Significantly different from control (p <0.01).

* Significantly different from control (p <0.03).

" Significantly different from CXA-101 (p <0.01).
Source: CRE050041.

A mouse burn wound infection model was used to evaluate ceftolozane and ceftazidime
against either a ceftazidime-susceptible or MDR P. aeruginosa strain. In mice infected
with a ceftazidime-susceptible strain of P. aeruginosa the bacterial burden at the burn site
after treatment with ceftolozane was significantly (P < 0.01) lower than that of the
vehicle-treated control. Ceftolozane was more active than ceftazidime and
imipenem/cilastatin against this strain. Against the MDR strain, the efficacy of
ceftolozane, with a greater than 4 log10 reduction in CFU relative to the vehicle-treated
control, was superior to that of ceftazidime, imipenem/cilastatin, and ciprofloxacin (data
not shown) [CRE060041].

Efficacy in the Mouse Urinary Tract Infection Model

The efficacy of ceftolozane in UTI caused by ceftazidime-susceptible or MDR P.
aeruginosa was evaluated in a mouse model [CRE060041]. Female mice were denied
water a day before bacterial challenge. Following anesthesia with 50 mg/kg IV
pentobarbital, mice were challenged via the urethral opening with one of several bacterial
pathogens suspended in saline. Test agents were administered SC at five hours post-
challenge and twice a day on Days 2 and 3, with six mice per treatment group. Mice were
sacrificed on Day 4. Both kidneys were removed aseptically and homogenized in saline.
The number of viable bacterial cells in the homogenate was determined by culture on
appropriate agar. The logarithmic mean numbers of residual viable bacterial cells in both
kidneys were recorded. The therapeutic effects of ceftolozane in the urinary tract
infection model are shown in the tables below. In urinary tract infection caused by a
susceptible strain of P. aeruginosa, the efficacy of ceftolozane was comparable to that of
ciprofloxacin, and superior to that of ceftazidime and imipeneny/ cilastatin. In UTI caused
by a ceftazidime-resistant strain of P. aeruginosa, the efficacy of ceftolozane was
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superior to that of all three comparators. Ceftolozane demonstrated bactericidal activity in
this UTI model against both ceftazidime-susceptible and ceftazidime-resistant strains (>
3-log reduction of bacterial counts).

Table 55: Efficacy of Ceftolozane and Comparators in a Murine Urinary Tract
Infection Caused by P. aeruginosa

Bacterial Burden®

Organism (Mean logy, CEFU/kddneys + 5D} MEC

(inoeulum) Antibiotic 0.5 mg/kg | Imgkg (pg/mL)

P. meruginosa 93 Control 8.01=0.05 NA

‘E;_f}“ii‘f’;?g?wmoum Ceftolozane 4522041% 32920145 0.25
Ceftazidime 5.57+0.16" 457+041° 1
Imipenem/cilastatin 6.08 =041 473024 1
Ciprofloxacin 5.02+024 295035 0.12

2 me/kg 10 mg/ke

P neruginosa 18064 Control 734026 NA

?EE 10* CFU/mouse) Ceftolozane 3.97+0.63% 233+033% 1
Ceftazidime 6.61£037 5.66+034° 32
Imupenem/cilastatin 6.69+0.22 458 030" 16
Ciprofloxacin 133034 635027 64

CFU=colony formmg umis; MDR=mmulhdrmg-resistant; MIC=mminmm mhibitory concentrafion; MA=not applicable;
s=suscephtible; SD=standard deviation

* Determuned on Day 3 after infechon. Test agents were adnumstered SC at 5 howrs post challenge and then twice daily on
Days 1 and 2 after infection.

¥ p = 0.0] versus control.

® p =005 versus mmpensm

4 p = 005 versus ceftazidime.

® p= 001 versus inpenam.

" p =001 versus ceftazidime, imipenem and ciprofloxacin.

¥ p < 0.05 versus control.

Source: N33 5 NCRENGDDS], Takeda, 2007 [35]

Efficacy in a Neutropenic Thigh Infection Model

Ceftolozane

The neutropenic mouse thigh infection study was used to evaluate the PK/PD driver of
ceftolozane (CXA101-M-004; CXA.073.MC). As expected for a B-lactam agent,
ceftolozane demonstrated bactericidal activity in vivo against susceptible strains of E.
coli, K pneumoniae and P. aeruginosa. With a 6-hourly regimen, the mean maximal
killing (as compared with the untreated control at the time treatment was initiated) for 2
strains each of E. coli and K. pneumoniae was 2.60 + 0.24 and 4 strains of P. aeruginosa
was 2.44 + 0.46 log10 CFU/mL. Additionally, the total dose required for efficacy was
lowest when dosing was more frequent, consistent with the short t/2 of ceftolozane in
animals and the % T>MIC PK/PD driver (data not shown). Additionally, when the
bacterial load in the thighs was followed over time, it was demonstrated that treatment of
2 strains of P. aeruginosa with 200 mg/kg of ceftolozane every 3 hours produced a
bactericidal effect in the neutropenic mouse thigh model. The extent and rate of killing of
these organisms was greater with ceftolozane than with the same dosage of ceftazidime,
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although their MIC values were similar (ceftolozane, 0.5 mcg/mL for both strains;
ceftazidime, 2 mcg/mL for both strains) (see figure below).

Figure 7: Time Course of Bactericidal Activity of Ceftolozane and Ceftazidime
Against Pseudomonas aeruginosa
10 - -

gt +

,E|_ 4

=~ Conirol
7k 1 —O— CXA-101
=0 Cefiazidime

Log,, CFU/Thigh

3 L Il L L L L L Il L L L Il

0 2 46 9 120 2 4 6 9 12

Hours

ATCC=Amencan Type Culture Collection; CFU=colony-formmg units; CHA-10]=ceftolozane; MIC=mimmmm mhibitory
concentration

Note: Left panel, strain ATCC 27853; night panel, siram P02,

Ceftolozane MIC valoes were 0.5 pg/ml. for both strames; ceftazidime MIC values were 2 pg/ml. for both strams.

Treatment was with 200 mgkg every 3 hours.

Source: M5.3. 5 4CHATDL-D-004.

Ceftolozane-Tazobactam

Using the same neutropenic mouse thigh infection model, the efficacy of ceftolozane-
tazobactam against ESBL-producing Enterobacteriaceae was compared with that of
ceftolozane alone and with a combination of ceftolozane with clavulanic acid, another
BLI (CXA101-M-004). Different ratios of ceftolozane to the 2 BLIs were tested. The
challenge organisms included 1 strain each of E. coli and Enterobacter cloacae, and 3
strains of K. pneumoniae, 1 of which carried both the CTX-M-3 ESBL and overproduced
an AmpC enzyme. The effect of clavulanic acid and tazobactam was evaluated by MIC
testing against the Enterobacteriaceae tested in the neutropenic mouse thigh model (see
table below).
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Table 56: MIC Values of Ceftolozane Alone and in Combination with a BLI Against
the ESBL-Producing Strains Utilized in a Thigh Infection Model

MIC (pg/mL of ceftolozane)
Ceftolozane/clavulanic Acid | Ceftolozane/tazobactam
Ratio Ratio

Enzyme
Organism Cefrolozane 4:1 §:1 2:1 4:1 3:1 Genotvpe
E. coli 6042 16-32 1 2 2 4 3 TEM-10
K pneumoniae > 64 1-2 2.4 8-16 | 16 | 16-32 | TEM-10
4110
E. cloacae ; , 7T S
8112014 g-16 2 4 2 1-2 4 SHV-3
K preumoniae 37 _ s 4 , CTH-M-3
81-1260A 32-64 4 8 2 4 8 AmpC
iigf"’“”"’”"“*’ = 64 2 4 4.8 | 8-16 32 TEM-29

BLI=f-lactamase mbibitor; ESBL=extended spectrum f-lactamase; MIC=minirum inhibitory concentration.
Soures: M5.3.5 HCHALOL-M-O04

The effect of the various treatment regimens on the bacterial load in the mouse thigh is
summarized in the figures below. Increasing the tazobactam dose, which results in lower
ceftolozane/BLI ratios, correlated with increase in vivo bactericidal activity for E. coli
6042 and K. pneumoniae 81-1269A. In the thigh model, both ceftolozane-tazobactam and
ceftolozane/clavulanic acid combinations had poor activity against the K. pneumoniae
4105 and 4110 strains. However, some activity was observed against K. pneumoniae
4110 with higher doses of the 2 combinations and the activity against strain 4105 was
greater in the lung than in the thigh. As in other rodent models, relatively high doses of
ceftolozane and BLIs were administered because of their poor PK profile (rapid
elimination and short t’2 in mice).

Figure 8: Efficacy of 400 mg/kg/6h Ceftolozane Alone and in Combination with
Tazobactam or Clavulanic Acid in the Neutropenic Thigh Infection Model
3

E_) E coli6na2 T K. pneumoniae 41 107
= B i i
% 2
& St i ]
i Jaolol
eI
<+ O0F T k
g3 o
£ 2t + .
o ©
g 2
< 2k + 4
E=
U _3 L L 1 L L L 1 L 1 L L L 1 L
1 2 3 4 5 6 7 1 2 3 45 67
1= Saline
2=CXA-101 Alone 5=CXA-101 + Taz 2:1

3=CXA-101+Clav4:1 6=CXA-101+ Taz 4.1
4=CXA-101 +Clav 8:1 7=CXA-101 + Taz 8:1

CFU=colony-formung umts; Clav=clavulame acid; CXA-101=ceftolozane; Taz=tazobactam.
Mote: Treatment was subcutaneous.
Sowrce: M3 35 HCHAIOL-M-004
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Figure 9: Efficacy of 800 mg/kg/6h Ceftolozane Alone and in Combination with

Tazobactam or Clavulanic Acid in the Neutropenic Thigh Infection Model
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4 = CXA-101 + Clav 8:1 7 = CXA-101 + Taz 8:1

CFU=colony-forming units; Clav=clavulame acid; CHA-101=ceftolozane; Taz=tazobactam
HNote: Treatment was subcutansons.
Source: M53.5 4CHAL0L-M-004.

Figure 10: Efficacy of 400 mg/kg/6h Ceftolozane Alone and in Combination with
Tazobactam or Clavulanic Acid in the Lungs and Thigh of Neutropenic Mice
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MNote: Treatment was subeutaneous.
Source: M53.5 $CIALDL-M-004
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Figure 11: Efficacy for 800mg/kg/6h of Ceftolozane Alone and Combined with
Clavulanic Acid and Tazobactam Against Two Strains of Enterobacteriaceae,
Producing ESBLS, in the Thigh of Neutropenic Mice
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Immunocompetent Mice

The efficacy of ceftolozane-tazobactam exposures approximating time as percentage of
the dosing interval that the free drug concentration exceeds the MIC (%fT > MIC) of
ceftolozane and ceftolozane-tazobactam and piperacillin/tazobactam against target gram-
negative organisms was evaluated in an immunocompetent mouse thigh infection model
(CXA.009.MC). The organisms tested included 6 strains of P. aeruginosa, 4 strains of K.
pneumoniae (3 of them ESBL-positive), and 4 strains of E. coli (2 of them ESBL-
positive). After infection, 3 mice per group were administered ceftolozane + tazobactam
at doses designed to approximate the %fT > MIC observed in humans given 1 g of
ceftolozane + 0.5 g tazobactam every 8 hours as a 1-hour infusion. As a comparison,
groups of mice were administered piperacillin-tazobactam doses designed to approximate
the %/T > MIC observed in humans given piperacillin/tazobactam 4.5 g every 6 hours as
a 30-min infusion. The mice were euthanized after 24 hours. The thighs were
homogenized and bacterial loads were determined by plating on agar medium.

This study demonstrated that predicted ceftolozane + tazobactam %fT > MIC exposures
of > 37.5 resulted in 1- to 3-log decreases in CFU in P. aeruginosa and ESBL-negative
strains of Enterobacteriaceae with MICs < 16 mcg/mL while, in comparison, predicted
piperacillin/tazobactam %fT > MIC exposures of >40 resulted in static to >1 log
decreases in CFU in ESBL-negative strains with MICs < 32 mcg/mL. With regard to the
ESBL-positive strains, treatment with ceftolozane-tazobactam produced greater decreases
in CFU than ceftolozane alone. Ceftolozane alone produced statistically significant
reductions in CFU 4 of 8 P. aeruginosa isolates compared with piperacillin-tazobactam
and in 8 of the isolates there was at least a 1-log reduction in colony counts
(CXA.009.MC). The addition of tazobactam to ceftolozane produced significant
reductions in CFU for 7 isolates as compared with piperacillin-tazobactam.
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Overall, human simulated exposures of ceftolozane with or without tazobactam
demonstrated greater efficacy versus piperacillin-tazobactam (data not shown).

Conclusions

Ceftolozane and ceftolozane-tazobactam were effective in systemic lethal infections in
mice caused by P. aeruginosa, including MDR strains, and Enterobacteriaceae, including
ESBLproducing strains. The efficacy of ceftolozane was demonstrated in severe
infections, including sepsis, pneumonia, UTI, burn wound, and thigh infections. In
general, ceftolozane and ceftolozane-tazobactam were comparable to or better than
comparator antibacterials evaluated against all pathogens studied.

Reviewer’s Comment

There was a difference in efficacy in animal models when ceftolozane alone was
compared to the combination of ceftolozane with tazobactam. Examples of this include
the following three models:

In the mouse sepsis model, the E.coli ESBL-positive strain (C11) was resistant to
ceftolozane. Ceftazidime, with an MIC of 1 mcg/mL, had an ED50 of 20.8 mg/kg while
the ED50 of ceftolozane-tazobactam was 47.5 mg/kg against this strain. Against the
ESBL-positive E. coli strains, ceftolozane-tazobactam was approximately 5 to 8 times
more active than ceftolozane alone. Against the (C2) ESBL-positive strain of K.
pneumoniae, ceftolozane alone had an ED50 of 183.3 mg/kg, while ceftolozane-
tazobactam had in vivo activity, with an ED50 value of 44.9 mg/kg.

In the neutropenic mouse thigh infection model, the efficacy of ceftolozane-tazobactam
against ESBL-producing Enterobacteriaceae was compared with that of ceftolozane
alone. The challenge organisms included E. coli, Enterobacter cloacae, and K.
pneumoniae, 1 of which carried both the CTX-M-3 ESBL and overproduced an AmpC
enzyme. Increasing the tazobactam dose, correlated with increase in vivo bactericidal
activity for E. coli 6042 and K. pneumoniae 81-1269A.

In the immunocompetent mouse thigh infection model, the efficacy of ceftolozane-
tazobactam exposures approximating MIC (%fT > MIC) of ceftolozane and ceftolozane-
tazobactam target gram-negative organisms was evaluated. The organisms tested
included P. aeruginosa, K. pneumoniae (3 of them ESBL-positive), and E. coli (2 of
them ESBL-positive). With regard to the ESBL-positive strains, treatment with
ceftolozane-tazobactam produced greater decreases in CFU than ceftolozane alone.
Ceftolozane alone produced statistically significant reductions in CFU for 4 of 8 P.
aeruginosa isolates. The addition of tazobactam to ceftolozane produced significant
reductions in CFU for 7 isolates.
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Pharmacokinetics and Pharmacodynamics

Rabbit Penetration Model

A rabbit model was used to evaluate the penetration of ceftolozane into plasma, bone, and
lung when simulating human PK. The PK of ceftolozane was evaluated in the rabbit after
a 60-min IV infusion. Plasma half-life of ceftolozane into the rabbit was 0.75 hour as
compared to 2.38 hours in humans; therefore requiring simulation to accurately evaluate
drug penetration (CXA201-P-002). Rabbits were dosed using a computer controlled
pump simulating the human kinetic profiles of ceftolozane in rabbits. After simulation of
a one hour infusion, concentrations of ceftolozane in plasma, lungs, marrow, and bone
were determined at 0 (Cmax), 30, 60, and 120 min. The penetration of ceftolozane was
assessed as the ratio between homogenized tissues concentrations of ceftolozane and
plasma concentrations (see table below). The highest penetration was noted at 1.5h and
ranged from 25% (in lung) to 9% (in bone).

Table 57: Ratio of Ceftolozane Concentrations Between Tissues and Plasma in the
Rabbit After Simulation of the Human Pharmacokinetics of 1 g¢ Administered Every

8 Hours
Concentration of Ceftolozane (Tizssue to Plasma Ratio) (%)
Lungs Bone Tissue
Time (hours) Right Lung Left Lung Marrow Bone
Study 1
0 0.0x00 0.0£00 0000 0000
1 145+23 148+04 79=x21 52+04
15 192+£35 158+18 141+14 6.1+232
2 180+19 13608 11.7+34 56+11
3 04+36 17217 68+44 0000
Study 2
15 24.8% 250% 17.5% 9.0%

Mote: 3 animals were used per time point. Diata presented as mean percentage phas or minus standard deviation.
Source: M4.2.2 NCHAL-P-002

Ceftolozane

The % T>MIC has been established as the PK/PD index that correlates best with the
therapeutic efficacy of cephalosporins and other B-lactam antibacterials. The % T>MIC
required to achieve a bacteriostatic effect in the neutropenic mouse thigh infection model
is considered the target for predicting clinical efficacy of cephalosporin antibacterials
[Ambrose, 2007; Craig, 1998]. To confirm that this relationship is also applicable to
ceftolozane, a study using multiple isolates of P. aeruginosa and Enterobacteriaceae was
conducted in a neutropenic mouse thigh infection model [CXA101-M-004]. The
objectives for this study were to determine the PK/PD indices and their magnitudes for
ceftolozane in the animal model, and to provide a guideline for estimation of the dosing
regimen(s) suitable for human studies. The relationships between microbiological effect
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and each of the PD indices (% T>MIC, 24-hour area under the plasma drug
concentration-time curve (AUC)/MIC and peak/MIC) were investigated for several
bacterial strains. As with other B-lactam antibacterials, the microbiological effect
correlated most strongly with the % T>MIC, with coefficient of determination (R2)
values of > 70% (see figure below).

Figure 12: Relationship of Different PK/PD Indices to the Activity of Ceftolozane
(CXA-101) Against K. pneumoniae ATCC 4316
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Abbreviations: AUC = Area under the curve of concentration vs. time; Cpyy = Maximum concentration in plasma;
R° = Coefficient of determination.
Source: CXA101-M-004.

In general, the shape of the dose-response curves was similar for all strains. The %
T>MIC values for bacteriostasis, 1-log kill, and maximum bactericidal effect are shown
in the table below. A high extent of bacterial killing was achieved in neutropenic mice for
most strains of Enterobacteriaceae and P. aeruginosa. The doses required to achieve
stasis varied from 5.69 to 61.2 mg/kg/6 hours. The free-drug % T>MIC values
corresponding to the bacteriostatic doses varied from 21% to 29% (1.3-fold variance). A
1-log reduction of bacterial count was achieved with T>MIC values < 38%. The T>MIC
values required for a static effect were similar for strains of Enterobacteriaceae and
strains of P. aeruginosa.
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Table 58: Maximum Killing and T>MIC Values Required for Static and
Bactericidal effects with 6-Hourly Dosing of Ceftolozane (CXA-101) Against Eight

Organisms
Organiam . '.I'>.\[I(‘ . T>MIC ; Maximum Kllhllg
Static Dose (%) 1-log kill (%) Logyp CFU/thigh
Enterobacteriaceae
E. coli ATCC 25922 28.1 328 =295
E. coli NIH-J 280 323 -2.49
K. pneumoniae ATCC 43816 252 320 -2.52
K. pneumoniae 216 240 202 -242
Mean 263=21 31616 -2.60+024
P. aeruginosa
ATCC 27853 243 339 -1.92
4034A 285 353 -2.61
PO2 21.7 301 -2.24
313 214 26.7 -2.99
Mean 240=33 31539 244046

Abbreviation: T>MIC = Time above minimum inhibitory concentration.
Source: CXA101-M-004.

In summary, the cephalosporin T>MIC target for free drug to produce a net bacteriostatic
effect has been reported most commonly in the range of 30% to 40% [Craig 1998]. The
T>MIC with ceftolozane (21% to 28%) required to produce a bacteriostatic effect
appeared to be shorter than that reported with other cephalosporins but will need to be
verified in comparative studies. Data from this study confirmed that 1) T>MIC was the
best PK/PD predictor of efficacy of ceftolozane; 2) T>MIC was not affected by changes
i MICs and 3) similar PK/PD indices for ceftolozane were observed against
Enterobacteriaceae and P. aeruginosa. The PK/PD index of % T>MIC is regarded as the
most predictive in selecting a dosing regimen for clinical studies

Proposed Susceptibility Interpretive Criteria and Quality Control Paramelers
The Applicant’s proposed susceptibility interpretive criteria and quality control
parameters for ceftolozane-tazobactam are shown in the figures below:

Table 59: Proposed Interpretive Criteria for Ceftolozane-Tazobactam
® ¢

Source: M2.7.2.4 8\Table 127
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Proposed Quality Control Parameters

See Applicant and Agency’s proposed labeling at the end of this review and also the
section of this review titled, “Development of Interpretive Criteria and Quality Control
Parameters” for further information,

Human Pharmacokinetics

An overview of the studies that evaluated the clinical pharmacology of ceftolozane alone
or ceftolozane-tazobactam in healthy volunteers, special populations, and subjects with
infection, and the studies that evaluated microbiology was provided by the Applicant.

General Clinical Pharmacology

Pharmacokinetics

Ceftolozane exposure (maximum [peak] plasma drug concentration [Cmax] and area
under the plasma concentration-time curve [AUC]) was approximately dose-proportional
when administered IV over a 1-hour period to healthy volunteers with normal renal
function following single doses ranging from 250 mg to 3 g and multiple (10-day) doses
of 500 mg to 2 g every 8 hours and 1.5 g every 12 hours. The PK parameters for
ceftolozane-tazobactam were similar following single and multiple doses, given alone or
co-administered (see table below), demonstrating lack of accumulation or PK interaction.
Ceftolozane elimination half-life (t'2) was independent of dose and ranged from
approximately 2 to 3 hours with no observed accumulation, thus supporting 3 times daily
administration.

Table 60: Mean (%CV) Ceftolozane and Tazobactam Plasma Pharmacokinetics
Parameters After Single and Multiple Ceftolozane-Tazobactam 1.5 g Intravenous 1-
hour Infusions Every 8 Hours in Healthy Adults

Ceftolozane/ Tazobactam
(1.5 g every 8 hours)
Ceftolozane Tazobactam
g (500 mg)

Dayv1 Day 10 Day 1 Day 10
PK parameters (n=9) (n=10) (n=9)" (m=10)
Coax (pg/mL) 69.1 (11) 744 (14) 18.4 (16) 18.0 (8)
Ty (lljlb 1.02(1.01, 1.1) 1.07(1.0,1.1) 1.02 (0,99, 1.03) 1.01(1.0.1.1)
AUC (pgrh/mL)" 172 (14) 182 (15) 24 4 (18) 25.0(15)
t:; (h) 2.77 (30) 3.12(22) 091 (26)“' 1.03 (19)

AUC=area under the plasma concentration-time curve; AUC,~area under the plasma concentration-time curve from time zero
to the last measurable concentration (plasma samples were obtained through 24 hours); AUC, ;;=area under the plasma
concentration-time curve for a dosing interval at steady state; Cppy=maxinmm (peak) plasma dmg concentration:
CV=coefficient of variation; PK=pharmacolinetic; t;=elimination half-life; typ,=time to reach maxinmm (peak) plasma
concentration following dmg administration

* N=9, one ontlier subject excluded from descriptive statistics

* Median (mininmm maxinmm) presented

© AUC for Day 1=AUCg and AUC for Day 10=steady state AUC (AUC. )

N=8, one subject exchuded from descriptive statistics as the concentration-time profile did not exhibit a terminal log-linear
phase and t.; conld not be calculated

Source: M2.7.2.2.1 2\Table 6 and Table 7
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Distribution

The plasma protein binding of ceftolozane in humans ranges from approximately 16% to
21%; plasma protein binding for tazobactam is approximately 30%.

The apparent volume of distribution at steady state after IV administration (Vss) of
ceftolozane and of tazobactam administered to healthy volunteers in multiple-dose
studies (approximately 12 to 17 L and 14 to 19 L, respectively) was similar to
extracellular fluid volume, suggesting distribution of both compounds in the
extravascular space. In infected patients, Vss appeared to increase, consistent with a
previously published report showing that the volume of distribution of B-lactam
antibacterials can be increased significantly in the presence of intra-abdominal disease
[Adan, 2012]. Both ceftolozane and tazobactam penetrate into ELF in concentrations
likely to be clinically relevant.

Metabolism and Excretion

Ceftolozane undergoes minimal metabolism following IV administration in humans with
most (mean of approximately 99%) of the administered dose excreted unchanged in the
urine, indicating that it is metabolically stable. Ceftolozane is predominantly eliminated
by glomerular filtration and that tubular secretion-related drug interactions observed with
other antibacterials (Zosyn", [2012]) are not expected with ceftolozane.

Less than 20% of a tazobactam dose is converted to a single metabolite (M1) that lacks
pharmacological activity. Tazobactam and its M1 metabolite are eliminated primarily by
renal excretion with <20% as the M1 metabolite and >80% as unchanged drug through
glomerular filtration and tubular secretion.

Special Populations

The PK of ceftolozane-tazobactam were evaluated in subjects with mild, moderate, and
severe renal impairment, as well as subjects with end-stage renal disease (ESRD) on
hemodialysis (HD). Given that ceftolozane-tazobactam is primarily eliminated by renal
excretion, creatinine clearance (CLCR) was shown to influence and predict the CLR and
exposure to ceftolozane-tazobactam. Relative to ceftolozane-tazobactam exposures in
subjects with normal renal function (CLCR >90 mL/min), the slightly increased
exposures observed in subjects with mild renal impairment (CLCR >50 to 89 mL/min)
were not clinically relevant, whereas exposures increased approximately 2- to 2.5-fold
and 3- to 5-fold in subjects with moderate (CLCR 30 to 50 mL/min) and severe (CLCR
15 to 29 mL/min) renal impairment, respectively.

Reviewer’s Comment
Dose adjustments were recommended by the Applicant for certain special populations.

Pharmacokinetics/Pharmacodynamics and Exposure/Response
Like other B-lactam antibacterials, the PK/PD parameter that most closely correlates with

efficacy is the time, as a percentage of the dosing interval, that the plasma concentration
of ceftolozane exceeds the minimum inhibitory concentration (MIC) of the infecting
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organism (% T>MIC). In the mouse neutropenic thigh infection model, the mean
(median) %T>MIC values based on total drug concentration for bacteriostasis and 1-log-
kill were 25.2 ( @@ and 31.5 (@ respectively. These data support a bactericidal
%T>MIC value of approximately 30%. Monte Carlo simulation analysis of clinical PK
data revealed that, using a PD target of 30% T>MIC, a dose of ceftolozane-tazobactam
1.5 g every 8 hours administered as a 1-hour IV infusion provides sufficient drug
concentrations to cover target pathogens, with a probability of target attainment (PTA) of
>90% for pathogens with an MIC of up to 8 mcg/mL. These results led to the selection of
the dose regimen of ceftolozane-tazobactam 1.5 g every 8 hours as a 1-hour IV infusion
for Phase 2 and Phase 3 trials.

The relationship between exposure and efficacy or safety was assessed based on data
from the Phase 2 cUTI and cIAl studies. The dose of 1.5 g ceftolozane-tazobactam was
associated with a small number of clinical failures. No trend was observed between
exposure and clinical response (success or failure). With respect to safety, a relationship
between exposure and select adverse events (AEs) or changes in laboratory values from
baseline was not apparent.

Reviewer’s Comment

The dose of 1.5 g ceftolozane-tazobactam was associated with a small number of clinical
failures. No trend was observed between exposure and clinical response (success or
failure). This may suggest that the reasons for failure were not related to inadequate
exposures.

Since ceftolozane is an antibacterial agent that targets both gram-negative and gram-
positive bacterial pathogens by binding the essential bacterial PBPs and tazobactam is an
inhibitor of many bacterial class A and C B-lactamases, all primary pharmacodynamic
(PD) effects are directed towards bacteria as opposed to animal or human organs or
tissues.

The Applicant’s conclusions from PK-PD target attainment analysis are below:
* The results of the PK-PD target attainment analyses described herein,
which are based on free-drug % T>MIC targets of ®® and | ®®
associated with net bacterial stasis and a 1-log10 CFU reduction from
baseline, respectively, support in vitro susceptibility test interpretive
criteria for ceftolozane-tazobactam against P. aeruginosa of 8 mg/L for the
dosing regimens by renal function categories described below:

e For patients with high normal renal function administered
ceftolozane-tazobactam 1000/500 mg q8h, a PK-PD MIC cut-off
value of 4 to 8 mg/L was identified;

e For patients with normal renal function and mild renal impairment
administered ceftolozane-tazobactam 1000/500 mg q8h, a PK-PD
MIC cut-off value of 8 mg/L was identified;
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e For patients with moderate renal impairment administered
ceftolozane-tazobactam 500/250 mg q8h, a PK-PD MIC cut-off value
of 8 mg/L was identified; and

e For patients with severe renal impairment administered
ceftolozane-tazobactam 250/125 mg q8h, a PK-PD MIC cut-off value
of 8 mg/L was identified.

* The results of the PK-PD target attainment analyses described for

2000 mg ceftolozane adjusted for renal function group, which are based

on free-drug % T>MIC targets of @® and @ associated with net

bacterial stasis and a 1-log10 CFU reduction from baseline, respectively,

support in vitro susceptibility test interpretive criteria for ceftolozane-tazobactam against
P. aeruginosa of 16 mg/L.
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CLINICAL TRIALS

Overview

Primary data in support of the effectiveness of ceftolozane-tazobactam in cUTI and in
clAl are each derived from two Phase 3 studies in adult subjects, incorporated into 1

well-controlled, adequately-powered, pooled analysis in each indication, cUTI
(cUTI\CXA-cUTI-10-04 and -05) and cIAI (cIAINCXA-cIAI-10-08 and -09).

Study Designs

Studies CXA-cUTI-10-04 and -05 and CXA-cIAI-10-08 and -09 were multicenter,
multinational, randomized, double-blind, active-controlled noninferiority studies. Subject
participation comprised 3 phases: Screening, Treatment, and Post-treatment (comprising
the end-of-therapy [EOT], TOC, and LFU visits).

Subjects in both indications received IV therapy for the entire duration of treatment. All
subjects were initially treated as inpatients; outpatient IV therapy could have been
considered after a minimum duration of treatment (9 doses, 3 days).

Cubist obtained agreement from the FDA and the Committee for Medicinal Products for
Human Use (CHMP) to proceed with a single-study strategy for the cUTI and cIAI
indications achieved by pooling data from the 2 identical Phase 3 cUTI protocols and the
2 identical Phase 3 cIAl protocols, providing one database per indication with appropriate
total sample size and adequate power. The data from the individual protocols for each
indication were pooled after database lock, analyzed as 1 dataset, and are reported in 1
clinical study report per indication (cCUTI\CXA-cUTI-10-04 and -05, cIAIN\CXA-cIAI-10-
08 and -09).

Phase 1 Studies

Nine phase 1 studies were conducted with FDA guidance that evaluated clinical
pharmacology. Single and multiple ascending doses of ceftolozane alone and in
combination with tazobactam were evaluated. Safety, tissue distribution and
investigations into special populations (impaired renal function) were examined.

Phase 2 Studies

Phase 2 studies were intended to assess the safety profile and provide a preliminary
evaluation of efficacy. The studies also provided important PK data in the cUTI and cIAI
populations. The designs of the Phase 2 studies were similar to those of the Phase 3
studies; both were multicenter, prospective, double-blind, active-controlled studies
assessing only 1 dose of ceftolozane or ceftolozane-tazobactam. One Phase 2 study
(Ceftolozane-03) investigated ceftolozane alone compared with ceftazidime for the
treatment of cUTI and a second (cIAIN\CXA-cIAI-10-01) explored ceftolozane-
tazobactam compared with meropenem for the treatment of cIAl.

The Phase 2 study in cUTI (Ceftolozane-03) was the first and only safety and efficacy
study conducted with ceftolozane alone in a patient population. Subsequent development
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of ceftolozane as a single agent was discontinued in favor of ceftolozane-tazobactam in
the Phase 3 studies. The results from this Phase 2 study supported the therapeutic
effectiveness and safety of the 1 g every 8 hours regimen of ceftolozane administered as
an IV infusion for 7 to 10 days in adults with cUTI. The Phase 2 cUTI study was similar
to the Phase 3 study in terms of the population and diagnostic criteria.

The primary efficacy endpoint in the Phase 2 study was microbiological eradication in
the microbiologically evaluable (ME) at TOC population consistent with the prevailing
regulatory guidance at the time the study was conducted. Ceftazidime was used as the
comparator in Phase 2 whereas levofloxacin was used in Phase 3. This change was made
to ensure the Phase 3 program was more widely accepted globally because ceftazidime is
not commonly used as empiric therapy for cUTI and more ESBL producing organisms
were anticipated as sites were expanded in Phase 3.

The Phase 2 study in cIAI (CXA-cIAI-10-01) was similar to the Phase 3 cIAl study in the
range of infections eligible for participation, inclusion and exclusion criteria, doses of
ceftolozane-tazobactam plus metronidazole, comparator agent, and definitions of clinical
response. However, the 2 studies differed slightly in the treatment duration allowed, the
timing of the assessment for the primary and secondary endpoints, and stratification. In
the Phase 2 study, the treatment duration was 4 to 7 days (up to 14 days in Phase 3), the
primary endpoint was assessed at the TOC visit 7 to 14 days after the end of study drug
therapy (compared with 24 to 32 days after the initiation of study drug in Phase 3), and
stratification was based on localized complicated appendicitis versus other sites of
infection (compared with bowel versus other sites of infection in Phase 3).

Complicated Urinary Tract Infections (cUTI) Studies (Studies CXA-cUTI-10-04 and
CXA-cUTI-10-05), and Complicated Intra-abdominal Infections (cIAl) Studies
(StudiesCXA-cIAI-10-08 and CXA-cIAI-10-09)

Phase 3 Studies

Treatments Administered and Duration of Therapy

Only 1 dosing regimen of ceftolozane-tazobactam (1.5 g of ceftolozane-tazobactam every
8 hours) was evaluated throughout the Phase 3 clinical development program. To ensure
an adequate but not unnecessarily lengthy duration of drug exposure, 7 days of therapy
was selected in the cUTI indication and 4 to 10 days of therapy was selected in the cIAl
indication (which could be extended to 14 days in more serious infections with slower
rate of clinical response). In both the cUTI and cIAlI indications, the full course of
treatment was administered as an [V infusion, with no oral switch permitted. The studies
were designed to test non-inferiority against concurrent active control arms: levofloxacin
750 mg every 8 hours administered as an IV infusion in the cUTI indication and
meropenem 1 g every 8 hours administered as an IV infusion in the cIAI indication.
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Levofloxacin: Comparator Agent in cUTI

Levofloxacin was chosen as the comparator in cUTI because it is approved for, and
widely used in, the treatment of cUTI worldwide. The 750 mg once daily dose of
levofloxacin is the highest approved dose for the treatment of cUTI. This high-dose
regimen was chosen to ensure the maximum possible activity of the comparator in the
setting of increasing resistance, although at the time of initial planning of the cUTI study,
levofloxacin resistance was not known to be as prevalent globally as observed in the
study.

Levofloxacin 750 mg once daily has proven efficacy in cUTI, a favorable safety profile
in various infection types, and is cited in various clinical practice guidelines as the first
choice therapy for the treatment of cUTI [Hooton, 2009; Grabe; 2012, Nicolle 2005].
Although levofloxacin 750 mg once daily is approved as a 5-day course in the United
States for cUTI, there is no evidence-based consensus on the appropriate duration of
therapy for cUTI. Most infectious disease experts and various clinical practice guidelines
recommend a minimum of 7 days of treatment for patients with serious cUTIs [Hooton,
2009; Grabe, 2012; Nicolle, 2005]. For this reason and considering the increasing rates of
fluoroquinolone resistance worldwide [Bouchillon, 2012], Cubist elected to extend the
duration of levofloxacin therapy to 7 days for this study. Selecting the highest approved
levofloxacin dose, and extending the approved duration, were intended to ensure global
acceptance of the comparator regimen, and provide investigators with an ethically
appropriate, clinically relevant, effective comparator against which the activity of
ceftolozane-tazobactam could be assessed. Not allowing oral switch therapy reduced the
potential confounding of additional antimicrobial therapy and ensured accrual of more
seriously ill patients.

Meropenem: Comparator Agent in cIAI

Meropenem is a broad-spectrum antimicrobial agent with excellent activity against
pathogens associated with cIAl. Meropenem was chosen as the comparator for cIAl
based on proven safety and efficacy in this indication. It is approved as monotherapy for
the treatment of cIAl in the United States and other regions and is recommended as
monotherapy in treatment guidelines for cIAI [Solomkin, 2010]. The 1g IV every 8 hour
dose of meropenem chosen for this study is the approved dose for the treatment of IAI
(Merrem®, [2013]). The optimal duration of therapy for patients with IAI has not been
determined in randomized controlled studies; however, antibacterials approved for use in
clAI were generally studied for 5 to 14 days of therapy and 4 to 7 days of therapy is
recommended in the evidence-based guidelines for the treatment of cIAI [Solomkin,
2010].

Metronidazole: Adjunct Therapy with Ceftolozane-tazobactam in cIAI
Metronidazole, a limited-spectrum, anaerobe-specific antibiotic commonly used in the
treatment of cIAl in combination with a cephalosporin, was used as an adjunct in the
ceftolozane-tazobactam arm of the cIAl studies. Its use in this manner is recommended in
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evidence-based guidelines for the treatment of cIAI [Solomkin, 2010]. In vitro studies
have shown no antagonism with ceftolozane-tazobactam.

Reviewer’s Comment

In vitro studies have shown no antagonism between metronidazole and ceftolozane-
tazobactam, which is important because metronidazole was used in combination with
study drug in the cIAl studies.

For both indications, the primary objective of the Phase 3 studies was demonstration of
noninferiority of ceftolozane-tazobactam versus the respective comparator based on a
10% noninferiority margin and 95% confidence interval. In the cUTI indication, the
primary efficacy endpoint was the composite microbiological eradication and clinical
cure rate in the microbiological modified intent-to-treat (mMITT) population at the test-
of-cure (TOC) visit 7 (& 2) days after the last treatment. The mMITT population was
defined as all randomized subjects who received any amount of study drug and had at
least 1 qualifying causative uropathogen from a pretreatment baseline urine specimen.
Subjects who were cured at the TOC visit were reassessed at the late follow-up (LFU)
visit (28 to 35 days after end of therapy).

In the cIAl indication, the primary efficacy endpoint was the clinical cure rate in the
microbiological intent-to-treat (MITT) population at the TOC visit 24 to 32 days after the
initiation of study drug. The MITT population was defined as all randomized subjects
with cIAI with at least 1 baseline intra-abdominal pathogen, regardless of susceptibility
to study drug. Subjects who were clinically cured at the TOC visit were reassessed at the
LFU visit (38 to 45 days after the initiation of study drug). For each indication, non-
inferiority was concluded when the lower bound of the 95% confidence interval was
greater than -10%.

The table below summarizes the primary and key secondary efficacy analysis populations
in the Phase 3 studies; the primary and key secondary efficacy objectives for the 2
indications are provided in the tables below. In the analysis of both the cUTI and cIAI
studies, a primary analysis population and several secondary populations were defined
based on satisfying clinical and microbiological criteria.
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Table 61: Primary and Key Secondary Efficacy Populations

Efficacy ¢UTI Indication cIAT Indication

population

Primary mMITT: All randomized subjects who MITT: All randonuized subjects who had IAT as
received any amount of study drug and evidenced by identification of at least 1 baseline infra-
who had at least 1 acceptable causative abdominal pathogen, regardless of susceptibility to study
uropathogen from a study-gqualifying dmug.
pretreatment baseline urine specimen

Eey ME: Subset of mMITT population who ME: Subset of MITT population who received adequate

Secondary | had interpretable urine culture result at amount of study dmug, met the protocol-specific disease
the TOC visit, adhered to study defimition of cIAL had at least 1 baseline infecting
procedures. and had a TOC wisit within pathogen identified that was susceptible to study dmug,
the specified visit window. adhered to study procedures and had a TOC visit within

the specified visit window.

ITT=intent-to-treat; ME=microbiclogically evaluable; MIT T=microbiological mtent-to-treat; mMIT T=mucrobielogical modified
tent-to-treat; TOC=test-of-cure

Table 62: Primary and Key Secondary Efficacy Objectives

Efficacy
ohjective

c¢UTI Indication

cIAT Indication

To demonstrate nonnfenionty of
ceftolozane/tazobactam versus levofloxacin in
compaosite microbiclogical eradication and
clinical cure rate in the mMITT population at the
TOC visit.

Noninferiority to levofloxacin was conchaded if
the lower bound of the 2-sided 95% stratified
Newcombe CI around the difference in composite
mucrobiological eradication and clinical cure rates
(ceftolozane tazobactam minus levofloxacin) was
greater than -10.0%.

To demonstrate nonmferionty of
ceftolozane/tazobactam plus metronidazole versus
meropenem in the clinical cure rate in the MITT
population at the TOC wvisit.

Noninferiority to meropenem was concluded if
the lower bound of the 2-sided 95% stratified
Newcombe CI of the difference in the clinical
cure rates ([ceftolozane/tazobactam and
metronidazole] minus meropenem) was greater
than -10.0%.

Sec-nnda.rj;

To demonstrate nonnfenionty of
ceftolozanetazobactam versus levofloxacin based
on the difference in composite microbiolegical
eradication and climecal cure rate in the ME
population at the TOC visit

(ceftolozane tazobactam minus levofloxacin),
using the 10% noninferiority margin.

To demonstrate nonmferionity of
ceftolozane/tazobactam plus metronidazole versus
merepenem based on the difference in clinical
cure rates in the ME population at the TOC visit
([ceftolozane/tazobactam and metromdazcle]
munus meropenem), using the 10% noninfenonty
MATgn.

Cl=confidence mterval; ME=microbiclogically evaluable; MIT T=mcrobiological intent-to-treat; mMIT T=mucrobiological
modified intent-to-treat; TOC=test-of-cure

In addition to the primary and secondary analyses, several prespecified sensitivity
analyses were performed for the primary efficacy endpoints to confirm the overall

robustness of the study results, including adjustments for protocol number, region, and
baseline diagnosis. As well, analyses were conducted at different time points, including
EOT and LFU. Subgroup analyses based on various demographic and baseline disease
characteristics were also conducted for the primary and key secondary efficacy endpoints
in the cUTI and cIAl indications. A discussion of the rationale for pooling the data across
protocols within each indication was provided (not shown).
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The table below presents a summary of the number of subjects included in the key
populations for analysis in the Phase 3 studies by indication and treatment arm.

Across the Phase 3 studies, 2076 subjects were randomized and 2047 received study drug
(Safety population), including 1015 who received at least one dose of ceftolozane-
tazobactam. A total of 1083 subjects were randomized in the cUTI study and 993 subjects
were randomized in the cIAl study. The percentage of subjects included in the primary
and key secondary efficacy populations were balanced between the treatment arms in the
Phase 3 studies. In the cUTI studies, 800 subjects were included in the primary mMITT
population and in the cIAl study, 806 subjects were included in the primary MITT
population. The most common reason for exclusion from the primary efficacy population
in the cUTTI and cIAI indications was lack of a qualifying baseline infecting pathogen .
Exclusion from the ME population was primarily related to lack of a TOC visit (cUTI) or
indeterminate response at TOC (cIAl).

Table 63: Analysis Populations in the Phase 3 cUTI and cIAI Studies by Indication
and Treatment Arm

Phase 3 ¢UTI Phase 3 cIAI
Ceftolozane!

Ceftolozane/ Tazobactam +

Tazebactam Levefloxacin | Metronidazole Meropenem
Populations for Analvsis n (%) n (%) n (%) n (%)
Number of Subjects Randomized 343 (100) 340 (100) 487 (100) 506 (100)
Subjects in Safety Population 533 (082 335 (991 482 (0907 407 (98 2
Subjects m mMITT/MITT PDpLﬂat'lG]lb 308 (733) 402 (74.4) B0 (790} 417(82.4)
Subjects in ME Population 341 (62.8) 353 (65.4) 275 (56.3) 321(63.4)
clAT=complicated intraabdonunal infection; cUTI=complicated winary tract infection; ME=microbiologically evaluable;

MITT=microbiclogical intent-to-treat; mMIT T=microbiological modified intent-to-treat

* Ope subject in each indication was randomized to ceftolozane ‘tazobactam but received comparator drug. These subjects are

_ included m the ceftolozanefazobactam arm for efficacy analyses and m the comparator zim for safety analyses.

* Primary analysis pepulations for efficacy analyses in the ¢UTT and <IAT studies, respectively; see Table 4.

Source: M5.3.5.1\cUTTICHA-cUTI-10-04 and -05\Tzble 14.1.1.1 and M5 3.5 1\cIATCXA-cTAT-10-08 and -09Table 14.1.1.2.3
The demographic and baseline characteristics were comparable across study populations,
including the intent-to-treat population, and between treatment arms in both the cUTI and
clAl indications. Mean age was 48 to 50 years old across treatment arms and indications;
a broad age range was evaluated across the studies (18 to 92 years old). In both
indications, about 25% of the subjects were 65 years of age or older. The majority of
subjects (75%) enrolled in the cUTI study were female and most subjects (58%) in the
clAl study were male.

The majority of subjects (>70%) in both the cUTI and cIAI indications were enrolled in
Eastern Europe. Subjects from North America comprised 3% of the mMITT population
in the cUTI study and 6% of the MITT population in the cIAI study. Enrollment was low
in the United States likely due to the IV only nature of the study and the requirement that
subjects remain hospitalized for the entire duration of IV study therapy if a site did not
have outpatient parenteral antibiotic therapy capabilities. Despite the relative high

104

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

enrollment of subjects outside the United States, the spectrum of diagnoses, bacteriology,
and the surgical procedures performed (in cIAl) in these studies were representative of
the epidemiology and standard-of-care in the United States [Bouchillon, 2012; Mazuski,
2009; Hoban, 2007; Foxman, 2013]. Baseline disease characteristics were also
comparable between the ceftolozane-tazobactam and comparator arms in both the cUTI
and cIAl indications.

Reviewer’s Comment

Despite the relative high enrollment of subjects outside the United States, the spectrum of
diagnoses, bacteriology, and the surgical procedures performed (in cIAl) in these studies
were representative of the epidemiology and standard-of-care in the United States. The
criteria for qualifying culture for the cUTI study is described below:

Complicated Urinary Tract Infection Studies (cUTI) Studies (CXA-cUTI-10-04 and
CXA-cUTI-10-05)

In Study CXA-cUTI-10-04 and -05, adult subjects with clinical signs and/or symptoms of
cUTI with pyuria were randomly assigned (1:1 ratio) to receive ceftolozane-tazobactam
or levofloxacin administered as IV infusions for 7 days, stratified by investigational site.
Baseline urine cultures were mandatory to establish the diagnosis. Blood samples for
culture were drawn in subjects with pyelonephritis or suspected bacteremia and in
subjects with an indwelling catheter. Specific eligibility requirements ensured enrollment
was limited to seriously ill subjects requiring inpatient [V antibiotic therapy for the entire
duration of treatment.

The primary efficacy endpoint in cUTI was the composite microbiological eradication
and clinical cure rate in the mMITT population at the TOC visit 7 (+ 2) days after the last
treatment.For the primary efficacy endpoints in each indication, missing data were
handled using a treatment failure approach for the MITT/mMITT populations and with a
data-as-observed approach for the ME population. In the treatment failure approach,
subjects with a missing (including indeterminate) efficacy endpoint were categorized as
treatment failures.

The following information was described by the Applicant in Protocol CXA-cUTI-10-04:
A study-qualifying pretreatment baseline urine culture must grow at least 1 and not more
than 2 bacterial isolates at > 10° CFU/mL each. If more than 2 bacterial isolates are
identified, the culture will be considered contaminated regardless of colony count unless
1 of the isolates that grows in the urine at > 10° CFU/mL is also isolated from a blood
culture obtained at the same visit. Coagulase-negative Staphylococci and non-Group D
Streptococci will not be considered causative pathogens of cUTI in this study.
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Catheterized Subjects Only

Eligible subjects who are catheterized at study entry are required to have pretreatment
baseline blood culture specimens (1 aerobic bottle from 2 separate sites for a total of

2 aerobic bottles) obtained at the same time as the baseline urine culture specimen. A
catheter is defined as any tube, stent, or foreign body conduit that extends from inside
anywhere within the urogenital system to the outside of the body.

If a catheterized subject’s urine culture grows more than 1 organism at any colony count,
the urine culture will be considered contaminated regardless of the colony count unless 1
of the isolates that grows in the urine at > 10° CFU/mL is also isolated from a blood
culture obtained at the same visit.

Requalification for Study Entry

Subjects who have been screened but have not been previously randomized to this study
may be rescreened for participation if their eligibility characteristics have changed and (a)
they have not received any antibacterial therapy for the current cUTI or (b) their previous
cUTTI has been successfully treated and they present with signs and symptoms of a new
cUTI. Subjects may not be randomized to this study more than once. Subjects who have
participated in any previous study of ceftolozane or ceftolozane-tazobactam may not be
randomized to this study.

Microbiological outcome categories as described by the Applicant are as follows:

Outcome Defimition

Eradication A urine culture at the TOC wisit shows all L:mPathogms found at
baseline at = 10° CFU/mL are reduced to < 10" CFU/mL

Persistence A urnine culture, taken any time after the completion of therapy,
grows = 10* CFU/mL of the uropathogen found at baseline

Indeternunate No unne culture available

Microbiological outcome categories at Late Follow-up Visit were described by the
Applicant as follows:

i o T

Qutcome Defiution

Sustamed Eradication | A unne culture obtamned withm the 28- to 35-day post-therapy
window shows all uropathogens found at bascline at
> 10° CFU/mL remain < 10° CFU/mL

Persistence A urine culture, taken any time after the completion of therapy,
grows > 10° CFU/mL of the uropathogen found at baseline. The
outcomes for pathogens that persisted at the TOC wvisit are
camed forward to the LFU wisat.

Recurrence A unne culture taken any tume after documented eradication at
the TOC wisut, up to and mcluding the LFU wisit, grows
> 10° CFU/mL of the uropathogen found at baseline

Indeternunate No urine culture available at the LFU wvisnt
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Reviewer’s Comment
The definition of persistence different in the two tables above. This is likely because the
definition of eradication is also different.

Complicated Intra-abdominal Infections (cIAI) Studies (CXA-cIAI-10-08 and CXA-
cIAI-10-09)

In Study CXA-cIAI-10-08 and -09, adult subjects with cIAI with evidence of
intraperitoneal infection who required surgical intervention (e.g., laparotomy,
laparoscopic surgery, or percutaneous drainage of an abscess) within 24 hours of the first
dose of study drug were randomly assigned (1:1 ratio) to receive ceftolozane-tazobactam
plus metronidazole or meropenem plus placebo administered as IV infusions for 4 to 10
days (or up to 14 days for subjects with a slow rate of clinical response), stratified by
investigational site and primary site of infection. Intra-abdominal specimens were
collected for culture of both aerobes and anaerobes at the time of the initial interventional
procedure. Blood samples for culture were drawn in subjects with hospital-acquired
infections, those who had failed prior antibacterial therapy, or those who had signs of
severe sepsis.

In the cIAl indication, the primary efficacy endpoint was the clinical cure rate in the
MITT population at the TOC visit 24 to 32 days after the initiation of study drug.
Noninferiority was concluded if the lower bound of the 95% CI was greater than -10%.

Baseline Infecting Pathogens and Susceptibility
Table 64: Baseline Disease Characteristics in the Pooled Phase 3 cIAI study by
Treatment Arm (MITT Population)

Ceftolozane/Tazobactam
+ Metronidazole Meropenem
(N=359) N=41T)

Disease Characteristic n (%) n (%)
Primary Site of Infection

Bowel (small or large) T7(19.8) B0(15.2)

Other Site of ¢c[AT 312(80.2) 337 (80.8)
Diagnosis

Appendiceal perforation or periappendiceal abscess 173 (45.0) 203 (48.7)

Cholecystitis” 72 (18.5) 69 (16.3)

Diverticular disease with perforation or abscess 29 (7.5 36(8.6)

Acute gastric or duodenal perforation 38(98) 33079

Traumatic perforation of the intestine 5(1.3) 7(1.T)

Other Peritonitis® 41(10.5) 33(79)

Other Intra-abdominal abscess (including liver/spleen) 20(7.5) 36 (B.6)
Other Disease Charactenistics

APACHED =10 78 (20.1) 70(16.8)

Presence of Diffuse Pertonitis 139 (41.2) 137 (40.3)

Localized Complicated Appendicitis 113 (29.6) 142 34.1)

Etiology: Spontaneous Rupture 2T LY 302 (72.49)

clAT=romplicated intra-abdommal infection; MITT=microbiclogical intent-to-treat

* Compn=ing gangrenous cholecystiis, with mipture, perforation, or progression of the infection bevond the zallbladder wall
* Due to other perforated viscus or following a prior operative procedure.

Sowrce: M3.3.5.1'cIATCHA<IAT-10-08 and -09'Table 14.1.2.2.]1 and Tabls 14.1.26.1
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The incidence and distribution of urinary tract and intra-abdominal baseline infecting
pathogens, were similar between treatment arms in the cUTI and cIAl indications,
respectively (see tables below) and consistent with results in prior pivotal trials in the
indications, with the exception that a higher percentage of subjects had infections
involving ESBL-producing or levofloxacin-resistant pathogens [Mazuski, 2009; Naber,
2009; Babinchak, 2005].

As expected, Enterobacteriaceae were the most common pathogens isolated in both
indications, with E. coli being the most common pathogen overall, followed by K.
pneumoniae and P. aeruginosa (CXA-cUTI-10-04 and -05, CXA-cIAI-10-08 and -09). In
cIAl, the most common gram-negative anaerobes were B. fragilis, B. ovatus, and B.
thetaiotaomicron. In addition, Streptococcus spp. were isolated in approximately 28% of
subjects with clAl, with S. anginosus and S. constellatus being the most common species
(CXA-cIAI-10-08 and -09). As expected, most cIAls (68%) were polymicrobial.

In the cUTI study, 97% of all gram-negative pathogens isolated at baseline (with MIC
information available) were susceptible to ceftolozane-tazobactam (defined as MIC <8
mcg/mL); this is in contrast to levofloxacin where only 72% of gram-negative pathogens
isolated at baseline were susceptible (CXA-cUTI-10-04 and -05). Of note, >99% of all E.
coli isolates were susceptible to ceftolozane-tazobactam (MIC50 and MIC90 of 0.25 and
0.5 mcg/mL, respectively). Almost 15% of subjects in the mMITT population had ESBL-
producing Enterobacteriaceae by phenotypic criteria (CXA-cUTI-10-04 and -05).
Approximately 80% of these isolates exhibited levofloxacin resistance. Among ESBL-
producing E. coli and K. pneumoniae, 100% and 80%, respectively, were susceptible to
ceftolozane-tazobactam (CXA-cUTI-10-04 and -05).

In the cIAI study, 96% and 98% of all gram-negative aerobes isolated at baseline were
susceptible to ceftolozane-tazobactam and meropenem, respectively (CXA-cIAI- 10-08
and -09), including 97% and 75% of ESBL-producing E. coli and K. pneumoniae,
respectively (CXA-cIAI-10-08 and -09). For both ceftolozane-tazobactam and
meropenem, the rates of susceptibility in streptococci were >90%. The majority of B.
fragilis (96%) were susceptible to ceftolozane-tazobactam at baseline.

Reviewer’s Comment

Ceftolozane-tazobactam had limited activity against gram-negative anaerobes, however,
according to surveillance data, metronidazole was expected to have activity against most
of these pathogens [Citron, 2012; Lofmark, 2010], and susceptibility was not specifically
evaluated in the cIAl study. Ninety-eight percent of gram-negative anaerobes were
susceptible to meropenem. Among subjects with bacteremia at baseline, the most
common pathogen isolated from the blood in both indications was E. coli.
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Primary and Key Secondary Efficacy Endpoints

Ceftolozane-tazobactam was effective in the treatment of subjects with cUTI, and, in
combination with metronidazole, was effective in the treatment of subjects with cIAl.
The Phase 3 studies in both indications met their primary efficacy endpoints: the
ceftolozane-tazobactam arm demonstrated noninferiority to the comparator arm in
treatment response. In the cUTI indication, ceftolozane-tazobactam achieved high
composite microbiological and clinical cure rates at the TOC visit in the primary
(mMITT) and key secondary (ME) efficacy populations (see table below). For both
populations, the lower bound of the 95% CI around the treatment difference, ceftolozane-
tazobactam minus levofloxacin, was greater than -10%, indicating noninferiority.
Notably, the 2-sided 95% CI around the treatment differences excluded zero in both
primary and key secondary analysis populations indicating superiority over levofloxacin.
This conclusion was retained even with a 99% CI, a requirement for demonstration of
superiority in a single study, confirming the robustness of the results in the cUTI study.

Table 65: cUTI Indication: Primary and Key Secondary Efficacy Endpoints:
Summary and Analysis of Composite By-Subject Microbiological and Clinical
Response at TOC by Population

Ceftolozane! % Difference in
Analvsis Population Tazobactam Levofloxacin Success Rate
Composite Response n (%) n (%) (95% CT) (99% CT)*
Primary Analysis:2*
mMITT Population N=388 N=d)2
Success 306 (76.9) 275 (68.4) 8.5(231,14.57T) (0.36, 16.46)
Failure 66 (16.6) 103 (25.6)
Indeterminate? 26 (6.5) M4 6.0
Secondary Analysis: ™
ME Population N=341 N=333
Success 284 (83.3) 266 (75.4) 8.0(195,13.97) (0.01, 15.84)
Failure 37(16.7) 87 (24.6)

CI=confidence interval (based on stratified Mewcombe); ME=microbiclogically evaluable; mMITT= microbiological modifiad
Intent-to-Treat; TOC=test-of-cure.

* 29% (I for determmation of supenonty from a single study.

® The analysis is stratified by region.

* Treatment Failure approach, mdeteromnate 15 classified as failure,

4 Indeterminate responses included missing outcome assessments and those that conld not be classified as cure or failure.

® Datz-as-Observed approach, indeterminate 1= excluded from analy=is.

Source: M5.3.5. 1\ eUTTCHA-UTI-10-04 and -05'Table 1422 Table 14.2 23 and Table 142 5

In the cIAl indication, both ceftolozane-tazobactam plus metronidazole and meropenem
achieved high clinical cure rates at the TOC visit in both the primary (MITT) and key
secondary (ME) populations (see table below). For both populations, the lower bound of
the 95% CI around the treatment difference, ceftolozane-tazobactam plus metronidazole
minus meropenem, was greater than -10%, indicating noninferiority of ceftolozane-
tazobactam plus metronidazole to meropenem. Of note, failure rates were identical in the
2 treatment arms in the MITT population (8.2%) and were similar in the ME population
(5.8% and 5.3%).
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Table 66: cIAI Indication: Primary and Key Secondary Efficacy Endpoints:
Summary and Analysis of By-Subject Clinical Response at TOC by Population

Percentage
Ceftolozane/Tazobactam Difference in
Analyvsis Population + Metronidazole Meropenem Success Rate
Clinical Response n (%) n (%) (95% CI)
Primary Analysis: MITT Population™ N=389 N={17
Cure 323 (83.00 364 (87.3) -4.2(-891.054)
Failure 32(82) 34(8.2)
Indeterminate® 34(87) 19 (4.6)
Secondary Analysis: ME Population™ N=273 N=321
Cure 250(94.2) 304 (94.7) -1.0(-4.52,2.50)
Failure 16 (3.8) 17(5.3)

CI=confidence interval (based on strafified Newcombe with Mininmm Fisk weights); ME=microbiologically evaluable; MITT=
macrobiological intent-to-treat.

* The analysis is stratified by region and primary site of infection as recorded on the electrome case report form.

" Treatment Failwre Approach, mdetermmnate 15 classified as failure.

“ Indetermunate responses mncluded missing outcome assessments and those that could not be classified as cure or farlure.

4 Data-as-Observed, indetermunate 15 excluded from anakysis.

Source: M33.5 DelATVCHA-cTAT-10-08 and 09 Table 14.2.2.1.1
Other Secondary Endpoints and Additional Analyses
In both indications, the analyses of additional efficacy endpoints were consistent with the
primary analysis indicating the robustness of the results. In cUTI, rates of clinical success
and microbiological success were high at the EOT and TOC visits in both treatment arms.
Notably, ceftolozane-tazobactam was superior to levofloxacin in microbiological success

at both EOT (95% versus 85%) and TOC (80% versus 72%).

Reviewers’ Comments
Microbiological eradication rates were lower than clinical success rates at TOC. This
difference represented cases of asymptomatic bacteriuria

Outcome assessments at the LFU visit in the cUTI indication showed high sustained
clinical cure rates (>95%) in both treatment arms, illustrating the durability of the
treatment effect. In cIAl, clinical cure rates at EOT and microbiological success at TOC
were consistent with the primary analyses. Clinical cure at the EOT visit was noted in
89% and 92% of subjects in the ceftolozane-tazobactam plus metronidazole and
meropenem treatment arms, respectively. At the TOC visit, microbiological success was
observed in 85% and 89% of subjects in the ceftolozane-tazobactam plus metronidazole
and meropenem treatment arms, respectively. All subjects in the ceftolozane-tazobactam
plus metronidazole treatment arm who were clinical cures at the TOC visit and had an
LFU assessment were sustained clinical cures at the LFU visit, illustrating the durability
of the treatment effect. Similarly, a high percentage of subjects in the meropenem arm
were sustained clinical cures at LFU.
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Reviewer’s Comment

Microbiological responses in clAl closely matched clinical responses because most
microbiological eradications are presumed from the clinical response, given the absence
of specimens to culture.

Response by Baseline Infecting Pathogen

In both indications, efficacy was demonstrated against common pathogens in both
treatment arms. The tables below provide summaries of the microbiological and clinical
response at the TOC visit by baseline infecting pathogen in the ME population for the
cUTI and cIAI indications, respectively. In the cUTI indication, ceftolozane-tazobactam
was superior to levofloxacin in terms of microbiological eradication rates against the
most common uropathogen, E. coli.

Ceftolozane-tazobactam also showed activity (per pathogen eradication rates) against K.
pneumoniae, P. mirabilis, and P. aeruginosa, comparing favorably with levofloxacin.
Ceftolozane-tazobactam had higher microbiological eradication rates against
characterized ESBL-positive uropathogens compared with levofloxacin, including E. coli
and K. pneumoniae producing CTX-M-14 or CTX-M-15, the most common ESBLs
identified in this study. Ceftolozane-tazobactam achieved superior microbiological
eradication rates in the ME population compared with levofloxacin against levofloxacin-
resistant E. coli (eradication rates of 73% for ceftolozane-tazobactam and 44% for
levofloxacin) and also compared favorably against levofloxacin-resistant K. pneumoniae
(82% versus 30%) and P. aeruginosa (100% versus 38%).

Table 67: cUTI Indication: Per Pathogen Microbiologic Eradication Rates in the
ME Population at the TOC Visit

Ceftolozane Tazobactam Levofloxacin
Organism Group (N=341) (N=353)
Pathogen n/IN1* (%0) wN1* (%0)
Aerobic Gram-Negative 287/323 (88.9) 263340 (77.4)
Escherichia coli 2377262 (90.3) 226/284 (79.6)
Escherichia coli (ESBL producers) 2IB6(75.0) 18/36 (30.0)
Escherichia coli (CTX-M-14/15 pm-ducen)-” 20270714.1) 13725 (32.0)
Klebsiella pneumoniae 21725 (84.0) 14423 (60.9)
Klebsiella pneumoniae (ESBL producers) 707000 27 (28.6)
Elebsiella pneumoniae (CTX-M-13 pmducer;)'” 38 (62.5) 1/4 (25.00)
Proteus mirabilis 10/10 (100) 811727
Pseudomonas aeruginosa 67 (85.7) 712383

ESBL=extended spectrum B-lactamase
* p=Number of subjects with pathopens eradicated or presumed eradicated; M1=MNumber of ubjects with the specified basaline

~ pathogen or group.
* CTH-M-14/15 includes CT2-M-14, CTH-M-15, and CTH-M-15-hke enzymes. CTH-M-15 mchdes CTH-M-15 and CTZ-M-

13-hke enzymes.
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The Analysis populations described in the submission by the Applicant, for the cIAl
study, were as follows:

Intent-to-Treat (ITT): The ITT population consisted of all randomized subjects
regardless of whether or not the subjects went on to receive study drug. Subjects in the
ITT population were categorized based on the treatment that the subjects were
randomized to, irrespective of what they actually received.

Microbiological Intent-to-treat (MITT): The MITT population consisted of all
randomized subjects who had IAI as evidenced by identification of at least 1 baseline
intra-abdominal pathogen identified, regardless of susceptibility to study drug.
Clinically Evaluable (CE): The CE population was a subset of the ITT population of
subjects who received an adequate amount of study drug, met the protocol-specific
disease definition of cIAl, adhered to study procedures, and had a TOC visit within the
specified visit window.

Microbiologically Evaluable (ME): The ME population was the subset of the CE
subjects who had at least 1 baseline infecting intra-abdominal pathogen identified that
was susceptible to study drug.

Expanded Microbiologically Evaluable (ME): The expanded ME consisted of all
subjects in the MITT population who met all CE population criteria.

Safety: The safety population included all subjects who received any amount of study
drug. Subjects in the Safety population were categorized based on the actual treatment
that the subjects received, irrespective of the treatment to which they were randomized.

The analysis populations described by the Applicant, for the cUTI study, were as follows:
Intent-to-Treat (ITT): All randomized subjects regardless of whether or not the subjects
went on to receive study drug.

Modified Intent-to-Treat (MITT): All randomized subjects who received any amount
of study drug.

Microbiological Modified Intent-to-Treat (mMITT): A subset of the MITT that
included subjects who had at least 1 qualified uropathogen from a study-qualifying
pretreatment baseline urine specimen.

Clinically Evaluable at Test-of-Cure (CE at TOC): A subset of the mMITT population
who adhered to study procedures and had a TOC visit within the specified visit window.
All subjects in the CE at TOC population had to have an evaluable clinical outcome.
Microbiologically Evaluable at Test-of-Cure (ME at TOC): A subset of the CE at
TOC population who adhered to study procedures and had an appropriately collected
urine culture specimen and interpretable urine culture result at the TOC visit.

Clinically Evaluable at Late Follow-Up (CE at LFU): A subset of the CE at TOC
population and included all subjects who were clinical cures at the TOC visit, and had an
LFU assessment, 28 to 35 days (expanded to 21 to 42 days) after the last dose of study
medication, (or were classified as a clinical failure after the TOC visit but prior to the
LFU visit).

Microbiologically Evaluable at Late Follow-Up (ME at LFU): A subset of the ME at
TOC population and included all subjects who were microbiological successes at the
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TOC visit, and had an LFU assessment 28 to 35 days (expanded to 21 to 42 days) after
the last dose of study medication, (or were classified as a microbiological failure after the
TOC visit but prior to the LFU visit).

Safety: All subjects who received any amount of the study drug. Subjects in the Safety
population were categorized based on the actual treatment that the subjects received,
irrespective of the treatment to which they were randomized.

Table 68: Per-Pathogen Microbiologic Eradication Rates (Outcomes) at the TOC
Visit (ME at TOC Population)

Baseline Pathogen Category Ceftolozane/
Organism Group Tazobactam Levofloxacin
Pathogen (N=341) (N=353) % Difference
Response n (%) n (%) (95% CT)
Gram-Negative Aerobes
Gram-Negative Aerobes N1=323 N1=340
Eradication 287(88.9) 263 (774) 11.5(5.82,17.10)
Persistence 36(11.1) 77 (22.6)
Enterobacteriaceae N1=316 N1=327
Eradication 281(88.9) 255(78.0) 10,9 (5.22, 16.61)*
Persistence 35(11.1) 72 (22.00
Escherichia coli N1=262 N1=284
Eradication 237(90.3) 226 (79.6) 10.9 (4.91,16.77)
Persistence 25(9.5) 58 (204)
Escherichia coli (ESBL Producers) N1=36 N1=36
Eradication 27(75.0) 18 (50.0) Not available
Persistence 9(25.0) 18 (50.0)
Escherichia coli (CTX-M-14/15 N1=27 Ni=25
Producers)”
Eradication 20(74.1) 13 (52.0) Not available
Persistence 7(25.9) 12 (48.0)
Klebsiella pneumoniae N1=25 N1=23
Eradication 21(34.0) 14 (60.9) 23.1(-2.09.45.39)
Persistence 4(16.0) 9(30.1)
Klebsielia pneurnoniae (ESBL Producers) N1=10 N1=7
Eradication 7(70.0) 2(28.6) Not available
Persistence 3(30.09 5714
Klebsiella pneumoniae (CTX-M-14/15 NI1=8 Ni1=4
Producers)”
Eradication 5(62.5) 1(25.0) Not available
Persistence 3(37.5) 3(75.00
Proteus mirabilis N1=10 Nl=11
Eradication 10 (100) 8 (727 27.3 (-5.55. 56.56)
Persistence 0 3(273)
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Baseline Pathogen Category Ceftolozane/
Organism Group Tazobactam Levofloxacin
Pathogen (N=341) (N=353) % Difference

Response n (%) n (%) (95% CI)

Pseudomonas aeruginosa N1=7 N1=12
Eradication 6(85.7) 7(58.3) 274 (-15.86. 56.25)
Persistence 1(143) 5(41.7)

Enterobacter cloacae N1=6 N1=7
Eradication 2(33.3) 6 (85.7) -52.4 (-78.78. -0.27)
Persistence 4 (66.7) 1(14.3)

Gram-Positive Aerobes
Gram-Posifive Aerobes N1=21 N1=20

Eradication 8 (38.1) 16 (80.0) -41.9 (-62.96. -11.76)
Persistence 13 (61.9) 4(20.0)

Enterococcus faecalis Nl=16 N1=16
Eradication 5(31.3) 12 (75.0) -43.8 (-66.37. -9.21)
Persistence 11 (68.8) 4 (25.0)

Enterococcus faecium Ni=2 N1=3

Eradication 1 (50.0) 3 (100) -50.0 (-90.55, 19.26)
Persistence 1(50.0) 0

CI= Confidence interval (based on Wilson score); ESBL = Extended spectrum p-lactamase; ME = Microbiologically evaluable;
TOC = Test-of-cure.

* Ceftolozane/tazobactam was superior to levofloxacin based om a 99% CT (M3.3.5 1'cUTICXA-cUTI-10-04 and -05\Table
14.2.12 2a).

® CTX is a subset among all ESBL producers (M5.3.5.1'cUTICXA-cUTI-10-04 and -05'Table 14.2.28.2).

Notes: ni=Number of subjects in specific category; N=Number of subjects in population; N1=Number of subjects with baseline
pathogen category/pathogen or N1=Number of subjects with the specified ESBL status for the specified pathogen. Percentages
are calculated as 100 x (n/N1).
Subjects are counted in the worst response category within baseline pathogen category and organism group.
Eradication and presumed eradication count as eradication
All ESBL producer includes any enzyme. All CTXM14-15 includes CTX-M-14, CTX-M-15, CTX-M-15-like.
All CTXM14-15 is a subgroup of all ESBL producers. No ESBL = All negative ESBL.

Source: M5.3.5. 1'cUTT\CXA-cUTI-10-04 and -05'Table 14.2.12 2 and Table 142282,

In the cIAl indication, ceftolozane-tazobactam plus metronidazole demonstrated high
clinical cure rates against common intra-abdominal pathogens, including E. coli, K.
pneumoniae, P. aeruginosa, E. cloacae, K. oxytoca, B. fragilis, B. ovatus, B.
thetaiotaomicron, B. vulgatus, S. anginosus, S. constellatus, and S. salivarius (see table
below). Among gram-negative aerobes, clinical cure rates for E. coli were 95% and 94%
in the ceftolozane-tazobactam plus metronidazole and meropenem arms, respectively, for
K. pneumoniae, 93% and 88%, respectively, and for P. aeruginosa, 100% and 93%,
respectively. Ceftolozane-tazobactam plus metronidazole had similar clinical cure rates to
meropenem against characterized ESBL-positive intra-abdominal pathogens, including E.
coli and K. pneumoniae producing CTX-M-14 or CTX-M-15.
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Table 69: cIAI Indication: Per Pathogen Clinical Cure Rates in the Expanded ME
Population at the TOC Visit

Ceftolozane/Tazobactam +
Metronidazole Meropenem
Organism Group (N=30T) (N=345)
Pathogen n/N1* (%) wN1* (%)
Gram-negative Aetobes 2387252 (94.4) 273291 (93.8)
Escherichia coli 1977208 (94.7) 216231 (93.5)
Escherichia coli (ESBL-producing) 14/14 (100) 1820 (20.0)
Escherichia coli (CTX-M-14/15) 9/9 (100) 19 (77.8)
Elebsiella pneumoniae 2830 (93.3) 22125 (88.0)
Klebsiella pneumoniae (ESBL-producing) T8(87.5) 34{75.0)
Klebsiella pneumoniae (CTH-M-15)° 35 (100) 01 (0
Pseudomonas aeruginosa 2626 (100) 27729 (93.1)
Enterobacter cloacae 19/22 (86 4) 2222 (100)
Elebsiella oxytoca 1212 (100) 21722 (95.5)
Gram-positive Aerobes 153/168 (91.1) 170/185 (91 .9)
Streptococcus anginosus 2530 (83.3) 2323 (100)
Streptococcus constellatus 17/18 (94 4) 2023 (87.0)
Streptococcus salivarius 910 (90.00 8/8 (100)
Gram-negative Anaerobes 1047109 (95 4) 132/137 (96 .4)
Bacteroides fragilis 39/41(95.1) 56/37 (98.2)
Bacteroides ovatus 36/37 (97.3) 42442 (100)
Bacteroides thetaiotaomicron 2020 (100) 40743 (93.0)
Bacteroides vulgatus 12/13 (92 3) 21122 (95.5)

clAl=complicated intra-abdommal imfechion; ESBL=extended spectrum f-lactamase; ME=mcrobiologically evaluable
Mote: Expanded ME population mecludes all subjects i the MITT populaton who met all clinically evaluable criterna,

irrespective of baseline pathogen susceptibility to study dugs.

* n=Number of subjects with pathogens eradicated or presumed eradicated; N=number of subjects i the expanded ME
population; Nl=Number of subjects with specified baseline pathopen or group.

* CTH-M-14/15 includes CTX-M-14, CTH-M-15, and CTH-M-15-like enzymes CTH-M-15 inchides CTH-M-15 and CTH-M-

15-like enzymes.
Source: M5.3.5.3\I5M\Table 9.3.1

An integrated analysis of clinical cure rates by pathogen across the Phase 3 studies for E.
coli and K. pneumoniae, as well as the ESBL-producing isolates is provided in the table
below. Across the Phase 3 studies, clinical cure rates for ESBL-producing E. coli and K.
pneumoniae were 98% and 94%, respectively, for ceftolozane-tazobactam and 88% and
73%, respectively, for the combined comparators. Clinical cure rates for P. aeruginosa in
the integrated analysis were 100% (33 of 33 isolates) for ceftolozane-tazobactam and
93% (38 of 41) for the combined comparators.
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Table: 70: Clinical Cure Rates for ESBL-Producing Pathogens in the Phase 3
Clinical Trials (ME Population)

CeftolozaneTazobactam All Comparators
(N=648) (N=628)
Pathogen n/IN1* (%0) nN1* (%4)
Escherichia coli 452/470 (96.2) 483/515 (93.8)
Escherichia coli (ESBL-producing) 49/50 (98.0) 48/56 (87.5)
Escherichia coli (CTX-M-14/15)° 35/36 (97.2) 2834 (22.4)
Elebsiella pneumoniae 1550921 41/48 (85.4)
Klebsiella pneumoniae (ESBL-producing) 17/18 (94 4) 8172
KElebsiella pneumoniae (CTX-M-15)° 13/13 (100} 25 (40.00

ESBL=extended spectum f-lactamase; ME=microbiclogically evaluable

* p=Mumber of subjects with pathogens erzdicated or presumed sradicated; N=mumber of subjects in the ME population;
Nl=NMumber of subjects with specific baseline pathogen or group.

* CTH-M-14/15 includes CTH-M-14, CTX-M-13, and CTH-M-15-like enrymes. CTX-M-15 inchides CTH-M-15 and CTH-M-
15-like enzymes.

Source: M3 3.53I5MTabla 3.1

Emergent Infections

The occurrence of emergent infections was uncommon in both indications. The incidence
of emergent infections in subjects with cUTI was comparable in the 2 treatment arms.
Overall, superinfections were recorded in only 3.5% in the ceftolozane-tazobactam arm
and 5.2% in the levofloxacin arm. In the context of cUTI, where subjects frequently have
risk factors predisposing to recurrent infections, the incidence of new infections was low;
9.0% and 6.7% of subjects in the ceftolozane-tazobactam and levofloxacin arms,
respectively.

Similarly, in the cIAl indication, superinfections and new infections were uncommon in
each treatment arm and largely comprised organisms intrinsically resistant to ceftolozane-
tazobactam (Enterococcus spp.). In the MITT population, superinfections were detected
in 2.6% and 3.1% of subjects in the ceftolozane-tazobactam plus metronidazole versus
meropenem arms, respectively. Likewise, new infections developed in only 3.1% and
2.2% of subjects in the ceftolozane-tazobactam plus metronidazole versus meropenem
treatment arms, respectively.

In the cUTI study, emergence of decreased susceptibility and frank resistance to therapy
was rare in subjects who received ceftolozane-tazobactam, but was more common among
subjects who received levofloxacin.

Reviewer’s Comment

Two (0.5%) of the persisting pathogens included E. coli and P. aeruginosa. One isolate
of each pathogen developed resistance to ceftolozane-tazobactam among the 51
microbiological failures in the ceftolozane-tazobactam treatment arm. There was 1 E. coli
isolate (Subject ID: 1005-5309-008) that had an MIC value shift of 0.5 mcg/mL at
baseline to a MIC of 64 mcg/mL at TOC, and 1 P. aeruginosa isolate (Subject ID: 1005-
5104-015) that had an MIC value shift from 16 mcg/mL to >64 mcg/mL. Levofloxacin-
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resistance on therapy developed in 16 (4.0%) of the levofloxacin-treated subjects, and
included 15 E. coli isolates and one Enterococcus faecalis.

In the cIAl indication, emergence of decreased susceptibility or resistance to the study
drugs was not detected in either treatment arm.

Sensitivity Analyses

In the cUTI study, several pre-planned sensitivity analyses for the primary endpoint were
performed in the mMITT and ME populations controlling for: protocol and region,
baseline diagnosis, and region alone. Sensitivity analyses between ceftolozane-
tazobactam and levofloxacin were consistent with the primary and key secondary
efficacy outcomes, indicating the robustness of the key efficacy findings. Similarly in the
clAl study, several pre-planned sensitivity analyses were performed on the MITT and
ME populations; these included an analysis using a data-as-observed approach and an
unistratified analysis. In all analyses, the results were consistent with the primary and key
secondary analyses, indicating the robustness of the key efficacy findings.

Efficacy Results in Subgroups

The composite response rate in the ceftolozane-tazobactam arm compared favorably with
levofloxacin in all high-risk subgroups, including subjects with complicated lower
urinary tract infection (cLUTTI), renal impairment, bacteremia at baseline, levofloxacin-
resistant uropathogens, and the elderly, and in some cases showed superiority. Further,
ceftolozane-tazobactam was efficacious in the treatment of cUTI across geographic
regions with results generally consistent with the primary outcome and comparing
favorably with levofloxacin. Composite outcomes favored levofloxacin slightly in North
American subjects; however, results were interpreted with caution given the wide 95% CI
around the treatment difference.
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Figure 13: cUTI Indication: Differences (95% CI) Between Treatment Arms in
Composite By-Subject Microbiological and Clinical Response Rates at TOC in the
mMITT and ME Populations Overall and in Key Subgroup in the mMITT

Population
Overall Analysis
mMITT Population —ea—
ME Population —e—

Subgroup analysis in mMITT

Bascline Diagnosis

cLUTI I & i
Pyelonephritis H——
Baseline Creatinine Clearance
=50mL/min l o l
==80mL/min —&—
Bacteremia
Yes I & I
No —o—
Levofloxacin Susceptibility
Resistant | ] i
Suspectible H—a—
Age group
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==03 years f & !
| | T 1
-40 B -20 0 20 _4“
Fay nr: Levofloxacin Favors {"eﬁnlnzane-'T;mlmemm

CI=confidence interval; cLUTI=complicated lower urinary tract mfection; cUTI=complicated urmary tract infection;
ME=microbiologically evaloable; mMITT=mcrobiclogical modified mtent-to-treat; TOC=test of cure

Notes: for the overall analysis 5% strabified Newcombe CI is presented; for the subgroup analysis, 95% Wilson score 15
presented. For mMITT population, a treatment failure approach was used where indeternmnate responses were imputed as
failure; for ME population a data-as-observed approach was used.

Source: M2.73 cUTTn-text Figure 3

Plots which showed differences in clinical cure rates in the cIAl indication were
presented. In the subgroups analyzed, results were generally consistent with the primary
and key secondary efficacy analyses, demonstrating the consistency and robustness of the
results. As expected, in both treatment arms, clinical cure rates were lower in high-risk
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subjects (e.g., the elderly, those with elevated baseline APACHE II scores, and those with
baseline renal impairment) and those with disease characteristics historically linked to
poorer outcomes (e.g., infections originating in the small or large bowel), while clinical
cure rates were marginally higher in subjects with infections originating in the appendix
compared with overall. In most subgroups, clinical responses were similar between the 2
treatment arms in the MITT and ME populations. However, in the MITT population,
differences (>10%) were observed in favor of meropenem in the elderly (age >65 years),
subjects with moderate renal impairment, subjects with an APACHE II score of >10, and
subjects with an infection originating in the colon.

The treatment difference by age was not consistent, as clinical cure rates in subjects >75
years of age were similar between the 2 treatment arms (70% versus 73% for ceftolozane-
tazobactam plus metronidazole versus meropenem, respectively) demonstrating lack of
trend by age. In addition, outcomes in the elderly favored ceftolozane-tazobactam in the
cUTI study. These findings suggest the poorer outcome in subjects specifically between
65 and 75 years in the cIAl indication may be a chance occurrence.

In cIAl, the numbers of subjects with a missing or indeterminate clinical response
assessment were disproportionately greater in subgroup analyses. The impact of this
imbalance can be appreciated by reviewing the same analyses in the ME population,
where the point estimates for the difference in clinical cure rates were closer to zero in all
of the subgroups. In the ME population, clinical cure rates were comparable across
treatment arms with efficacy rates of >80% in most subgroups. Thus, evidence regarding
decreased treatment effect in specific subgroups in the cIAl indication was not conclusive
or consistent with findings in cUTI. Overall clinical cure rates in the cIAl indication by
treatment arm were similar to those in the 2 highest enrolling regions, Eastern Europe and
South America. Clinical cure rates in other regions (North America, Rest of World, and
Western Europe) were lower compared with Eastern Europe and South America with
wider CIs due to the relatively smaller sample sizes.

119

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Figure 14: cIAI Indication: Summary of the Difference (95% CI) Between
Treatment Arms in Clinical Response Rates at TOC by Site of infection in the
MITT and ME Populations
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infection. For MITT population, a failure h was used where ind were i d as failure; for ME p a data ved approach
was used.

Source: M2.7.3 cIAT\In-text Figure 6 and Figure 7

Table 71: Summary and Analysis of Clinical Response at the Test-of-Cure Visit by
Study (MITT and ME Populations; Studies CXA-cIAI-10-08 and CXA-cIAI-10-09)

MITT ME
Cefrolozane/ Ceftolozane/
Tazobactam Tazobactam
Clinical + Metronidazole Meropenem % Difference” + Metronidazole Meropenem % Difference®
Protocol Response n (%) n (%) (95% CT) n (%) n (%)) (95% CI)
CXA-cIAT-10-08 N=198 N=213 N=150 N=167
Cure 170 (85.9) 188 (88.3) -24(-9.04.4.12) 142 (94.7) 158 (94.6) 0.1 (-5.40, 5.29)
Failure 15 (7.6) 16 (7.5) 8(53) 9(5.4)
Indeterminate 13 (6.6) 92(42) NA NA
CXA-cIAL-10-00 N=191 N=204 N=125 N=154
Cure 153 (80.1) 176 (86.3) -6.2 (-13.60, 1.22 117 (93.6) 146 (94.8) -1.2(-746. 4.45)
Failure 17(8.9) 18 (8.8) 8(6.4) 8(5.2)
Indeterminate 21(11.0) 10 (4.9) NA NA
ClI=confidence interval, ME=microbiologically evaluable, MITT=microbiological intent-to-treat; N=number of subjects in population: n=number of subjects in specific category:

NA=not applicable.

* The 95% CI of the difference of (ceftolozane/tazobactam plus metronidazole) - meropenem is calculated as 2 Wilson Score CT.
Source: MS5.3.5.1'cIANCXA-cTAT-10-08 and -09'Table 14.2.2.2.4 and Table 14.2.2.2.19

Comparison Between Phase 2 and Phase 3 Efficacy Results
Although not powered for efficacy, the results of the Phase 2 cUTI and cIAI studies
support the findings of the Phase 3 studies. Efficacy in the Phase 2 and Phase 3 cUTI
studies at the TOC visit in the mMITT population was similar, with clinical and
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microbiological cure rates of 90.8% and 83.1%, respectively, for ceftolozane, and 92.1%
and 76.3%, respectively, for the comparator, ceftazidime. Similarly, efficacy results for
ceftolozane-tazobactam plus metronidazole were similar in the Phase 2 and Phase 3 cIAI
studies with clinical cure rates at the TOC visit of 83.0% 1n Phase 2 and 83.6% in Phase
3. The observed response to meropenem at the TOC visit of the Phase 2 study was higher
than in the Phase 3 study (96.0% versus 87.0%, respectively).

Quality Conirol Analysis for Clinical Studies
Clinical Trial Quality Control

During the Phase 3 CXA-cUTI-10-04 and -05 and CXA-cIAI-10-08 and -09 studies, all
aerobic pathogens and the B. fragilis group anaerobic clinical 1solates were tested at a
central laboratory, ®D All other anaerobes
were tested at OO At ®® each
isolate was identified and susceptibility testing was done by broth microdilution
according to CLSI document M7-A9 [36].

Quality control testing was performed using the appropriate ATCC organism(s) on each
day that clinical isolates were tested. For MIC testing of all aerobic organisms, dried-
form reference panels prepared by @
were used. For the B. fragilis

group (B. caccae, B. cellulosilyticus, B. clarus, B. coprocola, B. coprophilus, B. dorei, B.
eggerthii, B. faecis, B. finegoldii, B. fluxus, B. fragilis, B. intestinalis, B. massiliensis, B.
nordii, B. oleiciplenus, B. ovatus, B. plebeius, B. salyersiae, B. stercoris, B.
thetaiotaomicron, B. uniformis, B. vulgatus, B. xylanisolvens) frozen panels prepared by

@ were utilized. For all other anaerobes, agar
dilution was performed at ®D according to CLSI document M11-A7. Disk
diffusion was used for all aerobic pathogens using a ceftolozane-tazobactam 30/10 mcg
disk produced by Mast Group Ltd (Bootle UK). Disk QC ranges for comparator
antibacterials were based on CLSI document M100-S22. All QC
1isolates were within the CLSI approved QC ranges for ceftolozane-tazobactam.

Reviewer’s Comment
All aerobic pathogens, the B. fragilis group, and anaerobic clinical isolates were tested at

a central laboratory, ®® All other anaerobes were tested at' ®®
®® The Applicant stated that methods by the Clinical and laboratory Standards
Institute (CLSI) were used at the ®@ and that each isolate was identified

and susceptibility testing was done.
Quality Control for Disk Diffusion Susceptibility Testing
A series of studies were performed to select the amounts of ceftolozane and tazobactam

for Kirby-Bauer disks, to correlate inhibition zones with MIC values, and to establish QC
ranges for the disk diffusion susceptibility test.
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Disk Diffusion Quality Control results
A study to establish the inhibition zone diameter QC ranges of ceftolozane-tazobactam 30
mcg/10 mcg Kirby-Bauer disks was conducted in 8 laboratories. Three different
commercial sources of agar media and 2 different manufacturers of susceptibility disks
were utilized, as prescribed by CLSI document M23-A3 [CLSI, 2008]. Inhibition zone
ranges were determined for CLSI reference strains using methodology according to CLSI
MO02-A10 [CLSI, 2009]. The approved QC limits included at least 98.5% of valid
inhibition zones for each reference strain and growth medium tested.

@@ the central microbiology laboratory for
CXAcUTI-10-04 and -05 and CXA-cIAI-10-08 and -09 studies, performed QC testing
concurrent with subject isolate testing. All QC testing data were within the approved QC
ranges for ceftolozane-tazobactam and levofloxacin. Out of 869 results, there was 1
meropenem result that was 1 mm below the CLSI approved QC ranges for meropenem;
all other data points were within QC.

E. coli ATCC 25922

The E. coli ATCC 25922 testing for ceftolozane-tazobactam has a proposed QC range of
24 to 32 mm. The QC zone diameters for ceftolozane-tazobactam at the central laboratory
(513 results) were 100% within this range. The modal ceftolozane-tazobactam zone size
is 27 mm. All results for QC testing, with all study antibacterials by disk diffusion, were
100% within the QC ranges for the respective antibacterials.

E. coli ATCC 35218

The E. coli ATCC 35218 testing for ceftolozane-tazobactam has a proposed QC range of
25 to 31 mm. The QC zone diameters for ceftolozane-tazobactam at the central laboratory
(513 results) were 100% within this range. The modal ceftolozane-tazobactam zone size
is 27 mm. All results for QC testing, with all study antibacterials by disk diffusion, were
100% within the QC ranges for the respective antibacterials.

P. aeruginosa ATCC 27853

The P. aeruginosa ATCC 27853 testing for ceftolozane-tazobactam has a proposed QC
range of 25 to 31 mm. The QC zone diameters for ceftolozane-tazobactam at the central
laboratory (513 results) were 100% within this range. The modal ceftolozane-tazobactam
zone size is 26 mm. All results for QC testing, with ceftolozane-tazobactam by disk
diffusion, were 100% within the QC ranges for the respective antibacterials. Out of 231
results, there was 1 meropenem result that was 1 mm below the CLSI approved QC
ranges for meropenem, all other data points were within QC.

S. pneumoniae ATCC 49619
The S. pneumoniae ATCC 49619 testing for ceftolozane-tazobactam has a proposed QC

range of 21 to 29 mm. The QC zone diameters for ceftolozane-tazobactam at the central
laboratory (181 results) were 100% within this range. The modal ceftolozane-tazobactam
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zone size is 22 mm. All results for QC testing, with all study antibacterials by disk
diffusion, were 100% within the QC ranges for the respective antibiotic.

S. aureus ATCC 25923

The S. aureus ATCC 25923 testing for ceftolozane-tazobactam has a proposed QC range
of 10 to 18 mm. The QC zone diameters for ceftolozane-tazobactam at the central
laboratory (512 results) were 100% within this range. The modal ceftolozane-tazobactam
zone size is 11 mm. All results for QC testing, with all study antibacterials by disk
diffusion, were 100% within the QC ranges for the respective antibacterials.

Overall, the modal QC results were generally left of the middle of the CLSI approved QC
range for each appropriate QC strains. These data will continue to be monitored to
determine if future changes in QC ranges are warranted.

Reviewer’s Comment

One hundred percent of the zone diameter QC results for ceftolozane-tazobactam and
levofloxacin were in range for the CXA-cUTI-10-04 and -05, and CXA-cIAI-10-08 and -
09 studies. Out of 869 results, there was 1 meropenem result that was 1 mm below the
CLSI approved QC ranges for meropenem,; all other data points were within QC.

Determination of Appropriate Kirby-Bauer Disk Mass

A study was performed and the Kirby-Bauer disk masses selected in accordance with the
CLSI M23-A3 guidelines. Kirby-Bauer disk inhibition zones were first determined, in
duplicate, for ceftolozane alone against a panel of susceptible and resistant bacterial
isolates, including 5 ATCC strains used for QC in CLSI methodology, 15 clinical isolates
of different species, and 25 isolates of P. aeruginosa with different antibiotic-resistance
profiles. Kirby-Bauer disks containing 10, 30, and 50 mcg of ceftolozane were prepared.
The inhibition zones obtained, which were similar for the 3 disk potencies, were
evaluated against the broth microdilution MIC values obtained with the same isolates.
Standard, commercially prepared 30-mcg Kirby-Bauer disks of ceftazidime were tested
in parallel. The 30-mcg disk load, a common cephalosporin disk load, was chosen for
ceftolozane because it produced excellent correspondence between the zone sizes and the
MIC values for the isolates tested (correlation coefficient 0.87). The correlation
coefficients were similar for the other 2-disk masses tested. Representative supporting
data, including ceftolozane susceptible and nonsusceptible strains, are summarized in the
table below.
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Table 72: Evaluation of Different Kirby-Bauer Disk Loads of Ceftolozane

Inhibition Zone (mm)

Species Isolate 10-pg disk 30-png disk 50-ng disk MIC (ngfmL)
5. aureus ATCC 25923 g 1212 13/13 16
E. coli ATCC 25922 25/25 2727 29129 0.25
P. aeruginosa ATCC 27833 24125 2828 29/30 0.3
H. influenzae ATCC 49247 21122 2525 28128 1
5. pmeumoniae ATCC 49619 20/20 2525 27027 0.3
5. aureus 2014183 6/6 1010 13/13 32
5. aureus 2014184 6/6 6/ 6/6 =64
5. preumoniae 2014179 29/29 3232 34435 0.12
5. preumoniae 2014180 1318 2324 25126 4
5. pyogenes 2014181 2121 2324 2525 0.12
H. influenzae 2014182 2827 3030 32131 0.12
E. coli 2014193 6/6 6/ 6/6 =64
E. coli 2015983 2/8 13/13 14/14 32
E pneumeniae 2014185 67 1212 14/14 64
E pneumoniae 2014186 15/14 20/20 23423 8

Table 73: Evaluation of Different Kirby-Bauer Disk Loads of Ceftozolane

(Continued)
Inhibition Zone {mm)
Species Lsolate 10-pg disk J-pg disk 50-pg disk MIC (pg/mL})
F. aeruginasa 2014187 2424 2828 31431 0.3
F. aeruginasa 2014188 15/14 21121 251235 8
P. neruginasa 2014189 25025 27127 3151 0.3
P. aernginosa 2014190 21 30030 3232 03
P. geruginosa 2014191 16/16 20121 2424 8
ATCC=Amczu Type Culture Collection; CLSI=Chnical and Laboratory Standards Institute; MIC=mimipmim inhibitory
concentration

MNote: Testing was conducted according to CLSI methodology [27,28,29].
*  Iphibition zones for duplicate disks.
Source: M5 3.5 CHA101-M-006

After selection of the 30-mcg Kirby-Bauer disk mass for ceftolozane, this load was tested
in combination with 5, 10, and 20 mcg tazobactam per disk. ESBL-positive and ESBL-
negative strains of E. coli and K. pneumoniae were included in the test panel. Good
correlation between zone diameter and MIC value was observed for all categories of
isolates tested with correlation coefficients of 0.84 for ceftolozane-tazobactam 30/5 mcg,
0.72 for ceftolozane-tazobactam 30/10 mcg, and 0.79 for ceftolozane-tazobactam 30/20
mcg Kirby-Bauer disks. For tazobactam, 10-mcg/disk was chosen, the same content as in
the standard piperacillin/tazobactam disk used in the United States.
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Therefore, the final disk mass selected was 30 mcg ceftolozane and 10 mcg tazobactam
per disk. An independent study, conducted by the European Union Committee on
Antimicrobial Susceptibility Testing [EUCAST, 2013] Laboratory for Antimicrobial
Susceptibility Testing, supported the use of the 30 mcg/10 mcg (ceftolozane-tazobactam)
disk mass for susceptibility testing in countries that follow EUCAST methodology. In
addition to the QC strains, a number of clinical isolates were tested. The mean inhibition
zones for each species obtained with the ceftolozane-tazobactam disk and an appropriate
cephalosporin comparator were determined. The mean zone diameter for the ceftolozane-
tazobactam 30/10 mcg Kirby-Bauer disk ranged from 22-28 mm, making the disk easy to
read and in line with zone diameters of other cephalosporin disks which ranged from 17-
34 mm.

Table 74: CLSI Approved Quality Control Limits for Susceptibility testing of
Ceftolozane-Tazobactam with Kirby-Bauer Disk Diffusion Methodology

Bacterial Strain Inhibition Zone Diameter (mm) Percent Within Range
Escherichia coli ATCC 25922 2432 902
Escherichia coli ATCC 35218 2432 985
FPseudomonas aeruginesa ATCOC 27853 25-311 908
Klebsiella pneumeoniae ATCC 700603 17-25 908
Hasmophilus influenzae ATCC 49247 2329 004
Staphylococcus aureus ATCC 25923 §-18 902
Streptococcus pneumoniage ATCC 40619 21-29 088

ATCC=Amencan Type Culture Collection; CL5I=Chnical and Laboratory Standards Institute
The disks contained 30 pg of ceftolozane and 10 pg of tazobactam.

* This strain is not required for routine testing.

Source: M53 5 PCHA0MMC; M5 35 ACEA 016 MC CLSL 2012 [24].

Additionally, two strains utilized for QC by EUCAST were tested: S. aureus ATCC
29213 and Haemophilus influenzae National Collection of Type Cultures (NCTC) 8468.
The proposed inhibition zone ranges are in the table below.

Table 75: CLSI Approved Quality Control Limits for Kirby-Bauer Disk Diffusion
Susceptibility Testing of Ceftolozane-Tazobactam with the EUCAST Quality

Control Pathogens
Bacterial Strain Inhibition Zone Diameter (mm) Percent Within Range
Hasmophilus influsnzae NCTC 8468° 2329 991
Staphylococeus aureus ATCC 29213 7-17 96.3

ATCC=Amencan Type Culture Collection; EUCAST=Furopean Umion Committes on Antimierobial Susceptibility Testing;
NCTC=National Collection of Tyvpe Cultures

The disks contained 30 pg of cefiolozane and 10 pg of tazobactam.

* H influenzas was tested on Mueller- Hinton agar supplemented with 5% horse blood and 20 pg/ml. nicotinamide adenine
dmucleotide MAD).

Source: M5.3.5 HCHA 004 MC
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Broth Microdilution Susceptibility Tests
@@ the central microbiology laboratory for
CXA-cUTI- 10-04 and -05 and CXA-cIAI-10-08 and -09 studies, performed QC testing
concurrent with subject isolate testing. All QC testing data were within the approved QC
ranges for each antimicrobial. Data for all the aerobic pathogens was collected using
dried form microdilution panels prepared by N
which were validated according to standard validation methods (CXA.019.MC). B.

fragilis group anaerobes were tested using frozen broth microdilution panels prepared by
() (@)

E. coli ATCC 25922

The modal MIC of ceftolozane-tazobactam was 0.25 mcg/mL, which is in the middle of
the current QC range of 0.12 to 0.5 mcg/mL. The current range encompassed 100% of the
ceftolozane-tazobactam values reported; 100% of the levofloxacin and meropenem MIC
values also fell within the established QC ranges for these agents.

E. coli ATCC 35218

The modal MIC of ceftolozane-tazobactam was 0.12 mcg/mL, which is in the middle of
the current QC range of 0.06 to 0.25 mcg/mL. The current range encompassed 100% of
the ceftolozane-tazobactam values reported; 100% of the levofloxacin and meropenem
MIC values also fell within the established QC ranges for these agents.

P. aeruginosa ATCC 27853

The modal MIC of ceftolozane-tazobactam was 1 mcg/mL, which is at the higher end of
the current QC range of 0.25 tol mcg/mL. The current range encompassed 100% of the
ceftolozane-tazobactam values reported; 100% of the levofloxacin and meropenem MIC
values also fell within the established QC ranges for these agents.

S. pneumoniae ATCC 49619

The modal MIC of ceftolozane-tazobactam was 0.5 mcg/mL, which is in the middle of
the current QC range of 0.25 to 1 mcg/mL. The current range encompassed 100% of the
ceftolozane-tazobactam values reported; 100% of the levofloxacin and meropenem MIC
values also fell within the established QC ranges for these agents.

B. fragilis ATCC 25285

The modal MIC of ceftolozane-tazobactam was 0.12 mcg/mL, which is at the lower end
of the current QC range of 0.12 to 1 mcg/mL. The current range encompassed 100% of
the ceftolozane-tazobactam values reported; 100% of the levofloxacin and meropenem
MIC values also fell within the established QC ranges for these agents.
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Table 76: Phase 3 Ceftolozane-Tazobactam Broth Microdilution QC Results

Quality Control Minimum Inhibitory Concentration {(png/mL)

Organism N 0.03 0.06 012 025 0.5 1 2 4
E coli ATCC 25922 430 3 369 58

CXA-cUTI-10-04 240 1 205 43

CXA-cUTI-10-05

CHA-cIAL-10-08 181 2 164 15

CXA-cIAL-10-09

E coli ATCC 35118 430 1 350 70

CXA-cUTI-10-04 240 1 203 45

CXA-cUTI-10-05

CXA-cIAL-10-08 181 = 156 25

CHA-cIAL-10-09

P aeruginosa
ATCC 27853
CHA-cUTI-10-04 249 = 101 148
CHA-cUTI-10-03

CHA-cIAL-10-08 181
CXA-cIAL-10-09

430

=]
=
=]
|

246

=]
e
=

a8

5. prenmoniae
ATCC 49619

CHA-cIAL-10-08 178
CHA-cIAL-10-09
B. fragilis
ATCC 25285

CXA-cIAIL-10-08 26 18 ]
CXA-cIAI-10-09

ATCC=Amencan Type Culture Collection; QC=quality control

Mote: Shaded cells represent CLSI-approved QC range. All organizms were within (QC range. Diash (--}=no 1solates at this
value.

Source: M5.3 5 HCHA 062 MC and M5.3.5 4C3A 063.1MC

136 33

=]

(S

S. aureus ATCC 29213

The modal MIC of ceftolozane-tazobactam was 32 mcg/mL, which is in the middle of the
current QC range of 16 to 64 mcg/mL. The current range encompassed 100% of the
ceftolozane-tazobactam values reported; 100% of the levofloxacin and meropenem MIC
values also fell within the established QC ranges for these agents.

B. thetaiotaomicron ATCC 29741 (broth)

The MICs of ceftolozane-tazobactam were evenly distributed between 16 and 32
mcg/mL, which is the lower to middle portion of the current QC range of 16 to 64
mcg/mL. The current range encompassed 100% of the ceftolozane-tazobactam values
reported; One hundred percent of the levofloxacin and meropenem MIC values also fell
within the established QC ranges for these agents.
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Table 77: Phase 3 Ceftolozane-Tazobactam Broth Microdilution QC Results for S.
aureus and B. thetaiotaomicron

Minimum Inhibitory Concentrations (pg/mL})

Quality Control Organism N 4 8 16 32 64 128 =128
S aurens ATCC 20213 275 13 244 16

CHA-cUTI-10-04 128 1 124 3

CHA-cUTI-10-05

CHA-cIAT-10-08 147 12 122 13

CHA-cIAL-10-09

E. thetaiotaomicron
ATCC 29741 (broth)

CHA-cIAT-10-02 26 13 13
CHA-cIAT-10-09
ATCC=Amencan Type Culture Collection; QiC=qualify control

Mote: Shaded cells represent CLSI-approved QO range. All orgamsmes were within QU range.
Source: M5.3. 5 $CHA 062 MC and M5 3.5 40034 063.MC

Summary

Overall, the MIC QC results were generally in the middle of the CLSI approved QC
range for the appropriate QC strains. The only exception was the P. aeruginosa ATCC
27853 strain which ran at the higher end of the QC range.

Reviewer’s Comment
One hundred percent of the MIC QC results for all QC strains tested were in range for the
CXA-cUTI-10-04 and -05 and CXA-cIAI-10-08 and -09 studies.

Quality Control for Broth Dilution (MIC) Methods

A study to establish the MIC quality control (QC) ranges for ceftolozane-tazobactam was
conducted in 8 laboratories. Broth microdilution ranges were determined for CLSI
reference strains of Enterobacteriaceae, P. aeruginosa, and other species of aerobic
bacteria commonly used in susceptibility testing methods. Both broth and agar dilution
QC ranges were determined for reference strains of anaerobic bacteria. The study was
conducted according to CLSI M23-A3 methodology [CLSI, 2008]. As shown in the table
below, the approved QC limits included at least 98% of valid MIC values for each
reference strain and growth medium tested. Another study, conducted using the same
CLSI methodology, determined the QC limits of ceftolozane-tazobactam for broth
microdilution testing of S. pneumoniae American Type Culture Collection (ATCC)
49619. A laboratory (Lab #5) was identified as a statistical outlier for the mean, median
and mode and was thus excluded from further analysis. With Lab #5 excluded, 100% of
MIC determinations were within this range.
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Table 78: CLSI-Approved Control Limits for Susceptibility Testing of Ceftolozane-
Tazobactam with Broth Microdilution and Agar Dilution Methodology

MIC Range Percent (%)
(ng/mL ceftolozane of MICs
Number of strains T:;;];I;In’:ﬁﬁ E.:::]::
tested by all =
Bacterial Strain laboratories BEroth Microdilution
Escherichia coli ATCC 25922 240 0.12-05 99 6
Escherichia coli ATCC 35218 240 0.06-0.25 100
Pseudomonas aeruginosa ATCC 27853 240 0.25-1 100
Klebsiella preumoniae ATCC 700603 240 0.5-2 100
Haemophilus influsnzae ATCC 49247 240 0.5-2 100
Staphylococcus aurens ATCC 29213 240 16-64 100
Streptococcus pneumoniae ATCC 49619 210 02541 100
Bacteroides fragilis ATCC 25283 210 0.12-1 995
Bacteroides thetaiotaomicron ATCC 29741 240 16-64 08.3
Agar Dilution
Bacteroides fragilis ATCC 25283 430 0.12-1 100
Bacteroides thetaiotaomicron ATCC 29741 470 16-128 100
ATCC=Amencan Type Culture Collection; CL5I=Clmical and Laboratory Standards Instrfute; MIC=mimmomm inhibitory

concentration

HMote: Broth microditution MIC determinations were performed utihzing Haemophilus test medium (HTM) broth for

H influenzae, Brucella broth supplemented with hemin vitamin K1, and 5% hsed horse blood (LHB) for anaerobes, and cation-
admsted Mueller-Hinton broth (CAMHE) for the other organisms. Agar dilution testing of the Bactercides spp. strams was
performed usmg Brucella agar supplemented with hemmm, vitammun K1, and 5% laked sheep blood under anaerobic conditions.

*  This strain is not required for routine testing.

Sowrees: W335 ANCEA 003 0C; MA3 5 ACHA 0I6MC; CLSL 2012 28]

Correlation of Provisional Interpretive Criteria with Clinical Qutcome

Primary Endpoint Outcomes versus MIC and Zone Diameter

In the sections that follow, the primary endpoint outcome of favorable microbiological
response and clinical response are discussed by pathogen, MIC value, and zone
diameters.

Pathogen Eradication, Outcome by MIC and Outcome by Zone Diameter

Analysis for cUTI

The primary efficacy endpoint for the cUTI study was the composite microbiological and
clinical cure rates at the TOC visit. The primary analysis was based on the mMITT
population and the key secondary analysis was based on the ME at TOC population.
Ceftolozane-tazobactam achieved noninferiority compared to levofloxacin for the
primary efficacy variable in the treatment of adult subjects with cUTI (including
pyelonephritis) (see table below). In addition, ceftolozane-tazobactam demonstrated
statistical superiority over levofloxacin in terms of the composite endpoint, as evidenced
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by the lower bound of the 2-sided 95% CI around the treatment differences excluding
zero in both the primary and secondary analysis populations.

Table 79: Primary and Key Secondary Analysis: Composite Microbiological and
Clinical Response Rate at TOC Visit by Population in cUTI

Ceftolozame’
Tazobactam | Levofloxacin %y Drifference % Difference
Analysis Response (%) o (%) (#5084 CT) (908 CT)"
Primary Analysis® N=358 H=402
mMITT Snccess 306 (76.9) 175 (6B 4) E5(230.1457F | B.3(0.36, 1646)°
Failure 5 (16.5) 103 (25.48)
Indeterminate 16 (6.5) 24 (6.0)
Secondary Analysis” H=341 H=333
ME at TOC Sncoess 284 (83.3) 266 (75.4) 8.0(1.95 13.97)° | £.0(0.01, 15.84)°
Failure 57(16T) B7(24.8)
Cl=confidence ixtarval (based om stratified MewCombe;, cUTI=complicated wrinary tract imfecton; BIE at

TOC=microbiclogimally evalazble at test of cuze; mMITT=microbiclogical medified ixtent-io-treat.

* 89% CI per Food and Drag Administration's request for determination of superbority fom a singe sdy.

" Shatfied by regien.

¢ Trestnent Failere Approach, mdeterminste is clasified s fdlers {mdar to M53 5 1 UTTCXA-CUTI-18-04 and
-0\ Bection 9.7.1.1.3 for detadls)

? Dam-as-Ohsarved, indetsrminate is excleded from anahysis (Tefiar to M35.3. 5.1 UTTWCX A-cUTI-10-04 2md
-0FEgction 9.7.1.1.3 for details)

Notes: n=Numsber of sbjects in specific categery. M=Mumber of sabject: in specified populaticn. Percentages am caloalated as
100 = (nM).
Sucosss: Par-nubject microbiclogical msponss is microbiological seccess 2nd the clinical responss is clinical curs.
Failume: Par-subject mxicrobiological revponss is microbiclogical faimre or the clinical response is clinical Syilemg.
Indetsanainaie: Par-sabject muicrobiolegcal maponse is non-evaluable and'or the clmical respomsa i indsterminats

Seurce: M3 3.5 I UTICX A~ UTI-10-04 and -0 P Tablo 14.2 2a, Takic 14.2.2 and Takle 14.2.5.

Pathogen Eradication Rates (cUTI)

The table below presents the microbiologic eradication rates by baseline uropathogen at
the TOC visit for the ME at TOC population for the most common cUTI pathogens.
Overall, ceftolozane-tazobactam was efficacious at eradicating gram-negative pathogens
causing cUTI. The highest microbiological eradication rates were noted for ceftolozane-
tazobactam against E. coli, and these were superior to the levofloxacin eradication rates.
The 95% confidence interval (CI) did not include zero for E. coli, indicating ceftolozane-
tazobactam had superior microbiological eradication rates compared with levofloxacin
against this pathogen. Of the Enterobacteriaceae, the lowest microbiological eradication
rates were noted for E. cloacae. Ceftolozane-tazobactam also compared favorably to
levofloxacin against P. aeruginosa with eradications rates of 85.7% and 58.3%,
respectively.

As previously reported, enterococcal isolates are inherently resistant to cephalosporins; as
a consequence low per-pathogen eradication rates against E. faecalis and E. faecium were
observed for ceftolozane-tazobactam. The results in the mMITT population were similar
to the ME at TOC population. The microbiological eradication rates were higher for both
treatment arms in both the mMITT and ME at TOC populations at EOT compared to the
TOC visit.
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Table 80: Per-Pathogen Microbiologic Rates (Outcomes) at the TOC Visit (ME at
TOC Population) in cUTI

Ceftolozame!
Tazobactam Levofloxacin
N=44n) (=353 4y Difference
Baseline Pathogen Category a'Nl (&) oMl (%) (958 CI)
Gram-Megative Asrabes 1877313 BE9 2537340 774 11.5(5.82, 17.10)
Enterobacteriaceas 1817316 BEA9 255327 730 10,0 (5.22, 16.61)
Enterobacter cloacae A 333 &7 5.7 -52.4 (-T8.78, -0.2T)
scherichia colf 137362 205 2267284 0.5 100 (491, 16.77)
Escherichia coli (CTX-M-14/15) 217 741 13725 3.0 ot available
Elebsiella pneumoning 21125 B40 1223 &50.9 231 (209, 45.39)
Elgbsielia pneumonise (CTH-M-14/15) 58 62.5 14 150 Hat available
Protews mrabiliz 1010 100 B11 73 27.3(-5.55. 56.58)
Prendomonas @eruging g 67 B5.7 112 583 174 (-15.86, 56.23)
Gram-Positive Asrobes &821 38.1 16120 300 | 41.9(-52.95,-11.76)
Enterococcus fecalis 316 313 12116 750 -23.8 (<6637, -021)
Enterococcus fhaecium 12 500 33 100 =500 (<0055, 19.24)

CFU=colomy-forming unit; CI=confidsncs interval (based on Wilson scom); cUTI=complicated erinary tact infection;
MF=microbiclogically svalnabls; n=nember of mbjects i spacific catepory: N=mmmber of mbjects in popolation; M1 -nember
of sehjects with baselms pathogen category/pathogen: TOC=test of cuma.

Notes: Percentages are calcalated as 100 x (N1}

Subjects are counted in the worst response begory within basaline pathogen category and orgamizm groap.

Eradication and presunsed sradication count & aadication.

Indetemmeinate: Mo Mmbsrprotable ering cnlmrs availsbls, and ne previons nrine culmrs (afer at loast 3 days of sdy dmg
adeministration) that s negative (a0 grewth) or < 10" CFUimL colony comnt

All CTR-M-14/13 imchudes CTX-M-14, CTX-M-15, CTH-M-15-lke. ALl CTR-M14/15 is a subgroup of all ESBL producers.

Seowrce: M3I3 3 IUTICHA-CUTE-10-04 2and 07 Table 14.2.12 2 and Tabde 14.2.28.2

Ceftolozane-tazobactam achieved significantly higher microbiological eradication rates
than levofloxacin against levofloxacin-resistant Enterobacteriaceae, including
levofloxacin-resistant E. coli, and levofloxacin-resistant K. pneumoniae (see table
below). Against the small number of E. cloacae, the ceftolozane-tazobactam eradication
rate was 33%. The results in the mMITT population were similar to the ME at TOC
population. In the mMITT population, ceftolozane-tazobactam achieved eradication rates
of 71.2%, 69.2%, and 75% for levofloxacin-resistant E. coli, K. pneumoniae, and P.
aeruginosa, respectively. The equivalent microbiological eradication rates for
levofloxacin were 41%, 36.4%, and 37.5%, respectively.
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Table 81: Per Pathogen Microbiologic Eradication Rates (Outcomes) of
Levofloxacin-resistant Pathogens at the TOC Visit (ME and TOC Population) in

cUTI
Ceftolozane’
Tazobactam Levoflozacin
(=) B=3s4) by Dnfference
Baszeline Pathogen Category n'N1 L nN1 L (5% CT)
Gram-Wegative Aprobes 58720 725 4182 444 178 (1321, 40.91)
Enterobacteriaceas 5507 714 3B/84 452 26.2(10.96, 39.72)
Ermrerobacter cloacae 5 2040 el 10 -30.0 (96,38, -1.73)
scherichia coli 4358 1248 3068 441 258 (11.50,43.55)
Elobsiella pneumonine 211 BlE EN £ 518 (950, 75.05)
Proteus mrabilis Ll - 21 100 Mot Calculated
TeLd O ONET SETUETH I 33 10a e 375 2.5 (-1.09, B5.31)
Gram-Positive Astobes 211 182 a0 G0.0 -41.8 (-68.42, 063
Enterococcus faecalis 1@ 111 48 0.0 -89 (-68.79,424)
Enterococcus faecium 172 500 el 10 -50.0 (90,55, 27.26)

CFU=coleary-forming unit; CI—confidence mberval (based oo Wilson scem); cUTI=complicated wrinary tact infecton; ME=
mxicrobiologically svalabls: n=mmeber of mubjects I specific category; N=numbar of subject: in population: N1=mmn=bar of
sehjects with basaling pathogen category'pathogen; TOC=Tast of cure

Notes: Percentages are caloalated as 100 x (oW1}

Snbjects are commted in the worst msponse category within basaline pathogen category and organizm grosp.
Eradication and presumed srdicaticn count i aadicaticn.

Indeternuinate: Mo nterpretable wrine colture suailable, and oo previous wrize culture (afier at least 3 days of shady drug
admrindstration) that i negative (so growih) or < 10 CFUmL. colony commt

Sowrce: M33.3. I UTICKA-cUTI-10-04 and -05'Table 14.2.12.2.1.

Ceftolozane-tazobactam had higher clinical cure and microbiological eradication rates
against characterized ESBL-positive isolates compared to levofloxacin in the mMITT and
ME at TOC populations. Clinical cure rates for ceftolozane-tazobactam for E. coli and K.
pneumoniae producing CTX-M-14 or CTX-M-15 were 87% and 90% respectively. The
equivalent clinical cure rates for levofloxacin were 71% and 40%, respectively. In the
levofloxacin treatment arm, more than 50% of isolates with a levofloxacin MIC >4
mcg/mL were not eradicated. Thus, despite the high dose of levofloxacin used in this
study and high urinary concentrations, resistance to levofloxacin was a predictor of
composite failure with levofloxacin therapy. Failure rates for levofloxacin-resistant
pathogens compared with overall results were also lower with ceftolozane-tazobactam
therapy, despite most isolates being susceptible to ceftolozane-tazobactam. This likely
reflects that levofloxacin resistance is an indicator of subjects at particular risk of
recurrent UTIL.

Reviewer’s Comment
In the levofloxacin treatment arm, more than 50% of isolates with a levofloxacin MIC >4
mcg/mL were not eradicated.
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Table 82: Summary of Per-Pathogen Clinical Cure by ESBL Status of Baseline
pathogen at TOC Visit (nMITT Population) in cUTI

Ceftolozane’
Tazobactam Levoflozacin
Baseline Pathogen (N=398) (N=402)
ESBL Statns il L N1 L
Ercherichio coil
Al ESBL Producers 364l E78 3243 T44
AN CTH-MI1415 2731 &71 2231 710
Mo ESEL 4/4 100 gl 100
Elabsiella preumoniae
AN ESBEL Producers 11112 017 518 §2.3
AN CTH-M-14/15 LT Q0.0 5 40.0
o ESEL 0 - a

clTI=complicated urinary tract infection; ESBL=sxtunded spectrum B-lactamass; mMITT=microbiclogcally modiSed Intemt-
Treat; nmemmsher of subjects in specific categoery; M=numbsr of subjects in mMITT Popalation: Nl=mmmber of subjects with
the specified ESBL status for the specified pathogen: TOC=test of curs.

Hotes: Percemtages are caloalated as 100 x (oW1}
All ESBL producer includes aary enrymse. All CTR-M14-15 inchdes CT2-M-14, CTH-AM-15, CTH-M-15-kke. ANCTX-
M 14-175 is a subgrowp of all ESBL produecsrs. Mo ESBL=All negative ESEL.
Only pathogsens with psolecular testing complete at datahbase lock are incleded & the t2bla.

Somrce: M33.5. I'cUTDCH A-cUTI-10-04 and 05 Tabla 14.2.26.1.

In total, 4 P. aeruginosa overexpressed AmpC and the 1 ceftolozane-tazobactam-treated
subject with P. aeruginosa AmpC overexpression was a composite cure at the TOC visit.

Correlation of MIC Values With Clinical and Microbiological Response in the
cUTI Study

Results in the mMITT population were similar to the ME at TOC population.

The ceftolozane-tazobactam MIC values ranged from 0.0625 mcg/mL to >64 mcg/mL in
the ceftolozane-tazobactam treated subjects and in the comparator-treated subjects. The
clinical success and microbiological cure rates were high in the ceftolozane-tazobactam
arm for pathogens with ceftolozane-tazobactam MIC values <8 mcg/mL. In both
treatment arms, clinical response rates were slightly higher than the microbiological
response rates, which is expected in this indication and reflective of the common
occurrence of asymptomatic bacteriuria at the TOC visit [Nicolle, 2005]. The fact that all
46 subjects with asymptomatic bacteriuria in the ceftolozane-tazobactam treatment arm
did not require nonstudy antibiotic treatment through the LFU visit indicates that these
microbiological failures were not clinically meaningful, but rather that positive urine
cultures at the TOC visit represent colonization.

Reviewer’s Comment

Summaries for pathogen eradication and clinical cure for the key cUTI pathogens are
listed below. The Applicant described information pertaining to clinical success and
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microbiological outcome at two MIC cut-off values of <8 mcg/mL and >16 mcg/mL for
all of the pathogens discussed.

Enterobacteriaceae (N=353)

* Ceftolozane-tazobactam MIC values ranged from 0.0625 mcg/mL to >64 mcg/mL in
the ceftolozane-tazobactam-treated subjects with most of the isolates between an MIC of
0.125 to 2 mcg/mL (see table below).

* There was no apparent association between clinical cure or pathogen eradication rates
and MIC values in the ceftolozane-tazobactam treatment arm. Success rates overall
were high. The number of pathogens was small at higher MIC values.

* Clinical cure rates were high regardless of MIC values.

* The distribution of MIC values in the combined surveillance studies for the
Enterobacteriaceae were similar to the MIC values obtained in the clinical studies.

* Applying the provisional breakpoint of B

— Clinical success rates were 94% for Enterobacteriaceae with MIC values

<8 mcg/mL.

— Clinical success rates were 90% for Enterobacteriaceae with MIC values

>16 mcg/mL.

— Microbiological eradication rates were 84.6% for Enterobacteriaceae with MIC
values <8 mcg/mL.

— Microbiological eradication rates were 50% for Enterobacteriaceae with MIC

values >16 mcg/mL, mostly accounted for by isolates with MICs >64 mcg/mL.
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Table 83: Clinical Cure and Pathogen Eradication Rates at TOC by Ceftolozane-
Tazobactam MIC value for Gram-negative Aerobes and Enterobacteriaceae from
the Phase 3 cUTI Study

Ceftolozane/ Clinical Success M};r::r;;i:a]
Tazobactam

Baseline Infecting Pathogen MIC (pg/mL) n'N1 L n/N1 L]
Gram-Negative Asrobes 0.0625-=64 | 338360 930 3017380 236
0.0625 272 100 ] 100
0.125 83/83 974 T3/85 250
025 | 1611176 913 1534174 875
03 33/56 o044 45/56 204
1 1414 100 11714 TR6
2 8 100 58 6215
4 45 20.0 5 0.0
B i3 100 3 66.7
14 44 100 i4 750

32 1 0 | o
L 11 100 111 100
=4 71 100 47 571
Enterabacteriaceas 0.0625--64 | 331353 041 206/353 LERY
0.06235 12 100 17 100
0.125 8385 974 T3/85 258
025 | 1611176 o135 134176 875
03 3154 o044 4454 213
1 13113 100 1713 T6.8
2 &% 100 58 6215
4 44 100 14 0.0
B 33 100 1 G6.7
14 33 100 1 G6.7

32 o1 ] | o
L 11 100 171 100
=i 5 100 5 0.0

cUTI=complicated unnary tact mésction; MIC=pumimum mhibitory conceatration; mMITT=microbiclogical modified miant-to-
treat. n=numbar of sebjects In specific category: Wi=mmmsber of subjects i specified popelation with baseline pathogen
categories with the commsponding ceftolozane/azcbactam MIC value; TOC=test of cure

Scurce: M33.3 IcUTICEA-cUTH-10-04 and -03Tabls 14.2.18.1 and Takls 14.2.20.1 {mBITT pogrulations)

E. coli (N=292)

* Ceftolozane-tazobactam MIC values ranged from 0.0625 mcg/mL to >64 mcg/mL in
the ceftolozane-tazobactam-treated subjects with the majority of isolates between an MIC
0of 0.125 to 1 meg/mL (see table below).

* There was no apparent association between clinical cure or pathogen eradication rates
and MIC values in the ceftolozane-tazobactam treatment arm. Success rates were

high overall. The number of pathogens was small at higher MIC values.

* Clinical cure rates were high (>90%) for isolates at each MIC value.

* The distribution of MIC values in the combined surveillance studies for E. coli was
similar to the MIC values obtained for E. coli in the clinical studies.

* Applying the provisional breakpoint of < N

— Clinical success rates were 93.8% for E. coli with MIC values <8 mcg/mL.

— Clinical success rates were 100% for E. coli with MIC values >16 mcg/mL.

— Microbiological eradication rates were 84.6% for E. coli with MIC values

<8 mcg/mL.

— Microbiological eradication rates were 50% for E. coli with MIC values

>16 mcg/mL.
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E. coli CTX-M-14/15 (N=31)

* For the CTX-M-14/15 subpopulation of E. coli, the ceftolozane-tazobactam MIC
values ranged from 0.25 mcg/mL to >64 mcg/mL in the ceftolozane-tazobactam-treated
subjects with the majority of isolates between 0.25 mcg/mL and 1 mcg/mL (N=28)

(see table below).

* High microbiological eradication rates and high clinical success rates were apparent
at MIC values < 1 mcg/mL, though there were only single isolates at MIC values

>2 mcg/mL.

Table 84: Clinical Cure and Pathogen eradication Rates by TOC by Ceftolozane-
Tazobactam MIC Value for Escherichia coli from the Phase 3 cUTI study

} Microbiological
Ceftalozane/ Clinical Saccess Eradication
Tazobactam

Baseline Infecting Pathozen MIC {pe/mL) nN1 L Nl L
scherichia cali 0.0635-=64 174292 9318 1487292 240
0.0625 1 100 i 100
0.125 2183 7.6 T1/83 86.7
025 1446/1460 913 1397140 B6.9
0s 3133 230 2733 818
1 B8 100 a8 5.0
2 1 100 12 0.0

4 11 100 01 0

8 11 100 01 ]
= 1 100 12 0.0
scherichia colf (CTX-M) 0.253=t2] 2751 £T.1 213l 7.7
025 27 571 47 571
035 15/16 938 13145 813

1 515 100 45 80

2 11 100 01 ]

8 11 100 01 0

= 111 100 01 1

clUTI=complicated nrinary tract Infecticn; MIC=pinirnm inhikitory conceatration: b ITT=microbiclogical modifed ixtant-to-
treat, n=numbar of sebjects in specific category; Wl=mmesber of subjects in specificd population with bascling pathegan
categories with the cormsponding ceftolozane/tazobactam MIC vale; TOC=tast of cure

Sowrca: M3 3.3 1 UTIWCXA-cUTI-10-04 and -07'Table 14.2.18.1 and Table 14.220.1 (mMTTT populations),
M33.35 I'eUTTC X A-cUTI-10-04 and-05. Livtings 16.2.6.1 7 amd M3.3.3 1'cUTINCXA-cUTI-10-04 and -5 Livting 16.2.6.3

K. pneumoniae (N=30)

* Ceftolozane-tazobactam MIC values ranged from 0.25 mcg/mL to 64 mcg/mL in the
Ceftolozane-tazobactam-treated subjects with the majority of isolates between an MIC
of 0.25 to 8 mcg/mL (see table below).

* There was no apparent association between clinical cure or pathogen eradication rates
and MIC values in the ceftolozane-tazobactam treatment arm. Success rates were
generally high. The number of pathogens was small at each MIC value.

* The distribution of MIC values in the combined surveillance studies for the

K. pneumoniae were similar to the MIC values obtained for K. pneumoniae in the
clinical studies.

» Applying the provisional breakpoint of
— Clinical success rates were 96.3% for K. pneumoniae with MIC values <8 mcg/mL.
— Clinical success rates were 66.7% for K. pneumoniae with MIC values >16 mcg/mL.

(b) (4),
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— Microbiological eradication rates were 77.8% for K. pneumoniae with MIC values
<8 mcg/mL.

— Microbiological eradication rates were 66.7% for K. pneumoniae with MIC values
>16 mcg/mL.

K. pneumoniae CTX-M-14/15 (N=10)

* For the CTX-M-14/15 subpopulation of K. pneumoniae, the ceftolozane-tazobactam
MIC values ranged from 0.25 mecg/mL to 32 mcg/mL in the ceftolozane-tazobactam
treated subjects (see table below).

* Microbiological eradication and clinical cures were comparable at all of the MIC
values, though there were generally only single isolates at each MIC value.

* Outcome by MIC was not predictive for CTX-M-14/15 K. pneumoniae. Presence or
absence of CTX-M-14/15 does not appear to affect microbiological eradication or
clinical cure rates.

Table 85: Clinical Cure and Pathogen Eradication Rates at TOC by Ceftolozane-
Tazobactam MIC Value for Klebsiella pneumoniae from the Phase 3 UTI study

. Aicrobialogical
Ceftolozane Climical Snccess Eradication
Tazobactam
Baseline Infecting Pathozen MIC (pz/mL) nN1 4y N1 L
Elebsielia pneumoniog 0.25-64 28/30 033 2330 T6.T
025 18 875 e 875
0.5 Qe 100 ] 64.7
1 33 100 23 64.7
2 /4 100 34 50
4 11 100 11 100
H 1 100 i 100
15 11 100 11 100
32 LI ] | ]
54 11 100 11 100
Elebsielia pneumonize (CTH-M) .15-32 Q10 &0 510 50
025 1 100 12 50
0.5 11 100 o1 o
1 11 100 | ]
1 33 100 23 64.7
H 11 100 1/ 100
14§ 11 100 11 109
32 01 0 1 ]

cUTI=complicated nrinary tact miection; MIC=mintmum mmhibitory concemtration: mdITT=microbiological modified mrtent-to-
treat; n=mumbar of sebjects in specific category; Nl=—mmmber of subjects in specifisd population with baseline pathogen
categories with the comusponding ceftolozanszobactam MIC value; TOC=test of cure

Source: M33.31UTICHA-CUTI-10-04 and -05'Table 14.2.18.1 and Table 14.2.20.]1 (mMITT pepulatons]),
M33.5 IeUTTC X A-cUTI-10-04 and-05 Listings 16.2.6.1 2 amd M35.3. 5. 1'cUTIVC T A~cUTT-10-04 and -05 Listing 15.2.63

P. mirabilis (N=12)

* Ceftolozane-tazobactam MIC values ranged from 0.25 mcg/mL to 0.5 mcg/mL in the
Ceftolozane-tazobactam-treated subjects (see table below).

* There was no apparent association between clinical cure or pathogen eradication rates
and MIC values in the ceftolozane-tazobactam treatment arm. The number of
pathogens was small at each MIC value.

* Clinical cure rates were high for isolates at each MIC value.
* Pathogen eradication rates in the ceftolozane-tazobactam treatment arm were 100% at
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each MIC value.

* The distribution of MIC values in the combined surveillance studies for the

P. mirabilis were similar to the MIC values obtained for P. mirabilis in the clinical
studies.

» Applying the provisional breakpoint of
— Clinical success rates were 91.7% for P. mirabilis with MIC values <8 mcg/mL.
— Clinical success rates were not evaluated for P. mirabilis with MIC values

>16 mcg/mL, since no P. mirabilis isolates had MIC values >16 mcg/mL.

— Microbiological eradication rates were 100% for P. mirabilis with MIC values
<8 mcg/mL.

— Microbiological eradication rates were not evaluated for P. mirabilis with MIC
values >16 mcg/mL, since no P. mirabilis isolates had MIC values >16 mcg/mL.

(b) (4),

Table 86: Clinical Cure and Pathogen Eradication Rates at TOC by Ceftolozane-
Tazobactam MIC Value for Proteus mirabilis from the Phase 3 cUTI Study

; Microbialogical
Ceftolozane/ Clinical Suocess Eradication
Tazobactam
Baseline Infecting Pathogen MIC (pg'mL) n'N1 Ly n/N1 L
FProweus mirabilis 025405 1112 e1.7 1212 100
025 33 100 33 100
05 g4 gR.0 o 100

clUTI=complicated nrinary tract infection; MIC=pmimmm ixhibitory concentraton: mMITT=microbiclogical modified fvtent-to-
treat; n=mumbar of sebjects in specific categeory; Nl=mmmber of subjects in specified population with baeling pathogen
catmgories with the commusponding ceftolozansfarobactam MIC value; TOC=test of cure

Sowrce: MI3.31WUTICXA-CUTE-10-04 and 07 Takle 14.2.18.1 and Table 14.2.20.1 {(mMITT populations)

P. aeruginosa (N=7)

* Ceftolozane-tazobactam MIC values ranged from 0.5 mcg/mL to > 64 mcg/mL in the
Ceftolozane-tazobactam-treated subjects (see table below).

* There was no apparent association between clinical cure or pathogen eradication rates
and MIC values in the ceftolozane-tazobactam treatment arm. Overall 6/7 subjects
with P .aeruginosa achieved clinical cure and 5/7 achieved microbiological
eradication. The number of pathogens was small at each MIC value.

* The distribution of MIC values in the combined surveillance studies for the

P. aeruginosa were more susceptible than the MIC values obtained for P. aeruginosa
in the clinical studies.

» Applying the provisional breakpoint of
— Clinical success rates were 75% for P. aeruginosa with MIC values <8 mcg/mL.
— Clinical success rates were 100% P. aeruginosa with MIC values >16 mcg/mL.
— Microbiological eradication rates were 100% for P. aeruginosa with MIC values
<8 mcg/mL.

— Microbiological eradication rates were 100% for P. aeruginosa with MIC values
>16 mcg/mL.

(b) (4),
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Table 87: Clinical Cure and Pathogen Eradication Rates at TOC by Ceftolozane-
tazobactam MIC Value for Pseudomonas aeruginosa from the Phase 3 cUTI Study

Ceftolozane! Chnical Smccess M];crr::iral;ﬂﬂ
Tazohactam

Baseline Infecting Pathogen MIC (ng/mlL) a'N1 L1l n/N1 L
Provdomonas aeruEing sy 0.5-=64 a7 B5.7 57 T4
0.3 1 100 12 50.0

1 111 100 11 104

4 01 ] 1 ]

16 111 100 11 104

=64 21 100 42 104

clUTI=complicated nrinary tract infection; MTC=puntmmm mhibitery concentration: mBITTT=microbiclogical modified mytent-io-
treat, n=number of sebjects in specific category; Nl=mmmber of subjects in specified population with baseline pathogen
catugories with the commusponding ceftolceanseobactam MIC valne; TOC=test of cure

Searce: MI351UTICNA-cUT-10-04 and -05'Tabla 14212 1 and Takle 14.2.20.1 {mMITT pogmlations)

E. faecalis (N=22)

* Ceftolozane-tazobactam MIC values were >32 mcg/mL for the gram-positive cocci
including E. faecalis (see table below).

* E. faecalis with MIC values >32 mcg/mL had poor microbiological eradication rates
(33.3% eradication).

* Clinical cure rates were higher than the microbiological eradication rates for this
population (83.3%).

* Applying the provisional breakpoint of
— Clinical success rates were not evaluated for E. faecalis with MIC values

<8 mcg/mL, because no E. faecalis isolates had MIC values <8 mcg/mL.

— Clinical success rates were 83.3% for all E. faecalis with MIC values >16 mcg/mL.
— Microbiological eradication rates were not evaluated for E. faecalis with MIC
values <8 mcg/mL because no E. faecalis isolates had MIC values <8 mcg/mL.

— Microbiological eradication rates were 33.3% for E. faecalis with MIC values

>16 mcg/mL.

(b) (4),

Reviewer’s Comment
E. faecalis had poor microbiological eradication rates, however, this this not one of the
pathogens that the Applicant has listed in their indications.
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Table 88: Clinical Cure and Pathogen Eradication Rates at TOC by Ceftolozane-
Tazobactam MIC Value for Gram-Positive Aerobes and Enterococcus faecalis from
the Phase 3 cUTI Study

: Microbiological
%::?tﬂﬁ;’; Climical Sucoess Eradication

Baseline Infecting Pathozen MIC (mz/mL) n'N1 B n/N1 L2
Gram-Posfive Astobes 31-=64 17722 773 Qa2 408
32 43 g0.0 415 0.0

4 ] 100 4/6 66T

=4 &1z 66.7 12 16.7

Enterococcus fascalis 31-=64 15718 83113 a'1% 133
32 22 100 12 0.0

4 ] 100 4/6 66T
=4 710 7.0 /10 10.0

cUTI=complicated urinary tract infecticn; MIC=punimum mhibitory conceatration: mMITT=microbiclogical modifed ixtunt-io-
treat, n=mumbar of sebjects in specific category; Nl=mmmsber of subjocts in specified populaton with baseling pathogen
categories with the comesponding ceftolozanstazcbactam MIC value; TOC=test of cure
Somrce: M33.5.1wUTICEA-cUTI-10-04 and -05'Table 14.2.15.1 and Takle 14.2.20.1 {mAITT populatons)
Summary
Ceftolozane-tazobactam susceptibility (<8 mcg/mL) was associated with high rates of
microbiological eradication and clinical cure. Intrinsic resistance (MIC values >32
mcg/mL) to ceftolozane-tazobactam in the enterococci predicted microbiological
persistence and, therefore, composite failure in subjects treated with ceftolozane-
tazobactam. No label indication for E. faecalis is being requested. There was a better
association of microbiological eradication and MIC values than clinical cure and MIC
value.

Reviewer’s Comment

The CTX-M-14/15-producing Enterobacteriaceae isolates fell within the wild-type MIC
distribution. The number of isolates with higher MIC values was small, however, the
provisional susceptibility breakpoint criteria of susceptible @ was generally
predictive of higher clinical success rates and higher microbiological eradication rates
than MIC values >16 mcg/mL.

Correlation of Kirby-Bauer Zone Diameter Values With Clinical and
Microbiological Response in cUTI Study

Results in the mMITT population were similar to the ME at TOC population. The
ceftolozane-tazobactam zone diameter sizes ranged from 6 to 35 mm in the ceftolozane-
tazobactam-treated subjects and in the comparator-treated subjects. The clinical success
and microbiological cure rates were high in the ceftolozane-tazobactam treatment arm for
pathogens with ceftolozane-tazobactam zone diameters > 19 mm. In both treatment arms,
clinical response rates were higher than the microbiological response rates, which are
expected in this indication and due to asymptomatic bacteriuria that was detected at the
TOC visit [Nicolle, 2005]. No provisional susceptibility interpretive criteria were set for
the disk diffusion assay; therefore, these data were evaluated only after regression
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analysis was completed for the MIC to zone correlations from isolates from the Phase 3
program. Summaries for pathogen eradication and clinical cure for the key cUTI
pathogens are listed below:

Reviewer’s Comment

Disk Diffusion correlations are tentative since discussions are still ongoing within the
Agency regarding MIC and disk diffusion breakpoints. A more complete discussion of
disk diffusion correlation studies may be discussed in a subsequent review.

Enterobacteriaceae (N=353)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 6 to
35mm in the ceftolozane-tazobactam-treated subjects with the majority of isolates
between 18 and 30 mm.

* The number of pathogens was small at both zone size extremes, making correlations
with zone size and outcome difficult.

* Clinical cure rates and microbiological eradication rates were high for isolates at zone
diameters >19 mm.

* Applying the zone diameter proposed breakpoints resulted in differentiation in
microbiological eradication rates between susceptible (>19 mm), indeterminate (16 to
18 mm) and resistant (<15 mm) populations.

Reviewer’s Comment
The number of Enterobacteriaceae pathogens was small at both zone size extremes,
making correlations with zone size and outcome difficult.

E. coli (N=292)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 6 to 35
mm in the ceftolozane-tazobactam-treated subjects with the majority of isolates
between 18 and 30 mm.

* The number of pathogens was small at both zone size extremes.

* Clinical cure rates and microbiological eradication rates were high for isolates at zone
diameters > 19 mm.

» Applying the zone diameter proposed breakpoints resulted in differentiation in
microbiological eradication rates between susceptible (=19 mm), indeterminate (16
to18 mm), and resistant (<15 mm) populations.

E. coli CTX-M-14/15 (N=31)

* For the CTX-M-14/15 subpopulation of E. coli, the ceftolozane-tazobactam Kirby-
Bauer disk zone diameter values ranged from 6 to 28 mm in the ceftolozane-tazobactam-
treated subjects.

* There was no apparent association between clinical cure or pathogen eradication rates
and zone diameters in the ceftolozane-tazobactam treatment arm. The number of
pathogens was small at each zone size.
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K. pneumoniae (N=30)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 8 to 29
mm in the ceftolozane-tazobactam-treated subjects with the majority of isolates
between 18 and 30 mm.

* The number of pathogens was small at both zone size extremes.

* Clinical cure rates and microbiological eradication rates were high for isolates at each
zone diameter value.

 Applying the zone diameter proposed breakpoints differentiated between

susceptible and resistant populations.

K. pneumoniae CTX-M-14/15 (N=10)

* For the CTX-M-14/15 subpopulation of K. pneumoniae, the ceftolozane-tazobactam
Kirby-Bauer disk zone diameter values ranged from 12 to 22 mm in the
Ceftolozane-tazobactam-treated subjects.

* There was no apparent association between clinical cure or pathogen eradication rates
and zone diameters in the ceftolozane-tazobactam treatment arm. The number of
pathogens was small at each zone size.

P. mirabilis (N=12)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 10 to 29
mm in the ceftolozane-tazobactam-treated subjects.

* There was no apparent association between clinical cure and zone diameter in the
ceftolozane-tazobactam treatment arm. The number of pathogens was small at both
zone size extremes.

* Clinical cure rates and microbiological eradication rates were high for isolates at each
zone diameter value.

« Pathogen eradication rates in the ceftolozane-tazobactam treatment arm were 100%.
Therefore, applying the zone diameter proposed breakpoints did not result in
differentiation in clinical cure or microbiological eradication rates between

susceptible, intermediate and resistant populations.

P. aeruginosa (N=7)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 6 to 29
mm in the ceftolozane-tazobactam-treated subjects.

* There was no apparent association between clinical cure or pathogen eradication rates
and zone diameters in the ceftolozane-tazobactam treatment arm.

* The number of pathogens was small at each zone diameter.

* Overall, 6/7 subjects with P. aeruginosa were a clinical cure and 5/7 were a
microbiological eradication.

» Applying the zone diameter proposed breakpoints resulted in no differentiation in
clinical cure or microbiological eradication rates between susceptible, intermediate,
and resistant populations.
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E. faecalis (N=18)

* Gram-positive cocci with ceftolozane-tazobactam Kirby-Bauer disk zone diameter
values ranged from 6 to 12 mm in the ceftolozane-tazobactam-treated subjects.

* E. faecalis with ceftolozane-tazobactam Kirby-Bauer disk zone diameter values
ranged from 6 to 12 mm in the ceftolozane-tazobactam-treated subjects.

* Zone diameters <12 mm had poor microbiological eradication rates (33.3%
eradication).

* Clinical cure rates were higher (83.3%) and did not correlate well with zone
diameters.

 Applying the zone diameter proposed breakpoints resulted in differentiation between
microbiological eradication rates susceptible (=16 mm), indeterminate (12 to 15 mm),
and resistant (<11 mm) populations.

Summary

Overall, among the pathogens tested, Ceftolozane-tazobactam zone sizes of >19 mm
were associated with higher rates of microbiological eradication and clinical cure. Zone
diameters <11 mm were associated with intrinsic resistance and lower microbiological
success rates.

Pathogen Eradication, Outcome by MIC, and Outcome by Zone Diameter

Analysis for Complicated Intra-abdominal Infections

The primary efficacy endpoint for the cIAI study was to demonstrate the noninferiority of
ceftolozane-tazobactam plus metronidazole versus meropenem in adult subjects with
cIAl based on the difference in clinical cure rates at the TOC visit (26 to 30 days after the
initiation of study drug administration) in the Microbiological Intent-to-Treat (MITT)
population. In the analysis of clinical response for the primary efficacy outcome measure,
ceftolozane-tazobactam plus metronidazole met the statistical criteria for noninferiority to
meropenem at the TOC visit in the MITT and ME populations. Ceftolozane-tazobactam
plus metronidazole and meropenem achieved comparably high microbiological success
rates across the different populations.

Reviewer’s Comment
Based on the nature of the infection, few subjects had follow-up cultures taken and

microbiological outcomes were mostly presumed. The results for pathogen eradication,
outcome by MIC, and outcome by zone diameter were presented by clinical cure.
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Table 89: Primary and Secondary Analysis for Noninferiority of Clinical Response
at the TOC Visit (MITT and ME Populations) in the Phase 3 cIAI Study

Ceftolozane/
Tazobactam + Percentage
Metronidazole Meropenem Difference”
Analysis Clinical Response n (%) n (%) (95% CI)
Primary Allal}rsis" N=389 N=417
MITT Population Cure 323 (83.0) 364 (87.3) 4.2 (-8.91,0.54)
Failure 32(82) 3482
Indeterminate 34 (8.7 19 (4.6)
Secondary Analysis® N=175 N=321
ME Population Cure 250 (94.2) 304 (94.7) -1.0 (-4.52, 2.59)
Failure 16 (5.8) 17 (3.3)

eCRF=electronic case report form; Cl=confidence interval; clAT=complicated intra-abdonunal infection; N=mumber of subjects
in the specified population: n=munber of subjects in specific category, ME=microbiologically evaluable;
MITT=microbiclogical mtent-to-treat; TOC=test of cure.

* The 95% CI of the difference of (ceftolozane/tazobactam plus metronidazole) - meropenem is calculated as a 95% stratified

~ Newcombe CI with Mininmm Risk weights.

° Using a treatment failure approach, where indeterminate clinical responses are imputed as clinical fatlures.

The analysis 1s stratified by region and primary site of infection as recorded on the eCRF.

¢ Using a data-as-observed approach . the analysis is stratified by region and primary site of infection as recorded on the eCRF.

Note: Subjects from Site 1008-4024 and Site 1009-4227 are excluded from the analysis.

Source: M3.3.5. 1\cIAT\CHA-cIAI-10-08 and -09'Table 14.2.2.1.1

Pathogen Eradication Rates (cIAI)

The table below presents the per-subject microbiological success rates at the TOC visit in
the MITT, ME, and Expanded ME populations. Consistent with the clinical response
findings at the TOC visit, due to limited number of subjects with a follow-up intra-
abdominal culture, ceftolozane-tazobactam plus metronidazole and meropenem achieved
comparably high microbiological success rates across the different populations.
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cIAI Study (MITT, ME, and Expanded ME Populations)

Percent (%) Difference in
Microbiological Ceftolozane/ Tazobactam + Eradication
Response Metronidazole Meropenem Rate (95% CI)*
MITT Population

(IN=389) (N=417)
Microbiological Success’ 332 (85.3) 370 (88.7) -3.4(-8.09,1.26)
Microbiological Failure® 25(6.4) 28 (6.7)
Indeterminate 32(82) 19 (4.6)

ME Population

(N=275) (N=321)
Microbiological Success” 264 (96.00 307 (95.6) 0.4(-3.13.3.09)
Microbiological Failure® 11(4.0) 14 (44

Expanded ME Population

(IN=307) (N=345)
Microbiological Success® 203 (95.4) 326 (94.5) 0.9 (-2.59, 4 40)
Microbiological Failure® 14 (4.6) 19 (3.5)

CI=confidence interval; cIAT=complicated intra-abdominal infection; ME=microbiclogically evaluable; MITT=modified intent-
to-treat; n=number of subjects in specific category; N=number of subjects; Success=per-pathogen microbiclogical eradication
for all baseline infecting pathogens; TOC=test of cure.

Motes: Percentages are calewlated as 100 x (o/N).

* The 95% CI of the difference of ceftolozane/tazobactam phus metronidazole - meropenem are calcolated as Wilson Score Cls.

* Microbiological Success includes entries of “Eradication” and “Presumed Eradication™.

© Microbiological Failure includes entries of “Persistence” and “Presumed Persistence™.

Source: M5.3.5 1'cIATVCXA-c[AT-10-08 and -09'Table 14.2 4.1, Table 14242, and Table 14.2.4.3

The table below presents the microbiologic eradication rates by baseline intra-abdominal
pathogen at the TOC visit for the ME at TOC population for the most common cIAI
pathogens. Overall, ceftolozane-tazobactam was efficacious at eradicating gram-negative
pathogens causing cIAl. The highest microbiological eradication rates (100%) were noted
for ceftolozane-tazobactam against P. aeruginosa, K. pneumoniae and S. salivarius and
these were comparable to meropenem eradication rates. The 95% CI included zero for all
pathogens except the Staphylococcus spp. group. Of the Enterobacteriaceae, the lowest
microbiological eradication rates were noted for E. cloacae (85.7%). The CI intervals
tended to be broad, reflecting the relatively small sample size of some of these subgroups
of pathogens. The results in the MITT population were similar to the Expanded ME and
ME populations.
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Table 91: Per-Pathogen Microbiologic Eradication Rates (Outcomes) at the TOC
Visit in the Phase 3 cIAI Study (ME Population)

Ceftolozane/
Tazobactam +

Metronidazole Meropenem
(N=275) (N=321) Percent (%) Difference
Baseline Pathogen Category n/N1 % n/N1 %o (95% CI)
Organism Group Gram-Negartive Aerobes
Gram-Negative Aerobes 234/243 063 269/282 054 0.9 (-2.80, 4.48)
Enterobacteriaceae 2237232 96.1 2537266 051 1.0(-2.88.477)
Enterobacter cloacae 18121 857 22122 100 -143 (-3464,3.25)
Escherichia coli 193/201 96.0 214/225 95.1 0.9(-3.34, 5.05)
Kiebsiella pneumoniae 28/28 100 22125 88.0 12.0(-2.38, 29.96)
Proteus mirabilis 10/11 90.9 9/10 00.0 0.9 (-28.80,32.23)
Pseudomonas aeruginosa 25/25 100 28/28 100 0.0 (-13.32, 12.06)
Gram-Positive Aerobes
Gram-Positive Aerobes 131/141 92.9 158/167 94.6 17 (-7.73,3.84)
Enterococcus faecalis 28/32 87.5 33/35 043 -6.8 (-22.89, 8.14)
Enterococcus faecium 18/20 90.0 36/37 97.3 -7.3(-27.52, 5.96)
Streptococcus anginosus 28/30 033 23/23 100 -6.7 (-21.32, 8.43)
Streprococcus constellafus 17/18 o4 4 21/23 013 3.1(-18.01. 21.81)
Streptococcus salivarius 10/10 100 8/8 100 0.0 (-27.75.32.44)
Gram-Negative Anaerobes
Gram-Negative Anaerobes 107/100 08.2 134/137 a7.8 0.4 (448 462)
Bacteroides fragilis 30/41 951 56/57 082 -3.1(-14.48,5.20)

CI=Cenfidence interval (based on Wilson score); cIAl=complicated intra-abdominal infection; ME=microbiolegically evaluable;
n=number of subjects in specific category, N=number of subjects in population; N1=number of subjects with baseline pathogen
category/'pathogen; TOC=test of cure

Notes: Percentages are calculated as 100 x (n/IN1).

Subjects are counted in the worst response category within baseline pathogen categery and organism group.
Eradication and presumed eradication count as eradication.
Source: M5.3.5 I'cIATVCXA-cTAT-10-08 and -09\Table 14.2.3.2.

A total of 58 subjects in the MITT population had baseline intra-abdominal pathogens
that were confirmed to be ESBL-positive, including 29 in each arm (7.5% versus 7.0% of
subjects in the ceftolozane-tazobactam plus metronidazole versus meropenem treatment
arms, respectively).

Of the 58 subjects with ESBL-positive pathogens, clinical cure rates were comparable
across treatment arms with 25/29 (86.2%) versus 24/29 (82.8%) subjects in the

ceftolozane-tazobactam plus metronidazole versus meropenem treatment arms,
respectively. Clinical cure rates for subjects with E. coli with CTX-M-14 or CTX-M-15
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ESBLs (with or without other ESBLs) were 9/11 (81.8%) and 8/11 (72.7%) for the
ceftolozane-tazobactam plus metronidazole and meropenem treatment arms, respectively.

Table 92: Summary of By-Pathogen Clinical Cure by ESBL Status of Baseline
Pathogen at TOC Visit in Phase 3 cIAI Study (MITT Population)

Ceftolozane/ Tazobactam +
Meironidazole Meropenem
Baseline Parthogen (N=389) (N=417)
ESBL Status n/N1 %o /N1 %
Escherichia coli
All ESBL Producer 14/16 875 19/23 826
All CTX-M-14/15 0/11 81.8 8/11 727
No ESBL 3/4 75.0 5/5 100
Klebsiella pneumoniae
All ESBL Producer 8/9 88.9 3/4 75.0
All CTX-M-14/15 6/8 100 0/1 0
No ESBL 0 0 0 0

clAl=complicated mtra-abdominal infection; ESBL=Extended spectrum [-lactamase; MITT=modified intent-to-treat; n=number
of subjects in specific category; N=number of subjects in MITT populaticn; N1=number of subjects with the specified ESBL
status for the specified pathogen; TOC=test of cure

Notes: Percentages are calculated as 100 x (n/N1).
All ESBI producer includes any enzyme. All CTX-M-14/15 includes CTX-M-14, CTX-M-15, CTX-M-15-like. All CTX-M-
14/15 1s a subgroup of all ESBL producers. No ESBL=All negative ESBL based on molecular characterization.

Only pathogens with molecular testing complete at database lock are included in the table.

Source: M5.3.5.1'cIANCXA-cTAL-10-08 and -09\Table 14.2.18.1

* A total of 8 subjects in the MITT population had baseline intra-abdominal

P. aeruginosa overexpressing AmpC, including 5 and 3 subjects in the
ceftolozane-tazobactam plus metronidazole versus meropenem treatment arms,
respectively.

* Of the 8 subjects in the MITT population, clinical cure rates were comparable across
treatment arms (80% versus 100% in ceftolozane-tazobactam plus metronidazole
versus meropenem treatment arms, respectively), but the low incidence of these
pathogens limited the ability to draw any conclusions. The clinical cure rate was
100% in both treatment arms in the ME population.

Correlation of MIC Values With Clinical and Microbiological Response in cIAI

The results in the MITT population were similar to the expanded ME population.

The ceftolozane-tazobactam MIC values ranged from 0.03 to 256 mcg/mL in the
Ceftolozane-tazobactam-treated subjects and in the comparator-treated subjects. Overall,
baseline resistance to ceftolozane-tazobactam or meropenem was rare among Gram-
negative aerobic pathogens. In each analysis population, ceftolozane-tazobactam had
MIC values of <2 mcg/mL against the vast majority of aerobic Gram-negative pathogens,
with very few pathogens having an MIC of >16 mcg/mL. High cure rates were associated
with ceftolozane-tazobactam MIC values <8 mcg/mL. Outcomes by MIC for anaerobes
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were summarized, but the MIC values to ceftolozane-tazobactam may not have been
relevant as the majority were susceptible to metronidazole. Summaries for pathogen
eradication and clinical cure for the key baseline cIAl pathogens in the expanded ME
population are listed below:

Enterobacteriaceae (N=233)

* Ceftolozane-tazobactam MIC values ranged from 0.06 to 128 mcg/mL in the
ceftolozane-tazobactam plus metronidazole-treated subjects with the majority of values
between 0.125 to 2 meg/mL.

* The overall clinical cure rate was 94.0% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with Enterobacteriaceae at baseline.

* The number of pathogens was small at the higher MIC values.

* The distribution of MIC values in the combined surveillance studies for the
Enterobacteriaceae were similar to the MIC values obtained in the clinical studies.

* Applying the provisional breakpoint of B

— Clinical success rates were 94.4% for Enterobacteriaceae with MIC values

<8 mcg/mL.

— Clinical success rates were 85.7% Enterobacteriaceae with MIC values

>16 mcg/mL.

Table 93: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Enterobacteriaceae from the Phase 3 cIAI Study (Expanded ME)

Ceftolozane/ Tazobactam
Baseline Infecting Pathogen MIC (ng/mL) n/N1 Percent (%)
Enterobacteriaceae 0.06-128 219/233 240
0.06 33 100
0.125 79/81 075
025 151/162 032
05 48/51 041
1 23123 100
2 9/11 818
4 313 100
8 3/4 75.0
16 33 100
64 23 66.7
128 1/1 100

cIAl=complicated intra-abdominal infection; ME=microbiclogically evaluable; MIC= mintmmm inhibitory concentration;
n=mumber of subjects within a specific category; N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftelozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are calcwlated as 100 x (o/IN).

Source: M3.3.5 1'cIATVCKA cTAL-10-08 and -09"Table 14.2.12.2

C. freundii (N=T7)

* Ceftolozane-tazobactam MIC values ranged from 0.25 to 2 mcg/mL in the ceftolozane-
tazobactam plus metronidazole-treated subjects.

* The overall clinical cure rate was 100% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with C. freundii at baseline.

* Applying the provisional breakpoint of B

— Clinical success rates were 100% for C. freundii with MIC values <8 mcg/mL.
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— Clinical success rates were not evaluated for C. freundii with MIC values
>16 mcg/mL, because no C. freundii isolates had MIC values >16 mcg/mL.

Table 94: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Citrobacter freudii from the Phase 3 cIAI Study (Expanded ME)

Cefiolozane/Tazobactam
Baseline Infecting Pathogen MIC (pg/mL) n/N1 Percent (%)
Citrobacter freundii 0.25-2 717 100
0.25 5/5 100
05 313 100
1 111 100
2 171 100

cIAT=complicated intra-abdominal infection; ME=microbiclogically evaluable: MIC= minimmm inhibitory concentration:
n=number of subjects within a specific category; N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftolozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are caleulated as 100 x (n/N).

Source: M53.5.1'cIATNCXA-c[AI-10-08 and -09\Table 14.2.12.2

E. coli (N=200)

* Ceftolozane-tazobactam MIC values ranged from 0.06 to 128 mcg/mL in the
ceftolozane-tazobactam plus metronidazole-treated subjects with the majority of
isolates between 0.125 and 0.5 mcg/mL.

* The overall clinical cure rate was 94.5% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with E. coli at baseline.

* Clinical cure rates were high at MIC values <128 mcg/mL; isolates at MIC values
>0.5 mcg/mL were not common.

* The number of pathogens was small at higher MIC values making correlations
between failure and higher MICs difficult.

* The distributions of MIC values in the combined surveillance studies for E. coli were
similar to the MIC values obtained for E. coli in the clinical studies.

* Applying the provisional breakpoint of B

— Clinical success rates were 95.2% for all E. coli with MIC values <8 mcg/mL.

— Clinical success rates were 100% for all E. coli with MIC values >16 mcg/mL.

E. coli CTX-M-14/15 (N=9)

* For the CTX-M-14/15 subpopulation of E. coli, the ceftolozane-tazobactam MIC
values ranged from 0.25 to 4 mcg/mL in the ceftolozane-tazobactam- plus
metronidazole treated subjects.

* All subjects with a CTX-M-14/15 positive E. coli were clinical cures.

« It is notable that the presence or absence of CTX-M-14/15 does not appear to
correlate with any change in clinical cure rates compared with the general E. coli
population.
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Table 95: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Escherichia coli From the Phase 3 cIAI Study (Expanded ME)

Ceftolozane/Tazobactam
Baseline Infecting Pathogen MIC (ng/mL) n/N1 Percent (%)
Escherichia coli 0.06-128 189/200 04 .5
0.06 212 100
0.125 72/13 08.6
0.25 125/135 02.6
0.5 25/25 100
1 8/8 100
2 5/6 833
4 11 100
64 11 100
128 1/1 100
Escherichia coli (CTX-M-14/15) 025-4 9/9 100
0.25 212 100
0.5 11 100
1 3/3 100
2 22 100
4 1/1 100

clAl=complicated intra-abdominal infection; ME=microbiologically evaluable; MIC= punimum inhibitory concentration;
p=number of subjects within a specific category; N1=number of subjects i specified population with baseline pathogen
categories with the corresponding cefiolozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are calculated as 100 x (n/N).

Source: MS5.3.5. 1'cIATVCXA-cIAT-10-08 and -09"Table 14.2.12.2, M5.3.5. 1'cIATVCX A-cIAI-10-08 and -09'Listing 16.2.6.2 and
M3.3.5 1'% IATCXA cTAT-10-08 and 09" Listing 16.2.6.3

K. oxytoca (N=12)

* Ceftolozane-tazobactam MIC values ranged from 0.125 to 1 mcg/mL in the
ceftolozane-tazobactam plus metronidazole- treated subjects with the majority of
isolates at 0.25 mcg/mL.

* Overall clinical response was 100% for subjects in the ceftolozane-tazobactam plus
metronidazole arm with K. oxytoca at baseline.

* Clinical cure rates were high at MIC values <1 mcg/mL.

* The distribution of MIC values in the combined surveillance studies for K. oxytoca
was similar to the MIC values obtained for K. oxyfoca in the clinical studies.

* Applying the provisional breakpoint of B

— Clinical success rates were 100% for K. oxyfoca with MIC values <8 mcg/mL.

— Clinical success rates were not evaluated for K. oxyfoca with MIC values

>16 mcg/mL, because no K. oxytoca isolates had MIC values >16 mcg/mL.
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Table 96: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Klebsiella oxytoca from the Phase 3 cIAl Study (Expanded ME)

Cefrolozane/Tazobactam

Baseline Infecting Pathogen MIC (pg/mL) n/N1 Percent (%)
Kiebsiella oxyroca 0.125-1 12112 100
0.125 4/4 100
0.25 o/9 100
0.5 1/1 100

1 1/1 100

cl[AT=complicated intra-abdominal infection; ME=microbiclogically evaluable; MIC= minimmm inhibitory concentration;
n=number of subjects within a specific category; N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftolozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are caleulated as 100 x (n/N).

Source: MS5.3.5. 1'eIATWCXA cTAT-10-08 and -09"Table 14.2.12.2

K. pneumoniae (N=28)

* Ceftolozane-tazobactam MIC values ranged from 0.06 to 64 mcg/mL in the
ceftolozane-tazobactam plus metronidazole- treated subjects with the majority of isolates
at an MIC of 0.25 mcg/mL.

* The number of pathogens was small at each MIC value.

* Overall clinical response was 92.9% for subjects in the ceftolozane-tazobactam plus
metronidazole treatment arm with K. pneumoniae at baseline.

* Clinical cure rates were high at MIC values <8 mcg/mL; isolates at the higher MIC
values were not common.

* The distribution of MIC values in the combined surveillance studies for the

K. pneumoniae were similar to the MIC values obtained for K. pneumoniae in the
clinical studies.

* Applying the provisional breakpoint of
— Clinical success rates were 96.4% for K. pneumoniae with MIC values <8 mcg/mL.
— Clinical success rates were 66.7% for K. pneumoniae with MIC values >16 mcg/mL.

(b) (4)

K. pneumoniae CTX-M-14/15 (N=4)

* For the CTX-M-14/15 subpopulation of K. pneumoniae, the ceftolozane-tazobactam
MIC values ranged from 1 to 16 mcg/mL in the ceftolozane-tazobactam-treated
subjects.

* All subjects with a CTX-M-14/15 positive K. pneumoniae were clinical cure.

* High clinical cure rates were associated with MIC values <8 mcg/mL.

* The presence or absence of CTX-M-14/15 did not appear to

correlate with any change in clinical cure rates.
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Table 97: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Klebsiella pneumoniae from the Phase 3 cIAl (Expanded ME)

Ceftolozane/
Tazobactam
Baseline Infecting Pathogen MIC (ng/mL) n/N1 Percent (%)
Klebsiella pnewmoniae 0.06 - 64 26/28 929
0.06 1/1 100
0.25 15/16 038
0.5 6/6 100
1 22 100
2 22 100
3 1/1 100
16 272 100
64 0/1 0
Klabsialla pneumoniae (CTX-M-14/15) 1-16 4/4 100
1 1/1 100
2 1/1 100
3 1/1 100
16 1/1 100

c[AT=complicated intra-abdominal infection; ME=microbiologically evaluable; MIC= nunimum inhibitory concentration;
n=number of subjects within a specific category: N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftolozane/tazobactam MIC value; TOC=test of cure.

MNotes: Percentages are calculated as 100 x (o/N).

Source: M5.3.5.1'cIANNCKA-cAI-10-08 and -09'\Table 14.2.12.2 M5 .3.5. 1'cIATCHA-cIAI-10-08 and -09'Listing 16.2.6.2 and
M353.5 1] ATCEA-cTAL-10-08 and -09'Listing 16.2.6.3

P. mirabilis (N=11)

* Ceftolozane-tazobactam MIC values ranged from 0.25 to 16 mcg/mL in the
ceftolozane-tazobactam plus metronidazole-treated subjects with the majority of isolates
at 0.5 mcg/mL.

* Overall clinical response was 90.9% for subjects in the ceftolozane-tazobactam plus
metronidazole treatment arm with P. mirabilis at baseline.

* The number of pathogens were small at most MIC values.

* Clinical cure rates were high at MIC values <8 mcg/mL; isolates at higher MIC values
were not common.

* The distribution of MIC values in the combined surveillance studies for the P. mirabilis
were similar to the MIC values obtained for P. mirabilis in the clinical studies.

* Applying the provisional breakpoint of -

— Clinical success rates were 83.3% for P. mirabilis with MIC values <8 mcg/mL.

— Clinical success rates were 100% for P. mirabilis with MIC values >16 mcg/mL.
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Table 98: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Proteus mirabilis from the Phase 3 cIAl Study (Expanded ME)

Ceftolozane/Tazobactam
Baseline Infecting Pathogen MIC (ng/mL) n/N1 Percent (%)
Proteus mirabilis 025-16 10/11 Q0.9
025 0/1 0
0.5 0/10 00.0
1 11 100
16 1711 100

clAl=complicated intra-abdominal infection; ME=microbiologically evaluable; MIC= mininmm inhibitory concentration:
n=number of subjects within a specific category; Nl=number of subjects in specified population with baseline pathogen
categories with the corresponding cefiolozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are calculated as 100 x (n/IN).

Source: M5.3.5.1'cIATVCXA-cTAT-10-08 and -09'Table 14.2.12.2

E. cloacae (N=22)

* Ceftolozane-tazobactam MIC values ranged from 0.125 to 64 mcg/mL in the
ceftolozane-tazobactam plus metronidazole-treated subjects, with the majority of isolates
between MIC values of 0.25 and 1 mcg/mL.

* Overall clinical cure rates were 86.4% for subjects in the ceftolozane-tazobactam plus
metronidazole arm with E. cloacae at baseline.

* Clinical cure rates were high at MIC values <8 mcg/mL; isolates at higher MIC values
were not common.

* The number of pathogens was small at most MIC values.

* The distribution of MIC values in the combined surveillance studies for the

E. cloacae were similar to the MIC values obtained for E. cloacae in the clinical

studies.

* Applying the provisional breakpoint of
— Clinical success rates were 78.6% for all E. cloacae with MIC values <8 mcg/mL.
— Clinical success rates were 100% for all E. cloacae with MIC values >16 mcg/mL.

(b) (4),

Table 99: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Enterobacter cloacae From the Phase 3 cIAI Study (Expanded ME)

Ceftolozane/Tazobactam
Baseline Infecting Pathogen MIC (ng/mL) /N1 Percent (%)
Enterobacter cloacae 0.125- 64 19/22 864
0.125 0/1 0
025 0/10 200
05 6/7 857
1 4/4 100
2 02 0
4 2/2 100
8 1/2 50.0
16 1/1 100
64 1/1 100

cIAT=complicated intra-abdominal infection; ME=microbiclogically evaluable; MIC= minimmm inhibitory concentration;
n=number of subjects within a specific category: N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftolozane /tazobactam MIC value; TOC=test of cure.

Notes: Percentages are calculated as 100 x (n/IN).

Source: M5.3.5 1'cIATNCEA-cTAI-10-08 and -09"Table 142.12.2
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P. aeruginosa (N=24)

* Ceftolozane-tazobactam MIC values ranged from 0.03 to 4 mcg/mL in the ceftolozane-
tazobactam plus metronidazole treated subjects with the majority of isolates with MIC
values of 0.5 and 1 mcg/mL.

* The overall clinical cure rate was 100% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with P. aeruginosa at baseline.

* Clinical cure rates were high at MIC values <8 mcg/mL.

* Because of the high success rate, no association between clinical cure rates and MIC
values could be made.

* Applying the provisional breakpoint of
— Clinical success rates were 100% for all P. aeruginosa with MIC values

<8 mcg/mL.

— Clinical success rates were not evaluated for P. aeruginosa with MIC values
>16 mcg/mL, because there were no P. aeruginosa isolates with MIC values >16
mcg/mL.

(b) (4),

Table 100: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Pseudomonas aeruginosa from the Phase 3 cIAl Study (Expanded ME)

Ceftolozane/Tazobactam

: . MIC (ng/mL) . .
Baseline Infecting Pathogen n/N1 Percent (%)
Pseudomonas aeruginosa 003-4 24/24 100

0.03 11 100
0.5 10/10 100
1 13/13 100

2 11 100

4 111 100

c[AT=complicated intra-abdominal infection; ME=microbiclegically evaluable; MIC= mininmm inhibitory concentration;
n=number of subjects within a specific category; N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftolozane/tazobactam MIC value; TOC=test of cure.

Motes: Percentages are calculated as 100 x (n/N).

Sovrce: M5.3.5.1'cIATVCKA-cTAT-10-08 and -09'Table 14.2.12.2 (expanded ME population)

Gram-negative Anaerobes (N=101)
* Ceftolozane-tazobactam MIC values ranged from 0.03 to 256 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects.

Reviewer’s Comment
Outcomes by MIC for anaerobes are summarized, but the ceftolozane-tazobactam MIC

may not be related to success as the majority of isolates were susceptible to
metronidazole.
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B. fragilis (N=40)

* Ceftolozane-tazobactam MIC values ranged from 0.06 to 32 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects with the majority of isolates
with MIC values of 0.125 to 1 mcg/mL.

* The overall clinical cure rate was 97.5% for subjects in the ceftolozane-tazobactam plus
metronidazole arm with B. fragilis at baseline.

* Clinical cure rates were high at MIC values < 32 mcg/mL

Reviewer’s Comment
Because of the high success rate for B. fragilis, no association between clinical cure rates
and MIC values could be made.

Table 101: Clinical Cure Rates at TOC by Ceftolozane-Tazobactam MIC Values for
Bacteroides spp. from the Phase 3 cIAI Study (Expanded ME)

Ceftolozane/
Tazobactam
Baseline Infecting Pathogen MIC (pg/mL) /N1 Percent (%)

Bacteroides fragilis 0.06-32 39/40 7.5
0.06 22 100
0.125 9/10 20.0

0.25 13/13 100

0.5 1515 100

1 7 100

2 111 100

4 1/1 100

8 1/1 100

32 1/1 100

Bacteroides avatus 0.06 - 256 36137 973
0.06 111 100

0.125 1/1 100

0.5 33 100

2 212 100

4 6/6 100

8 12112 100

16 7 100

32 8/8 100

64 7 100

256 0/1 0

Bacteroides thetaiotaomicron 0.125-64 18/18 100
0.125 111 100

0.5 1/1 100

16 212 100

32 14/14 100

64 22 100

Bacteraides vulgatus 1-16 12/13 923
1 1/1 100

4 212 100

8 505 100

16 5/6 83.3

cIAl=complicated intra-abdeminal infection; ME=microbiclogically evaluable; MIC= mininmm inhibitory concentration;
n=number of subjects within a specific category; N1=number of subjects in specified population with baseline pathogen
categories with the corresponding ceftolozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are caleulated as 100 x (n/IN).

Source: M3.3.5. 1'eIATVCXA-cTAT-10-08 and -09\Table 14.2.12.2
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B. ovatus (N=37)

* Ceftolozane-tazobactam MIC values ranged from 0.06 mcg/mL to 256 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects with the majority of isolates
with MIC values of 4 mcg/mL to 64 mcg/mL.

* The overall clinical cure rate was 97.3% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with B. ovatus at baseline.

* Clinical cure rates were high at MIC values < 64 mcg/mL.

B. thetaiotaomicron (N=18)

* Ceftolozane-tazobactam MIC values ranged from 0.125 mcg/mL to 64 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects with the majority of
isolates with MIC values of 16 mcg/mL to 64 mcg/mL.

* The overall clinical cure rate was 100% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with B. thetaiotaomicron at baseline.

* Clinical cure rates were high at MIC values <64 mcg/mL.

B. vulgatus (N=13)

* Ceftolozane-tazobactam MIC values ranged from 1 mcg/mL to 16 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects with the majority of
isolates with MIC values of 4 mcg/mL to 16 mcg/mL.

* The overall clinical cure rate was 92.3% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with B. thetaiotaomicron at baseline.

* Clinical cure rates were high at MIC values <16 mcg/mL.

E. avium, E. faecalis and E. faecium

* Ceftolozane-tazobactam MIC values were >32 mcg/mL for E. avium, E. faecalis and
E. faecium.

* Despite the lack of activity of ceftolozane-tazobactam against E. avium,

E. faecalis and E. faecium high microbiological eradication rates of 63/72 (87.5%)
and 83/90 (92.2%) were demonstrated in the ceftolozane-tazobactam plus
metronidazole and meropenem treatment arms, respectively.

S. anginosus (N=30)

* Ceftolozane-tazobactam MIC values ranged from 0.125 mcg/mL to 16 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects with the majority of isolates
with MIC values of 2 mcg/mL to 8 mcg/mL.

* The overall clinical cure rate was 83.3% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with S. anginosus at baseline.

* Clinical cure rates were high at MIC values <16 mcg/mL.

* The distribution of MIC values in the combined surveillance studies for the

S. anginosus were similar to the MIC values obtained for S. anginosus in the cIAl
clinical study.

» Applying the provisional breakpoint of B
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— Clinical success rates were 86.8% for S. anginosus with MIC values <8 mcg/mL.
— Clinical success rates were 100% for S. anginosus with MIC values >16 mcg/mL.

S. constellatus (N=18)

* Ceftolozane-tazobactam MIC values ranged from 0.06 mcg/mL to 8 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects with the majority of isolates
with MIC values of 2 mcg/mL to 8 mcg/mL.

* The overall clinical cure rate was 94.4% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with S. constellatus at baseline.

* Clinical cure rates were high at MIC values <8 mcg/mL.

* The distribution of MIC values in the combined surveillance studies for the

S. constellatus were similar to the MIC values obtained for S. constellatus in the clAl
clinical study.

* Applying the provisional breakpoint of
— Clinical success rates were 94.4% for S. constellatus with MIC values <8 mcg/mL.

— Clinical success rates were not evaluated for S. constellatus isolates with MIC values
>16 mcg/mL, because there were no S. constellatus with MIC values >16 mcg/mL.

(b)(4),

S. salivarius (N=10)

* Ceftolozane-tazobactam MIC values ranged from 0.25 mcg/mL to 2 mcg/mL in the
ceftolozane-tazobactam plus metronidazole treated subjects.

* The overall clinical cure rate was 90.0% for subjects in the ceftolozane-tazobactam
plus metronidazole arm with S. salivarius at baseline.

* Clinical cure rates were high at MIC values <2 mcg/mL.

* The distribution of MIC values in the combined surveillance studies for the

S. salivarius were similar to the MIC values obtained for S. salivarius in the cIAl
clinical study.

* Applying the provisional breakpoint of
— Clinical success rates were 90% for S. salivarius with MIC values <8 mcg/mL.
— Clinical success rates were not evaluated for S. salivarius with MIC values
>16 mcg/mL, because there were no S. salivarius isolates with MIC values

>16 mcg/mL.

(b)(4),
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Table 102: Clinical Cure rates at TOC by Ceftolozane-Tazobactam MIC Values for
Streptococcus spp from the Phase 3 cIAl Study (Expanded ME)

Ceftolozane/Tazobactam
Baseline Infecting Pathogen MIC (ng/mL) /N1 Percent %
Streptococcus anginosus 0.125-16 25730 833
0.125 11 100
0.25 171 100
1 171 100
2 8/10 80.0
4 13/15 86.7
3 9/10 00.0
16 22 100
Streptococcus constellatus 006-8 1718 04 4
0.06 171 100
0.125 171 100
025 272 100
05 11 100
1 171 100
2 313 100
4 11/12 01.7
3 4/4 100
Streptococcus salivarius 0.25-2 9/10 00.0
025 272 100
05 177 100
1 12 50.0
2 1/1 100

cIAT=complicated intra-abdominal infection; ME=microbiologically evaluable; MIC= mumnmm inhibitory concentration:
n=munber of subjects within a specific category; Nl=number of subjects m specified population with baseline pathogen
categories with the cerresponding ceftolozane/tazobactam MIC value; TOC=test of cure.

Notes: Percentages are calculated as 100 x (n/IN).

Source: M5.3.5. 1'cIAT'CXA-cIAI-10-08 and -09'Table 14.2.12.2

Summary

Ceftolozane-tazobactam susceptibility (<8 mcg/mL) was associated with high rates of
clinical cure across species. The presence of CTX-M-14/15 did not adversely affect the
cure rate and the CTX-M-14/15 E. coli and K. pneumoniae MIC distribution fell into the
Enterobacteriaceae distribution. Though the number of isolates with higher MIC values
was small, the provisional susceptibility interpretive breakpoints were predictive of
generally higher clinical cure rates for isolates with MIC values @@ compared to
MIC values >16 mcg/mL.

Correlation of Kirby-Bauer Zone Diameter Values with Clinical and
Microbiological Response in cIAI Study

A summary of the clinical cure rates by ceftolozane-tazobactam zone diameter values is
shown in their respective sections below. Summaries of clinical response at the TOC visit
by zone diameter of the baseline pathogens in the MITT and expanded ME populations
were provided. Overall, the results in the MITT population were similar to the expanded
ME population.
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The ceftolozane-tazobactam Kirby-Bauer zone diameters ranged from 6 to 42 mm in the
ceftolozane-tazobactam plus metronidazole-treated subjects and in the comparator-treated
subjects. Overall, baseline resistance to ceftolozane-tazobactam or meropenem was rare
among Gram-negative aerobic pathogens. The clinical cure rates were high in the
ceftolozane-tazobactam arm for pathogens with ceftolozane-tazobactam zone diameters
>19 mm. Summaries for the clinical cure rates by zone diameter for the key baseline cIAI
pathogens in the expanded ME population are listed below:

Enterobacteriaceae (N=233)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 6 to
36 mm in the ceftolozane-tazobactam treated subjects with the majority of isolates
with ceftolozane-tazobactam zone diameters >19 mm.

 There was no apparent association between clinical cure and zone diameter in the
ceftolozane-tazobactam treatment arm. The number of pathogens was small at both
zone size extremes.

* Clinical cure rates were high for isolates at each zone diameter value.

» Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible (>19 mm), intermediate (16-18mm) and
resistant (<15 mm) populations.

C. freundii (N=7)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 19 to
28 mm in the ceftolozane-tazobactam treated subjects.

* Overall clinical response was 100% for subjects in the ceftolozane-tazobactam arm
with C. freundii at baseline.

* Clinical Cure rates were high for isolates with zone diameters >19 mm.

E. coli (N=200)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 15 to
36 mm in the ceftolozane-tazobactam treated subjects with the majority of isolates
between 20 and 30 mm.

 There was no apparent association between clinical cure and zone diameter in the
ceftolozane-tazobactam treatment arm. The number of pathogens was small at both
zone size extremes.

* Clinical Cure rates were high for isolates with zone diameters >15 mm.

» Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible, intermediate, and resistant populations.

E. coli CTX-M-14/15 (N=9)

* In the CTX-M-14/15 sub-population of E. coli the ceftolozane-tazobactam Kirby-
Bauer disk zone diameter values ranged from 17 to 26 mm in the
ceftolozane-tazobactam treated subjects.

* All subjects with a CTX-M positive E. coli were clinical cure.

* High clinical cure rates were associated with ceftolozane-tazobactam zone diameters
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of >17 mcg/mL.

* The presence or absence of CTX-M-14/15 does not appear to

correlate with any change in clinical cure rates.

K. oxytoca (N=12)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 18 to
29 mm in the ceftolozane-tazobactam treated subjects.

* Overall clinical response was 100% for subjects in the ceftolozane-tazobactam arm
with K. oxytoca at baseline.

* Clinical Cure rates were high for isolates with zone diameters >18 mm.

* Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible, intermediate, and resistant populations.

K. pneumoniae (N=28)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 6 to
30 mm in the ceftolozane-tazobactam treated subjects with the majority of isolates
with zone diameters > 15 mm.

 There was no apparent association between clinical cure and zone diameter in the
ceftolozane-tazobactam treatment arm. The number of pathogens was small at both
zone size extremes.

* Clinical cure rates were high for isolates at each zone diameter value.

K. pneumoniae CTX-M-14/15 (N=4)

* In the CTX-M sub-population of K. pneumoniae the ceftolozane-tazobactam Kirby-
Bauer disk zone diameter values ranged from 6 to 18 mm in the
ceftolozane-tazobactam treated subjects.

* All subjects with a CTX-M positive K. pneumoniae were clinical cure.

* High clinical cure rates were associated with all zone diameters.

* The presence or absence of CTX-M-14/15 does not appear to

correlate with any change in clinical cure rates.

P. mirabilis (N=11)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 12 to
27 mm in the ceftolozane-tazobactam treated subjects.

 There was no apparent association between clinical cure and zone diameter in the
ceftolozane-tazobactam treatment arm. The number of pathogens was small at all
zone diameters.

* Clinical Cure rates were high for isolates with zone diameters >16 mm.

» Applying the zone diameter proposed breakpoints resulted in clear differentiation in
clinical cure rates between susceptible, intermediate, and resistant populations.

E. cloacae (N=22)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 9 to
29 mm in the ceftolozane-tazobactam treated subjects.

* The number of pathogens were small at each zone diameter.
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» Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible, intermediate and resistant populations.

P. aeruginosa (N=24)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 20 to
33 mm in the ceftolozane-tazobactam treated subjects.

* The overall clinical cure rate was 100% for subjects in the ceftolozane-tazobactam
arm with P. aeruginosa at baseline.

* Clinical cure rates were high for all zone diameters.

* Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible, intermediate, and resistant populations as all
isolates were susceptible to ceftolozane-tazobactam.

E. avium, E. faecalis and E. faecium

* In the ceftolozane-tazobactam treatment arm, the ceftolozane-tazobactam zone
diameters were < 11 mm for E. avium, E. faecalis and E. faecium.

* Despite the lack of activity of ceftolozane-tazobactam against E. avium,

E. faecalis and E. faecium (zone diameters < 11mm), high microbiological
eradication rates were demonstrated in the ceftolozane-tazobactam plus metronidazole
and meropenem treatment arms, respectively. Therefore no correlation between zone
diameter and outcome was noted.

S. anginosus (N=30)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 13 to
27 mm in the ceftolozane-tazobactam treated subjects.

* The overall clinical cure rate was 83.3% for subjects in the ceftolozane-tazobactam
arm with S. anginosus at baseline.

* Clinical cure rates were high at zone diameters >16 mm.

» Applying the zone diameter proposed breakpoints resulted in differentiation in
clinical cure rates between susceptible and intermediate. No resistant population was
present.

S. constellatus (N=18)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 13 to
28 mm in the ceftolozane-tazobactam treated subjects.

* The overall clinical cure rate was 94.4% for subjects in the ceftolozane-tazobactam
arm with S. constellatus at baseline.

* Clinical cure rates were high at zone diameters >13 mm.

» Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible, intermediate, and resistant populations.
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S. salivarius (N=10)

* Ceftolozane-tazobactam Kirby-Bauer disk zone diameter values ranged from 15 to
29 mm in the ceftolozane-tazobactam treated subjects.

* The overall clinical cure rate was 90.0% for subjects in the ceftolozane-tazobactam
arm with S. salivarius at baseline.

* Clinical cure rates were high at zone diameters >15 mm.

» Applying the zone diameter proposed breakpoints did not result in differentiation in
clinical cure rates between susceptible, intermediate and resistant populations.
Anaerobes were not tested by disk diffusion at the central laboratory.

Summary

Ceftolozane-tazobactam zone sizes of >19 mm for Gram-negative pathogens was
associated with high rates of clinical cure and zone sizes of >16 mm for gram-positive
pathogens was associated with high rates of clinical cure. Overall, clinical cure rates were
high making correlations with clinical outcome and zone diameter difficult. Zone
diameters <11 mm were associated with intrinsic resistance such as in Enterococcus spp.
The majority of isolates had zone diameters that were >17 mm. In the cIAl study, all E.
coli and K. pneumoniae with a CTX-M-14/15 were clinical cures; therefore, no
association with zone diameter or MIC values and CTX-M-14/15 expression could be
made.

Reviewer’s Comment

Disk diffusion correlations are tentative since discussion is still ongoing within the
Agency regarding MIC and disk breakpoints. Further discussion regarding disk diffusion
correlations may be in a subsequent review.

Reviewer’s Comment

For the cUTT and cIAI studies, tables showing pathogen eradication versus zone size (per
pathogen), and clinical cure versus zone size (per pathogen) were not located in the
submission, and the Applicant will be asked to provide the information.

Pathogen Eradication, Outcome by MIC and Outcome by Zone Diameter

Analysis for Combined Phase 3 Studies

The pathogen eradication rates, outcome by MIC value, and outcome by zone diameter
will be summarized for the combined Phase 3 studies in the sections below. Overall, the
microbiological success rates in the ceftolozane-tazobactam treatment arm in the mMITT
populations were high and were comparable to the combined comparators in both the
mMITT and ME populations (see table below). The only regional difference was noted in
North America in the mMITT population, where the microbiological outcomes were
lower than in the comparator arm. This may be attributed to higher variability due to the
smaller number of subjects from North America and the larger number of indeterminate
responses in the ceftolozane-tazobactam treatment arm. In general, the anaerobe data and
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the S. anginosus, S. constellatus, and S. salivarius data will not be discussed in this
section as these pathogens were specific only to the cIAI study.

Table 103: Per-Subject Microbiological Response at the TOC Visit for combined
Phase 3 Studies (mMITT and ME Population)

Population Cefiolozane/Tazobactam All Comparators
Response n {%a) n (%)

mMITT Population. N 187 §19
Microbiological Success 652(82.8) 660 ( 80.6)
Microbiological Failure T6( 9.7) 113( 13.8)
Microbiological Non-evaluable 59( 7.5) 46( 5.6)

ME Population, N 648 598
Microbiological Success 587 (90.6) 600 ( 86.0)
Microbiological Failure 61( 94 98 (14.0)

N=number of subjects in the modified microbiclogical intent to treat (mMITT) or microbiologically evaluable (ME) population;
n=mumber of subjects in the specific categery; TOC=test of cure

Note: Percentages are calculated as 100 x (n/N).

Source: M53.5.3ISM'Table 8.1.

Table 104: Per-Subject Microbiological Response at the TOC Visit in the Combined
Phase 3 Studies, by Geographic Region (mMITT and ME Population)

North America European Union Rest of World
Ceftolozane/ All Ceftolozane/ All Ceftolozane/ All
Population tazobactam Comparators tazobactam Comparators tazobactam Comparators
Response n (%) n (%) n (%) n (%) n (%) n (%)
mMITT Population. N 41 35 369 378 377 406
Microbiological Success 26(63.4) 28 (80.0) 302(81.8) 312 (82.3) 324(85.9) 320 (78.8)
Microbiological Failure 9(22.0) 4114 36(9.8) 45(11.9) 31( 82 64(15.8)
Microbiological Non-evaluable 6(14.6) 3( 8.6) 31 (84 21( 5.6) 22( 58) 2( 54
ME Population. N 23 20 209 317 326 361
Microbiological Success 17(73.9) 17 (85.0) 271 (90.6) 279 ( 88.0) 200 (91.7) 304 (84.2)
Microbiological Failure 6(26.1) 3(15.0) 28( 94) 38 (12.0) 27( 83) 57(15.8)

N=number of subjects in the modified microbiclogical intent to treat (mMITT) or microbiclogically evaluable (ME) population in each geographic region: n=mmber of subjects in
the specific category; TOC=test of cure

Note: Percentages are calculated as 100 x (n/N).
Source: M3.3 5.3 ISM Table 8.1.1

Pathogen Eradication Rates Combined Phase 3 Studies

The table below presents the microbiologic response rates by baseline pathogen at the
TOC visit for the mMITT and ME populations for the most common pathogens in the
combined Phase 3 program. A list of microbiologic response rates in the mMITT
population by pathogen, by geographic region, and by ESBL status was provided.

Microbiologic response rates for the ME population are provided by geographic region
and by ESBL status.
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Overall, ceftolozane-tazobactam was efficacious at eradicating key Gram-negative
pathogens, Streptococcus spp., and Bacteroides spp. in the combined Phase 3 trials. In
general, the eradication rates were similar between ceftolozane-tazobactam treatment arm
and the comparator treatment arms.

* Eradication rates for ceftolozane-tazobactam were higher for the ESBL-positive
subgroup of E. coli and K. pneumoniae compared with the comparator in both the
mMITT and the ME Populations.

— CTX-M-14/15 E. coli eradication rates for ceftolozane-tazobactam and comparators in
the ME population were 80.6% and 58.8%, respectively.

— CTX-M-14/15 K. pneumoniae eradication rates for ceftolozane-tazobactam and
comparators in the ME population were 76.9% and 20.0%, respectively.

* Ceftolozane-tazobactam eradication rates were high and similar for all P. aeruginosa
and the over-expressing AmpC P. aeruginosa subset.

* In general, the overall E. coli eradication rates were lower in North America in the
mMITT population compared with the other geographic regions but this was

interpreted with caution because of the small numbers of pathogens from subjects
enrolled in the North America; this difference was not notable in the ME population.

* Generally, the eradication rate for ceftolozane-tazobactam was lower against E. cloacae
as compared with the combined comparator group.

* Eradication rates were lower for ceftolozane-tazobactam against the enterococci.
Differences in eradication against the enterococci would be expected as enterococci

are intrinsically resistant to cephalosporins.

* Eradication rates in the ME population were generally higher than in the mMITT
population; though overall trends and conclusions were similar.
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Table 105: Per-Pathogen Microbiologic Eradication Rates at the TOC Visit for
Pathogens from the Site of Infection from the Combined Phase 3 Studies (mMITT

and ME Populations)
mMITT Population ME FPopulation
Ceftolozane/ Ceftolozane/
Tazobactam All Comparators Tazobactam All Comparators
(N=T787) (N=819) (N=0648) (N=698)
Pathogen Group n {%0) n (%) n (%) n (%a)
Pathogen N1 % /N1 Yo N1 % n/N1 %
Gram-negative aerobes 583/601 844 588/731 80.3 510/575 91.0 530/631 854
Entercbacteriaceae 566/668 847 539/693 80.7 512/557 919 513/599 85.6
Citrobacter freundii 810 80.0 13/17 76.5 8/8 100.0 12/16 750
Enterobacter cloacae 23/32 719 31/33 93.9 2128 75.0 2829 96.6
Escherichia coli 480/560 857 481/594 81.0 437/470 93.0 445/515 864
ESEBL Producers” 42/57 737 36/65 554 41/50 820 35/55 63.6
CTX-M-14/15 30/42 714 21/42 50.0 29136 80.6 2034 588
Klebsiella oxytoca 16/18 8§39 26/27 96.3 14/14 100.0 2324 95.8
Klebsiella pneumoniae 56/74 5.7 42/60 70.0 50/55 209 36/48 750
ESEL Producers” 1521 714 6/12 50.0 14/18 778 511 455
CTX-M-14/15 11/16 65.8 2/6 333 10/13 769 1/5 20,0
Proteus mirabilis 2324 958 18/22 818 2021 952 1721 81.0
Fseudomonas aerugingsa 38/46 826 40/49 816 3233 970 36/41 878
AmpC Ove-rexpressionb 5/6 833 5/6 833 5/5 100.0 5/6 833
Gram-negative anaerobes® 1177137 854 1457154 04.2 107/109 98.2 1347137 97.8
Bacteroides fragilis 42/47 804 59/64 922 39/41 95.1 56/57 982
Bacteroides thetaiotaomicron® 22125 880 42/46 913 2020 100.0 41/43 953
Bacteroides uniformis® wr 100.0 8/8 100.0 Er 100.0 wr 100.0
Bacteroides vulgatus® 13115 86.7 24126 923 13/13 100.0 21/22 935
Gram-positive aerobes 189/247 76.5 216/245 83.1 164/139 86.8 189/205 92.2
Streptococcus anginosus” 29/36 806 25127 926 28/30 03 23/23 100.0
Streptococcus constellatus® 18/24 750 21/25 840 17/18 044 2123 013
Streptococcus salivarius® 10/11 909 911 818 10/10 100.0 88 100.0
Enterococcus faecalis 45M 634 53/62 855 37/53 698 49/56 875
Enterococcus faecium 26/37 703 46/49 939 2427 230 42/44 955
(Footnotes on next page)
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c[AT=complicated intra-abdominal infection: ESBl =extended spectrum p-lactamase N=number of subjects in the
micrebiological modified intent-to-treat (mMITT) or micrebiologically evaluable (ME) population; N1=number of subjects
with the specified pathogen: n=mumber of subjects in the specific category; TOC=test of cure.

* Mot all E. coli and K pneumoniae were tested for ESBL production All ESBL producer includes any enzyme  All CTX-M-

_ 14/15 includes CTX-M-14, CTX-M-15. CTX-M-15-like.

? Wot all Pseudomenas aeruginesa isolates were tested for AmpC overexpression

¢ Isolates were primarily from the cIAT study

Notes: Percentages are calculated as 100 = (n/N).
If a subject has more than one pathogen in any of the higher level summaries (eg, Gram-negative aerobes, Entercbacteriaceas).
the subject will be counted once and at the worse per-pathogen microbiological response.

Source: M5.3.5.3\ISM\Table 9.1, Table 9.1.2, Table 9.2, and Table 9.2.2

Reviewer’s Comment

The Applicant mentions CTX-M-15-like ESBLs in the footnote to the table above. These
likely refer to beta-lactamases that have sequence homology to CTX-M-15 since
structure/ function studies were not done in the clinical trials.

Per-Pathogen Clinical Cure Rates Combined Phase 3 Studies

The table below presents clinical response rates by baseline pathogen at the TOC visit for
the ME population for the most common pathogens in the combined Phase 3 program.
Overall, ceftolozane-tazobactam achieved high (>83%) clinical cure rates in subjects with
key Gram-negative pathogens, Streptococcus spp., and Bacteroides spp. in the combined
Phase 3 studies. In general, the eradication rates were similar between the ceftolozane-
tazobactam and comparator treatment arms.

* Per-pathogen clinical cure rates for ceftolozane-tazobactam and the combined
comparator group were generally higher than the per-pathogen eradication rates, but
treatment differences remained generally similar across pathogens.

* Per-pathogen clinical cure rates for ceftolozane-tazobactam were higher for the
ESBL-positive subgroup of E. coli and K. pneumoniae compared with the comparator

in the ME Population.

— CTX-M-14/15 E. coli eradication rates for ceftolozane-tazobactam and comparators in
the ME population were 97.2% and 82.4%, respectively.

— CTX-M-14/15 K. pneumoniae eradication rates for ceftolozane-tazobactam and
comparators in the ME population were 100% and 40.0%, respectively.

* The clinical response for ceftolozane-tazobactam against the E. cloacae was improved
(89.3%) as compared with the ceftolozane-tazobactam microbiological eradication rate
(75%).
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Table 106: Per-pathogen Clinical Success rates at the TOC Visit for Pathogens from
the Infection Site from the Combined Phase 3 Studies (ME Population)

Ceftolozane/ Tazobactam All Comparators
(N=648) (N=698)
Pathogen Group = =)
Pathogen N1 %o N1 %%

Gram-negative aerobes 551/575 958 5894631 933
Enterobacteriaceas 333/557 95.7 559/599 933
Citrobacter freundii 88 100 13/16 813
Enterobacter cloacae 2528 893 29/29 100
Escherichia coli 432/470 96.2 483/515 938
ESBL Producers” 49/50 980 48/56 837
CTX-M-14/15 35/36 972 28/34 824
Klebsiella oxytaca 14/14 100 23124 958
Klebsiella pneumoniae 51/55 927 41/48 854
ESBL Producers” 1718 044 811 727
CTX-M-14/15 13/13 100 215 400
Proteus mirabilis 2021 952 17/21 81.0
Fseudomonas asruginosa 33/33 100 38/41 927
Gram-negative anaerobes® 104/109 954 1321137 964
Bacteroides _J‘?'z;rgfh’sgI 39141 951 56/57 982
Bacteroides thetaistaomicron” 2020 100 40743 93.0
Bacteroides :maﬂ:nm’sb EL 100 T 100
Bacteroides w!gams“;' 12/13 92.3 21/22 93.5
Bacteroides ovatus® 3637 973 2/42 100
Gram-positive aerobes 169/189 804 1907205 92.7
Streptococcus anginosus” 25/30 833 23123 100
Strepitococels constellatus® 17/18 044 2023 87.0
Streptococcus salivarius® 9/10 90.0 88 100
Enterococcus fascalis 45/53 849 53/56 94.6
Enterococcus faecium 2427 839 41/44 932

ESBL=extended spectrum B-lactamase N=number of subjects in the microbiclogically evalvable (ME) pepulation: N1=number
of subjects with the specified pathogen; o=number of subjects in the specific category; TOC=test of cure.

* Not all E. coli and K. prneumoniae were tested for ESBL production. All ESBL producers includes any enzyme. All CTX-M-

 14-13 includes CTX-M-14, CTX-M-15, CTX-M-15-like.

? Isolates were from the complicated intra-abdominal infection studies

MNotes: Percentages are calculated as 100 x (n/N1).
If a subject has more than one pathogen in any of the higher level summanes (eg, Gram-negative aercbes, Enterobacteriaceae),
the subject will be counted once and at the worse per-pathogen clinical response.

Source: M35.3.5.3\ISM\Table 9.3.1

Correlation of MIC Values With Clinical and Microbiological Response in
Combined Phase 3 Studies

A summary of the microbiological eradication rates at TOC by ceftolozane-tazobactam
MIC values for key cIAI and cUTI pathogens is shown in the table below. Results for the
mMITT population were similar to the ME population. The ceftolozane-tazobactam MIC
values ranged from 0.03 to 256 mcg/mL in the ceftolozane-tazobactam-treated subjects.
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Overall, baseline resistance to ceftolozane-tazobactam was rare among Gram-negative
aerobic pathogens. The microbiological eradication rates were high in the ceftolozane-
tazobactam treatment arm for pathogens with ceftolozane-tazobactam MIC values <16
mcg/mL. Summaries of the microbiological eradication rates for ceftolozane-tazobactam
by MIC value for the Gram negative pathogen categories are listed below:

Enterobacteriaceae (N=731)

* Data for the Enterobacteriaceae are displayed in the figure below.

» At MIC values >32 mcg/mL, there appears to be a decrease in the percent eradicated.
* Values < 16 mcg/mL appeared to have similar, high eradication rates.

* These combined data support an Enterobacteriaceae breakpoint of susceptible of
<16 mcg/mL.

* Applying the provisional breakpoint of
— Microbiological eradication rates were 85.5% for Enterobacteriaceae with MIC
values <8 mcg/mL.

— Microbiological eradication rates were 63.2% for Enterobacteriaceae with MIC
values >16 mcg/mL.

For the ESBL-positive E. coli and K. pneumoniae

— Microbiological response rates remained high for the ESBL subgroup.

— No correlation with outcome and MIC was noted as there were few isolates at
higher MIC values.

(b) (@),

Figure 15: Summary of Microbiological Eradication and Persistence at TOC by
MIC for Enterobacteriaceae (nMITT population)
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MIC=minimum inhibitory concenfration; mMITT=microbiclogical modified intent-to-treat; TOC=test of cure
Source: M35.3.5 3\ISM\Table 10.1
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P. aeruginosa (N=43)

* Eradication rates in general were high.

* Eradication rates varied inconsistently with MIC values (100% microbiological
eradication in isolates with MIC values of 0.03, 16, and 128 mcg/mL).

» Applying the provisional breakpoint of N

— Microbiological eradication rates were 80% for all P. aeruginosa with MIC
values <8 mcg/mL.

— Microbiological eradication rates were 100% for all P. aeruginosa with MIC
values >16 mcg/mL.

Correlation of Kirby-Bauer Zone Diameter Values With Clinical and
Microbiological Response in Combined Phase 3 Studies

A summary of the microbiological eradication rates at TOC by ceftolozane-tazobactam
zone diameters for significant cIAl and cUTI pathogens is shown in the table below. Per-
pathogen microbiological eradication at TOC by zone diameter for the mMITT
population were presented for all pathogens, by geographic region and by ESBL status.
Overall, the results in the mMITT population were similar to the ME population.

The ceftolozane-tazobactam zone diameter values ranged from 6 to 36 mm in the
Ceftolozane-tazobactam-treated subjects. Overall, baseline resistance to ceftolozane-
tazobactam was rare among Gram-negative aerobic pathogens. The clinical cure rates
were high in the ceftolozane-tazobactam arm for pathogens with ceftolozane-tazobactam
zone diameter values >17 mm. Summaries of the microbiological eradication rates for
ceftolozane-tazobactam by zone diameter value are listed below:

Enterobacteriaceae (N=731)

* Data for the Enterobacteriaceae are displayed in the figure below.

* At zone diameters around 16 mm, there may be a difference in outcome; higher rates
of microbiological persistence.

* Zone diameters >17 mm appear to be associated with higher eradication rates.

* These combined data support the Enterobacteriaceae interpretive criteria for susceptible
of >17 mm.

For the ESBL-positive E. coli and K. pneumoniae

* Microbiological response rates remained high for the ESBL subgroup.

* No correlation with outcome and zone was noted as there were few isolates at the
smaller zone diameters.

P. aeruginosa (N=43)
* Eradication rates in general were high.
* Eradication rates varied inconsistently with zone diameters.
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Figure 16: Summary of Microbiological Eradication and Persistence at TOC by
Zone Diameter (mm) for Enterobacteriaceae (mMITT Population)
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mMITT=microbiclogical modified intent-to-treat; TOC=test of cure
Source: M5.3.5.3'ISM\Table 11.1

Emergence of Decreased Susceptibility to Study Drug

Emergence of Decreased Susceptibility to Study Drugs in cUTI

The table below summarizes the emergence of decreased susceptibility across the 2
treatment arms for the mMITT population in the cUTI study. Emergence of decreased
susceptibility is defined as a >2 dilution increase in MIC from the baseline MIC value
compared to EOT, TOC or LFU uropathogen MIC value (the post-baseline MIC value
must be >2 mcg/mL). Both ceftolozane-tazobactam and levofloxacin had a low incidence
of emergence of decreased susceptibility with only 4 (1.0%) instances in the ceftolozane-
tazobactam arm compared to 14 (3.5%) in the levofloxacin arm.

Table 107: Summary of Emergence of Decreased Susceptibility (mMITT

Population)
Ceftolozane/
Tazobactam Levofloxacin
(N=308) (N=402)
Baseline Pathogen n n
Number of Subjects with Emergence of Decreased Susceptibility® 4 (1.0%) 14 (3.5%)
Total number of Baseline Pathogens with Emergence of Decreased Ni=4 Ni=14

Susceptibility

1
13
0

Enterococcus faecalis

Escherichia coli

ks |

Pseudomonas aeruginosa

cUTI=complicated urinary tract infection; EOT=end of therapy; LFU=late follow-up; MIC: hily :
mlvfl"['l"=m.1cmbwlog1ca.l.ly modified Intent-to-Treat; n=number of subjects m specific category; N=mmmber ofsubjeds in
mMITT population; N1=mumber of baseline pathogens with emergence of decreased susceptibility; TOC=test of cure

Notes: Decreased susceptibility is defined as pathogen with =2 dilution difference (2 two-fold dilutions) in MIC for sh.ld} drug
‘between susceptibility of path recovered at baseline d to EOT. TOC or LFU pathy MIC. ie, post-t
MIC/baseline MIC =4 pg/ml. and post-baseline MICs =2 pg/ml..

* Percentages are calculated as 100 x (0/IN).

Source: M5.3.3.1'cUTICXA-cUTI-10-04 and -05\Table 14.2.30.1.
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The table below summarizes the emergence of resistance across the 2 treatment arms for
the mMITT population. Resistance was defined by CLSI criteria for levofloxacin and per
the provisional breakpoints for ceftolozane-tazobactam. Emergence of resistance was rare
in the ceftolozane-tazobactam treatment arm.

Reviewer’s Comment

Two (0.5%) of the persisting pathogens developed resistance among the 51
microbiological failures in the ceftolozane-tazobactam treatment arm with baseline and
post-baseline isolates available for susceptibility testing. Levofloxacin-resistance on
therapy developed in 16 (4.0%) of the levofloxacin-treated subjects.

Table 108: Summary of Emergence of Resistance (mMITT Population) cUTI

Ceftolozane/
Tazobactam Levofloxacin
(N=398) (N=402)
Baseline Pathogen n n
Number of Subjects with Emergence of Resistance® 2 (0.5%) 16 (4.0%)
Total Number of Baseline Pathogens with Emergence of Ni1=2 N1=16
Resistance
Enterococcus faecalis 0 1
Escherichia coli 1 15
Pseudomonas aeruginosa 1 0

CLSI=Clinical and Laboratory Standards Institute; cUTI=complicated wrinary tract infection: MIC=minimum inhibitory
concentration; mMITT=microbiological modified intent-to-treat; n=Number of subjects in specific category; N=number of
subjects in mMITT population; N1=number of baseline pathogen with emergence of resistance

Notes: For ceftolozane/tazobactam Susceptible/Indeterminate/Resistant (S/LE) breakpoints are defined as MIC=8 ng/ml.;
MIC=16 pg/ml: and MIC=32 pg/ml. Levofloxacin-resistance MIC cut-offs are based on CLSI definitions and breakpoints
[37]

* Percentages are calculated as 100 x (n/N).

Sovrce: M3.3.5.1'eUTIVCEA-cUTI-10-04 and -05'Table 14.2.31.1.

Ceftolozane-tazobactam resistance developed in 1 E. coli isolate (Subject No. 1005-5309-
008) that had a MIC value shift from 0.5 mcg/mL (susceptible) at baseline to a MIC of 64
mcg/mL (resistant) at TOC and 1 P. aeruginosa isolate (Subject ID: 1005-5104-015) that
had a MIC value shift from 16 mcg/mL (intermediate) to 64 mcg/mL (resistant). These
isolates were characterized to evaluate the genetic relatedness and to elucidate the
resistance mechanism . The MIC results at the central laboratory for the E. coli isolate
from Subject No.1005-5309-008, demonstrated an increase in MIC at the TOC visit from
0.5 to 64 mcg/mL, which then decreased to 4 mcg/mL at the LFU visit. This MIC
increase followed by decrease was confirmed by triplicate MIC testing at @

®@ suggesting that the susceptibility of the TOC isolate towards ceftolozane-
tazobactam is markedly different from that of the baseline isolate. Molecular testing
identified the same pair of resistance enzymes in all 4 isolates (CTX-M-15 like, OXA-
1/30), no new enzyme could be found to explain the change in activity. Pulsed-field gel
electrophoresis (PFGE) testing indicated that the isolates with altered MIC values were
identical to the baseline isolate while the EOT isolate was unrelated (with a ceftolozane-
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tazobactam MIC similar to that of the baseline isolate). These results do not provide an
explanation of the observed ceftolozane-tazobactam MIC change during therapy for
isolates from Subject No. 1005-5309-008. It is possible that transient changes in ESBL
expression, permeability or efflux resulted in the MIC increase at TOC, as evidenced by
the observation that the MIC decreased at LFU in an isolate found to be identical by
PFGE.

The MIC results at the central laboratory for the P. aeruginosa isolate from Subject No.
1005- 5104-015, demonstrated an increase in MIC at the TOC visit from 16 to 64
mcg/mL. The observed MIC increase was confirmed by triplicate testing at @®
laboratories. The baseline isolate was shown to express the ESBL enzyme OXA-2. In
addition, increased expression of the efflux pumps MexCD and MexXY with concurrent
loss of the expression of the OprD porin was observed. In contrast, the TOC isolate was
found to have wild-type expression levels of MexXY but retained increased expression of
MexCD. The OXA-2 expression and OprD loss remained unchanged. The 2 isolates were
found to be identical based on PFGE testing. In vitro studies have shown that
ceftolozane-tazobactam is not a substrate for the P. aeruginosa efflux pumps

and the explanation for the increased MIC is unclear.

Reviewer’s Comment

The Applicant made an attempt to characterize E. coli and P. aeruginosa isolates that had
a change in MIC under therapy with ceftolozane-tazobactam. Molecular testing was used
to determine resistance mechanisms such as enzymes and the relatedness of isolates was
determined by PFGE. The exact mechanism of resistance for these isolates could not
clearly be determined.

Table 109: Molecular Characterization of Ceftolozane-Tazobactam Resistance

Emergence
Ceftolozane/ | Ceftolozane/
Tazobactam | Tazebactam
MIC MIC
(ng/mL) (ng/mL) PEGE
Subject No. Organism Visit ICON JMI ESBL Results Results
1005-5104-015 | P. agruginosa | Screening 16 OXA-2 MexCD and baseline
8/8/8 MexXY up, OprD
loss
TOC 64 =32/=32/=32 | OXA-2, MexCD up, | identical
OprD loss
1005-5309-008 | E coli Screening 0.5 2/2/4 CTX-M-15 like, baseline
0XA-1/30
EQT 0.5 0.5/05/0.5 | CTX-M-15 like, unrelated
OXA-1/30
TOC 64 32/32/=32 | CTX-M-15 like, identical
OXA-1/30
LFU 4 2212 CTX-M-15 like, identical
0XA-1/30

EOT=End of therapy; ESBL=extended-spectrum B-lactamase; I FU=late Follow-up; MIC=minimmm inhibitory concentration;
PFGE=pulsed-field gel electrophoresis; TOC=test of cure
Source: M3.3.3.4/CXA 068.MC
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Supplemental Molecular Characterization for CXA-cUTI-10-04 and CXA-cUTI-10-
05 Clinical studies

One hundred and forty six isolates of Enterobacteriaceae were found to express ESBLs,
with CTX-M-15 as the most common enzyme. Of 24 P. aeruginosa isolates tested, 17
(70.8%) were found to possess changes in AmpC, efflux pumps or porin expression
levels alone or in combination with ESBL enzymes. Isolate sets from 109 patients met
the criteria for PFGE testing and the majority of the post-baseline isolates (66.1%) were
found to be identical to the corresponding baseline isolate. The table below shows the
summary of ESBL and carbapenemase positive Enterobacteriaceae identified in the cUTI
studies.

Table 110: Summary of ESBL and Carbapenemase Positive Enterobacteriaceae
Identified in the cUTI Studies

Organism Genotype N Ce_\f;;}:q;:::g::;cgg:;m
Escherichia coli Any CTX-M-15 59 0.258
CTX-M-15 only g 0251
CTEM-15, OXA-1/30 28 02538
CTXM-15, TEM 10 0251
CTX-M-15, OXA-1/30, TEM 1 02538
CTEM-15, CTH-M-27 1 03
Any CTEM-14 12 0251
CTX-M-14 only 4 0251
CTE-M-14, TEM-1 g 02503
Other CTX-M 13 02532
Alone 6 0251
Wath TEM 0252
SHV or TEM 13 0121
Carbapenemase 3 164
WNDM-3, CTX-M-15, OXA-1/30, TEM-1 1 &
KPC2, TEM-1 > 18
Klebsiella pnenmoniae Anv CTXM-15 19 0.25=64
CTEM-15, OXA SEV 2 058
CTX-M-15, OXA. SHV, TEM 17 02564
Other ESBL 7 164
Protens mirabilis Any CTR-M-15 1 1
CTX-M-15, OXA-1/30. TEM 1 1
Other CTX-M 1 1
TEM-1 2 0.5
Carbapenemase 1 4
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Organism Genotype N Ee;;lo::oz;l:lfg:::;;bg:;m
KPC2 1 4
Enterobacter species Any CTX-M-13 3 1-=64
CTX-M-15 cnly 2 12
CTXM-15, SHV, TEM 2 4
CTX-M-15, OXA-1/30, TEM 4 164
CTXM-3 +-TEM 3 116
Other . Any CTX-M-15 3 4-=64
Enterobacteriaceas*
CTXM-15, OXA-1/30 1 4
CTX-M-15, OXA-1/30, SHV, TEM 1 32
CTX-M-15. TEM 1 64
CTXAML3, TEM 1 16

? Includes two isolates of Serratia marcescens and one isolate each of Citrobacter freundii and Klebsiella oxytoca
Source: This submission.

Table 111: KPC-2-positive Isolates Identified in the CXA-cUTI-10-04 Clinical Study

Patient Accession No. | Organism | Ceftolozane/ | Imipenem ESBL Treatment | Microbiological Clindcal
Ne. Tazobactam MIC Arm Quicome Outcome
MIC (ug/mL)
(png/mlL)

4309-001 | U691262-IS0-1 | E coli 8 2 KPC-2. TEM- | Levofloxacin failure cure

1
4309-002 | U691260-IS0-2 | E coli 1 2 KPC-2, TEM- | Ceftolozane/ NA NA

1 Tazobactam
4309-002 | U691260-ISO-1 | F. 4 4 EPC-2 Ceftolozane/ NA NA

mirabiliz Tazobactam

Source: This submission.

Table 112: Summary of Efflux pump/Porin Changes, ESBL, and Carbapenemase
positive P. aeruginosa identified in cUTI studies

Organism Genotype N fﬁf{mg:;;:’:;;’:g tam
P. aeruginosa 0XA 4 1=64
Alone 1 1
With punip‘perin changes 3 1664
AmpC upregulated 8 0.54
Alone 6 034
With punmpponn changes 2 032
OprD loss 1 =64
Metallo-f-lactamase 4 =64
Alone 1 64
With punmp/perin changes 2 54
With pump/porin changes and AmpC 1 4

Source: This submission.
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Supplemental Molecular Characterization for CXA-cIAI-10-08 and CXA-cIAI-10-
09 Clinical studies

In total, 129 isolates of Enterobacteriaceae and 70 isolates of P. aeruginosa were further
characterized. Of these, 44/129 (34.1%) Enterobacteriaceae were positive for at least a
CTX-M-14 or CTX-M-15 enzyme and 11/70 (15.7%) P. aeruginosa were positive for
upregulated AmpC expression. The table below shows a summary of ESBL positive
Enterobacteriaceae identified in the cIAl studies.

Table 113: Summary of ESBL Positive Enterobacteriaceae Identified in the cIAl studies

. Genotype N Ceftolozane-
Or ganism tazobactam MIC
Range (pg'mL)
Escherichia coli Any CTXM-15 26 0.25-64
CTXM-15 only 2 0.252
CTX-M-15, OXA-1/30 g 0.5-32
CTX-M-15, TEM 7 0.25-64
CTX-M-15, OXA-1/30, TEM ] 1-4
Any CTX-M-14 ] 052
CTXM-14, TEM-L 5 052
Other CTX-M s 25405
OXA-1/30 3 0.25-16
TEM 7 01264
SHY and TEM 1 0.2%
Elebsiella pneumoniae Any CTXM-15 8 1-=64
CTX.M-15, OXA-1/30, SHV 1 4
CTX.M-15, OXA-1/30. SHV, TEM 7 =64
SHV +/- TEM 6 0.15-64
Protens mirabilis Any CTXM-15 1 0.s
CTX-M-15, TEM 1 03
TEM1 : 051
Enterobacter species Any CTXM-15 3 0.5-16
CTX.M-15, OXA-1/30, TEM 3 0518
Other CTX-M 1 1
SHY 3 BERIH
SHY and TEM 3 464
Other . Any CTX-M13 N 2
Enterobacteriaceae®
CTX.M-15, OXA-1/30, TEM 1 2
Other CTXM 3 0.15-31
TEM 2 1-2

* Two isolates of Citrobacter freundii and one isolate each of Providencia stuartii, Serratia fonticola and Serratia
marcescens

Source: This submission.

175

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Table 114: Summary of ESBLs, pump/porin and AmpC Changes in P. aeruginosa
Identified in the cIAI Studies

Organism Genotype N Eﬁ%@ﬁ:ﬂ;ﬁﬁgﬁ‘;ﬁmm
P. aeruginosa OxA 4 416
With AmpC upregulated 2 4
With efflux pumps and AmpC upregulated 2 416
AmpC upregulated 7 0.5-8
Alone 6 0358
With punp/porin changes 1 1
MexAB upregulated 1 0.z
Organism Genotype N fﬁi’?gﬂ;ﬁz‘;ﬁmm
OprD loss 1 1

Source: This submission.

Emergence of Decreased Susceptibility to Study Drugs in cIAI
There was no emergence of decreased susceptibility or resistance in either treatment arm.

Assessment of Superinfecting Pathogens and New Infecting Pathogens

The incidence rate of superinfections and new infections are summarized with the
number and percentage by treatment group. The 95% Wilson score CI was provided for
each group. The summary is based on the mMITT population.

Assessment of Superinfecting Pathogens and New Infecting Pathogens (cUTI)

The table below presents subjects with emergent infections and the uropathogens
isolated. The incidence of emergent infections was comparable in the 2 treatment arms.
In general, new infections were reported more frequently than superinfections in both
treatment arms. Superinfections were low with an incidence of 3.5% in the ceftolozane-
tazobactam treatment arm and 5.2% in the levofloxacin treatment arm. Likewise, the
incidence of new infections was also low, 9.0% and 6.7% of subjects, in the ceftolozane-
tazobactam and levofloxacin treatment arms, respectively. As expected, enterococci were
the most common pathogens isolated from subjects with superinfections and new
infections. In the ceftolozane-tazobactam arm, the majority of the emergent bacterial
isolates were pathogens known to be intrinsically resistant to cephalosporins (E. faecalis
and E. faecium), and did not represent acquired resistance during study therapy.
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Table 115: Summary of Emergent Infections (mMITT Population)

Ceftolozame/
Tazobactam Levofloxacin Percent (% )
(N=305) (WN=401) Difference
New Pathogen n n (#5084 CT)
Humber of Subjects with a Superinfection” 14 (3.5%) 21 (5.2%) -1.7 (-4.69, 1.20)
Tofl Mew Pathogens Classified as N1=17 N1=13
Superinfections
Enterococcns faecalis 7 B
Enterococcns foecium § L}
Escherichia coli 1 7
Envercbacter cloacae 1 1
Elebsiella pneumonioe 0 3
HNumber of Subjects with a New Infection® 36 (0.0%) 27 (6.7T%) 23 (145,615
Toml New Uropathogens Classified as NI=42 NI=310
New Infections
Enterococcns faeralis 12 11
Escherichia cali B 10
Enterococcus foecium 5 1
Elebsielia pneumonioe 4 L
Elebsiella axyroca 1 L}
Psgudomanas aerugmosa 1 1
Enterobacter cloacae 1 1

CFU=coloay-forming uxit; CI=Confidence interval (based co Wilsea score); mmMITT=microbiclegically medified ntent-to-treat:
n=numbar of subjects within a specific catepory: N=mmber of subjects in mMITT population: N1=smmbsr of pathogens
claszified as supsrinfections; N2=nambar of pathogens classified as new mfections.

b Parcanizges are calculated 2: 100 x (o)

Supsrimfiction=A usine caltare grows = 10° CFUimL of a pathogen other than the baeline pathogends) during the course of
stndy drog theragy. Mew Infoction=A urine calters grows = 107 CFUV'mL of a pathogen other than the baseline pathogam(s)
after sdministration of the last doss of study drug tharapy.

Source: M33.3 1 UTIWCXA-cUTE-10-04 and -05Tabla 14.2.17

Assessment of Superinfecting Pathogens and New Infecting Pathogens (cIAI)

The table below presents the number of subjects with a superinfection and the number of
subjects with a new infection for the MITT and ME populations, respectively.
Superinfections and new infections were uncommon in each treatment arm and largely
comprised organisms intrinsically resistant to ceftolozane-tazobactam (Enterococcus
spp.). Superinfections were seen in 10/389 (2.6%) versus 13/417 (3.1%) of subjects in the
ceftolozane-tazobactam plus metronidazole versus meropenem treatment arms,
respectively. Likewise, only 12/389 (3.1%) versus 9/417 (2.2%) of subjects in the
ceftolozane-tazobactam plus metronidazole versus meropenem treatment arms,
respectively, had new infections.
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Table 116: Summary of Emergent Infections in cIAI (MITT population)

(Continued) )
Ceftolozame Tazobactam
+ Metronidazole Meropenem
New Pathogen Category (N=389) (N=d41T)
New Pathogen n n
Gram-positive Aerobes
Enterococcns spp. 11 &
Surphylecoccns spp. ] 5
Streptocacous spo 0 2
Crther 3 ]
Gram-negative Anaerobes 2 4
Gram-positive Anaerobes 0 ]

Clmconfidence imterval; 14 i=complicated mtra-sbhdominal infoction: MITT=microhiclogical intemt-to-treat; p=mmmber within a
ipecific matsgory; N=mmmber of subjects in MITT popelation: N1=numbar of sebjects with intra-sbdominal pathogens clausified
as supsrinfections; M1=member of sobjects with eme-abdominal pathegens classiSed as new infections.

Notes: Percent calculated 2z N1HN

Supsrinfecton=Islation of a pathogen, other than the criginal basaling pathogea(s), fom an inta-shdominal specimen taken
from a subject while on stedy dmg.

Naw Infection=Isclation of a pathogen, other than the eriginal bassline pathogen(s), from an intm-sbdomimal specimen = a
snhject aftar completion of stady drag.

Subjects with mom than 1 new nta-sbdominal pathogsn ars comnied cnly cnce in the cvenll population M, once in the
suparinfecton/ mew nfection e 2nd cacs within sxch intm-sbdominal pathogen

Source: B335 IcIATCRA~IAT-10-0F and 0% Table 14.2.11.1.

Table 117: Summary of Emergent Infections in cIAI (MITT population)

Ceftolozane/Tazobactam
+ Metronidazale Meropenem
New Pathogen Category (=388 (N=41T)
New Pathogen n n
Number of Subjects with a Superinfection, M1 (%) 10 (2.62%) 13 (3.1%)
Total New Pathogens Classified as 14 15
Superinfactions
Gram-negative Aerobes
Enterohacteriaceas 3 4
Orther 1 o
Gram-positive Aerobes
ERtarococcs spp. § 5
Stapiyiococcus spp. 3 5
Strepracaccus spo 2 4
Orther 0 1
Gram-negative Anaerobes 1
Gram-positive Anaerobes 0 2
Number of Subjects with a New Infection, 192 12 (3.1%) B2.2%)
TE)I.II] Hew I?'ndl.ogeni Clazsified as 18 16
New Infections
Gram-negative Aerobes
Enterobacteriaceas § 4
Orther 1] o
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Correlation Between Phase 3 MIC Distributions and Recent Surveillance Study

MIC Frequency Distributions

The susceptibility of clinical trial and surveillance isolates to ceftolozane-tazobactam for
all target organisms is presented in this section as side-by-side MIC frequency
distributions. The distributions, presented as histograms, are composed of ceftolozane-
tazobactam MIC values for baseline isolates from the ITT population from the combined
Phase 3 clinical efficacy studies that used a central microbiology reference laboratory
(CXA-cUTI-10-04, -05 and CXA-cIAI-10- 08,-09 studies) and the combined 2011 and
2012 surveillance studies for ceftolozane-tazobactam.

Enterobacteriaceae

For the 4367 isolates of Enterobacteriaceae, the distribution of ceftolozane-tazobactam
for clinical trial isolates (n=2702) was similar to that of the surveillance study isolates
(n=1665) (the figure below). The majority of the isolates fell in the range of 0.12 to 0.5
mcg/mL. It was notable that approximately 50% of both the clinical and surveillance
Enterobacteriaceae isolates were inhibited by ceftolozane-tazobactam at 0.25 mcg/mL.

Figure 17: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Enterobacteriaceae
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Source: M5.3.5 4\CXA 060 MC
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Pseudomonas aeruginosa

For the 382 isolates of P. aeruginosa, the overall distribution of ceftolozane-tazobactam
for clinical trial isolates (n=191) was similar to that of the surveillance study isolates
(n=191) (see figure below). The majority of the isolates fell between MIC values of 0.5
and 1 mcg/mL. However, a somewhat higher percentage of the clinical isolates were at
the higher end of the distribution, which was driven by the Eastern European P.
aeruginosa with carbapenemases. This resulted in clinical isolate MIC50/MIC90 values
of 1 and 16 mcg/mL while surveillance isolate MIC50/MIC90 values were 0.5 and 2
mcg/mL. In addition, it was noted that approximately 51% of the P. aeruginosa
surveillance isolates were inhibited by ceftolozane-tazobactam at 0.5 mcg/mL while
approximately 50% of the P. aeruginosa clinical isolates were inhibited by ceftolozane-
tazobactam at 1 mcg/mL.

Figure 18: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-

Tazobactam Against Pseudomonas aeruginosa

W Clinical (191) M Surweillance [191)
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5% cnsg

50%

40%

20%

Parcent Inhibitedat MIC [24)

10%

0%

Pseudomonas seru ginosa - MIC [mg/L)

MIC=minimmm inhibitory concentration
Note: Total P. aeruginosa N=382
Source: M3.3.5 4\CXA 060 MC

Escherichia coli

For the 2834 isolates of E. coli, the distribution of ceftolozane-tazobactam for clinical
trial isolates (n=1918) was similar to that of the surveillance study isolates (n=916) (see
figure below). The majority of the isolates fell within the range of 0.12 to 0.25 mcg/mL.
The clinical and surveillance isolates had identical MIC50 and MIC90 values of 0.25 and
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0.5 mecg/mL, respectively. It was notable that approximately 50% of both the clinical and
surveillance E. coli isolates were inhibited by ceftolozane-tazobactam at 0.25 mcg/mL.

Figure 19: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Escherichia coli

BClinical[1918) M Surveilknce(916)
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MIC=minimmm mhibitory concentration

Note: Total E. coli N=2834

Source: M3.3.5 #\CXA 060 MC

Klebsiella pneumoniae

For the 537 isolates of K. pneumoniae, the overall distribution of ceftolozane-tazobactam
for clinical trial isolates (n=250) was similar to that of the surveillance study isolates
(n=287) (see figure below). The majority of the isolates fell between the range of 0.12 to
0.5 mcg/mL. However, a somewhat higher percentage of the clinical isolates were at the
higher end of the distribution. This resulted in clinical isolate MIC50/MIC90 values of
0.5 and 32 mcg/mL while surveillance isolate MIC50 /MIC90 values were 0.5 and 4
mcg/mL.

Reviewer’s Comment

A somewhat higher percentage of the clinical isolates were at the higher end of the
distribution. This resulted in clinical isolate MIC50/MIC90 values of 0.5 and 32 mcg/mL
while surveillance isolate MIC50 /MIC90 values were 0.5 and 4 mcg/mL.
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Figure 20: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Klebsiella pneumoniae

M Clinical (250) B Surveillance [287)
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Mote: Total K pneumoniae N=337
Source: M3.3.5 4\CXA 060 MC

To confirm that the current proposed susceptibility interpretive criteria can distinguish
between ceftolozane-tazobactam susceptible and resistant population, the 2011-2012
European Union and United States surveillance data was analyzed for meropenem-
resistant K. pneumoniae, a phenotypic marker for KPC-producing isolates (see figure
below). The distribution falls clearly to the right of the susceptible breakpoint.
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Figure 21: Percent of Meropenem-resistant Klebsiella pneumoniae Inhibited at Each
MIC (mcg/mL) of Ceftolozane-Tazobactam
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Source: Farrell, et al. [46]

Klebsiella oxytoca

For the 125 isolates of K. oxytoca, the distribution of ceftolozane-tazobactam for clinical
trial isolates (n=80) was similar to that of the surveillance study isolates (n=45) (see
figure below). The majority of the isolates fell between the range of 0.12 to 0.5 mcg/mL.
The clinical and surveillance isolates had identical MIC50 and MIC90 values of 0.25 and
0.5 mcg/mL, respectively.
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Figure 22: Percentage of Isolates Inhibited at Each MIC (mg/L of Ceftolozane-
Tazobactam Against Klebsiella oxytoca
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Source: M5.3.5. /\CXA 060 MC

Enterobacter cloacae

For the 282 isolates of E. cloacae, the overall distribution of ceftolozane-tazobactam for
clinical trial isolates (n=157) was similar to that of the surveillance study isolates (n=125)
(see figure below). The majority of the isolates fell between the range of 0.25 to 0.5
mcg/mL. However, a somewhat higher percentage of the clinical isolates were at the
higher end of the distribution. This resulted in clinical isolate MIC50/MIC90 values of
0.5 and 32 mcg/mL while surveillance isolate MIC50 /MIC90 values were 0.5 and 8
mcg/mL.
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Figure 23: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Enterobacter cloacae
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Note: Total E. cloacas N=282
Source: M3.3.5 4\CXA 060 MC

Citrobacter freundii

For the 123 isolates of C. freundii, the overall distribution of ceftolozane-tazobactam for
clinical trial isolates (n=57) was similar to that of the surveillance study isolates (n=66)
(see figure below). The majority of the isolates fell between the range of 0.25 to 0.5
mcg/mL. However, a slightly higher percentage of the clinical isolates were at the higher
end of the distribution. This resulted in clinical isolate MIC50/MIC90 values of 0.5 and
16 mcg/mL while surveillance isolate MIC50 /MIC90 values were 0.25 and 8 mcg/mL.
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Figure 24: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Citrobacter freundii
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Note: Total C. freundii N=123
Source: M5 3 5 4\CXA 060 MC

Proteus mirabilis

For the 172 isolates of P. mirabilis, the distribution of ceftolozane-tazobactam for clinical
trial isolates (n=86) was similar to that of the surveillance study isolates (n=86) (see
figure below). The majority of the isolates fell between the range of 0.25 to 0.5 mcg/mL.
The clinical isolate MIC50/MIC90 values of 0.5 and 1 mcg/mL while surveillance isolate
MIC50 /MIC90 values were 0.5 and 0.5 mcg/mL.

Figure 25: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
tazobactam Against Proteus mirabilis

WClinical (86) WSurveillance (26)
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Note: Total P. mirabilis N=172
Source: M3.3.5 4\CXA 060 MC
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Bacteroides fragilis

For the 400 isolates of B. fragilis, the distribution of ceftolozane-tazobactam for clinical
trial isolates (n=156) were less similar to that of the Tufts University surveillance isolates
(n=244) (see the figure below) than was found with other species in these studies. The
majority of the clinical isolates fell between the range of 0.12 to 0.5 mcg/mL while the
majority of the Tufts University isolates fell between a wider range of MIC values (0.25
to 4 meg/mL). This distribution resulted in MIC50/MIC90 values of 0.25 and 1 mcg/mL
for the clinical isolates while the MIC50 /MIC90 for the surveillance isolates were 1 and
4 meg/mL.

Figure 26: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
tazobactam Against Bacteroides fragilis
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Streptococcus anginosus

For the 152 isolates of Streptococcus anginosus, the distribution of ceftolozane-
tazobactam for clinical trial isolates (n=117) were less similar to that of the surveillance
isolates (n=35) (see the figure below) than was found with other species in these studies.
The majority of the clinical isolates fell between the range of 2 to 8 mcg/mL while the
majority of the surveillance isolates fell between a range 0.5 to 2 mcg/mL. This
distribution resulted in MIC50/MIC90 values of 4 and 8 mcg/mL for the clinical isolates
while the MIC50 /MIC90 for the surveillance isolates were 1 and 2 mcg/mL.
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Figure 27: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Streptococcus anginosus
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Streptococcus constellatus

For the 100 isolates of S. constellatus, the distribution of ceftolozane-tazobactam for
clinical trial isolates (n=86) was similar to that of the surveillance study isolates (n=14)
(see figure below). The majority of the isolates fell between the range of 1 to 8 mcg/mL.
However, a somewhat higher percentage of the clinical isolates were at the higher end of
the distribution. This resulted in clinical isolate MIC50/MIC90 values of 4 and 8 mcg/mL
while surveillance isolate MIC50/MIC90 values were 0.5 and 2 mcg/mL.
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Figure 28: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Streptococcus constellatus
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Streptococcus salivarius

For the 83 isolates of S. salivarius, the distribution of ceftolozane-tazobactam for clinical
trial isolates (n=39) was similar to that of the surveillance study isolates (n=44) (see
figure below). The majority of the isolates fell between the range of 0.5 to 2 mcg/mL.
The clinical and surveillance isolates had nearly identical MIC50 and MIC90 values. The
clinical isolate MIC50/MIC90 values were 0.5 and 2 mcg/mL while surveillance isolate
MIC50 /MIC90 values were 1 and 2 mcg/mL.

Figure 29: Percentage of Isolates Inhibited at Each MIC (mg/L) of Ceftolozane-
Tazobactam Against Streptococcus salivarius
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Conclusions

For the overall population of Enterobacteriaceae and for E. coli, K. oxytoca, and S.
salivarius the clinical isolate MIC distribution matched the surveillance MIC distribution.
For P. aeruginosa, K. pneumoniae, P. mirabilis, C. freundii, E. cloacae, S. anginosus,
and S. constellatus, a higher percentage of the clinical isolates were at the higher end of
the distribution than the surveillance isolates. This may be because the clinical isolates
came from sicker patients than surveillance isolates or because some of the clinical
isolates came from clinical trial sites in parts of the world where higher rates of Gram-
negative resistance are seen (such as Eastern Europe). For Bacteroides fragilis isolates,
the clinical trial and surveillance isolates showed a somewhat different distribution, with
MICs lower for the clinical isolates. This may be because the surveillance isolates came
from a single lab at Tufts University and were not chosen according to standard
surveillance practices.

SCATTER PLOTS RELATED TO MIC AND DISC DIFFUSION METHODS
Correlation Between Broth Microdilution and Kirby-Bauer Disk Diffusion

Two studies were performed to establish the MIC and zone diameter correlation for
ceftolozane-tazobactam (CXA.028.MC, CXA.076.MC). Testing was

performed by ) in
accordance with CLSI document M23-A3. Analysis was done to determine the best fit
and lowest error rate using the provisional breakpoints.

(b) (4

In the ®®@ study, more than 400 Enterobacteriaceae (including ESBL producers and

ceftazidime resistant isolates), more than 200 P. aeruginosa (including MDR and
ceftazidime-resistant strains), and more than 200 gram-positive species were analyzed.
Each isolate was concurrently tested by broth microdilution and disk diffusion
methodology. The preliminary ceftolozane-tazobactam disk and broth microdilution
breakpoints were provided to @@ by Cubist Pharmaceuticals, Inc. for use in the
analyses. Disk zone versus broth MIC scatterplots were generated and error rate analyses
were performed to identify the lowest error rate breakpoints. Results are summarized in
the table below.

Reviewer’s Comment

The Applicant explained that strains that showed error rates that exceeded CLSI
guidelines for acceptable discrepancy rates were most likely due to the small number of
strains within a particular MIC range.
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Table 118: Kirby-Bauer Disk Versus Broth Microdilution Correlation for
Ceftolozane-Tazobactam

Preliminary Broth

Microdilution No. of
Breakpoints Applied Preliminary Disk Major or
for Error Rate Breakpoints Applied to Very No. of
Analysis Error Rate Analysis Major Minor | Correlation
Strain N (pg/mL) (mm) Errors Errors | Coefficient
P. geruginosa | 254 | =B [S], 16 [T]. =32 [E] | =14 [5], 9-13 1], =8 [R] 0 6 0.66
: 11727 1017
E. coli 152 | =8[S]. 16 [11. 232 [R] =l [51_]5_:1[3]1_[11_ 1* 1 0.67
E pneumoniae 101 | =8 [S]. 16 [1], =32 [R] =13 [%-1551[3_]11[1]' 1 7 0.76
o ; =13 % _17
= PHEUMONAE | 43n | g [S]. 16 [I). =32 [R] =13 [5_‘:_]551[3]1- (1. 0 9 0.88

CL5I=Climical and Laboratory Standands Institute; [=mtermediate; R=resistant; S=susceptible
* Exceeded CLSI recommended guidelines for discrepancy rates: Very major emor: =1+2 2.0%; I+1 to I-1 10%; =1-2 NA; Major

=2 NA; I+1 to I-1 10%, =I-2 2.0%; Minor =I+2 5.0%, I+] to I-1 40%0, =I-2 5.0%.

Souwrce: M53.54CHA 028 MC

A collection of 245 clinical isolates of E. coli producing CTX-M-14 and CTX-M-15-type

ESBLs were tested with both broth microdilution and Kirby-Bauer disk diffusion
methods. Only 1 minor error was encountered using 2 different sets of ceftolozane-

tazobactam proposed breakpoints which is well within CLSI M23 document guidance for

acceptable discordance rates (see figures below). All of the isolates were susceptible by
MIC (MIC values < 1 mcg/mL) and had zone sizes >18 mm.
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Figure 30: Ceftolozane-Tazobactam Broth Microdilution versus Disk Zone
Diameter Against CTX-M-14 and CTX-M-15 Escherichia coli (n-245) Using
Ceftolozane-Tazobactam MIC (mcg/mL) Breakpoints(<S|I| >R: <8|16|>32) and Disk
Diameter (mm) Breakpoints (<S|I| >R: >19|15-18|<14)
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Figure 31: Ceftolozane-Tazobactam Broth Microdilution versus Disk Zone
Diameter Against CTX-M-14 and CTX-M-15 Escherichia coli (n-245) Using
Ceftolozane-Tazobactam MIC (mcg/mL) Breakpoints(<S|I| >R: <4/8/>16) and Disk
Diameter (mm) Breakpoints (<S|I| >R: >19|15-18|<14)

CTX-M-14 and CTX-M-15 Combined
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Study CXA.061.MC evaluated the correlation of broth microdilution MIC values to disk
zone diameters for ceftolozane-tazobactam and comparators, meropenem and
levofloxacin. This study was conducted within the appropriate CLSI guidelines as
defined in CLSI documents M23-A3 using the error rate bounded analysis methodology
and presented in scattergram graphic format Two sets of tentative microdilution
susceptibility breakpoints, <8, 16, and 32 and <4, 8, 16 ug/mL, were provided by Cubist
for evaluation against data from two clinical trial data sets, cIAl and cUTI, alone and in
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combination. The broth microdilution MICs and disk zone diameters for P. aeruginosa
and Enterobacteriaceae gave concordance results for the very major, major, and minor
rates for ceftolozane-tazobactam that were well within the CLSI M23 targets. One isolate
of viridans streptococci resulted in an unacceptable very major error rate for this group of
organisms using the breakpoints of <4, 8, and >16 pg/mL. However, using the
breakpoints of <8, 16, and >32 pg/mL, the viridans streptococci error rates were within
the CLSI M23 targets.

Data were analyzed for six target species: Escherichia coli, Klebsiella pneumoniae,
Klebsiella oxytoca, Enterobacter cloacae, Proteus mirabilis and Pseudomonas
aeruginosa. The viridans streptococci: Streptococcus anginosus, Streptococcus
constellatus, Streptococcus salivarius were analyzed as a combined viridans group Table
3. Four species: Citrobacter braakii, Citrobacter freundii, Morganella morganii, and
Serratia marcescens were not analyzed individually but were included in the analysis of
the Enterobacteriaceae group.

Analyses were performed on the combined datasets and each of the cIAI and cUTI
clinical data sets individually at the tentative provisional MIC susceptible, intermediate,
and resistant breakpoints of <8, 16, and >32 pg/mL. Each analysis was repeated at MIC
susceptible, intermediate, and resistant breakpoints of <4, 8, and >16 pg/mL. The three
species of viridans streptococci were collected only in the cIAl study.

Reviewer’s Comment

The scatterplots for the combined studies are below. Final conclusions from these
scatterplots are deferred due to pending discussions within the Agency related to
breakpoint analysis. Further discussion may be in a subsequent separate review.

Reviewer’s Comment
Scatterplots of zone diameter and MIC correlations related to recent surveillance studies

were not located in the submission. The Applicant may be asked to provide this
information and it may be discussed in an addendum to this review.
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Table 119: Organisms Used in Analysis by Clinical Study and CLSI family group
and species

Organism Family Orzanism cIAT cUTI Combined
Totals
Enterobacteriaceae Citrobacter braakii™ 13 13
Citrobacter freundii™* 37 8 45
Enterobacter cloacae 92 23 115
Escherichia coli 288 706 1594
Klebsiella oxytoca 66 10 76
Klebsiella pnewmoniae 116 69 185
Morganella morganii ™ 12 3 15
Proteus mirabilis 34 36 70
Serratia marcescens™ 5 7 12
Enterobacteriacene Total 1263 862 2125
Non-Fermenters Psendemonas aeruginosa 107 32 139
Non-Fermenters Total 107 32 139
Vindans streptococci Streptococcus anginosus™ 114 114
Streptococcus constellatus™ 83 a3
Streptococcus salivarius™ 39 39
Viridans streptococci Total 136 236
Grand Total 1a06 504 2500

* Analyzed aggregately with the organism family; not graphed separately.

Source: This submission. Study CXA.061.MC.
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Figure 32: Ceftolozane-Tazobactam Broth Microdilution versus Disk Zone
Diameter against Enterobacteriaceae from Combined Clinical Studies (n=2125)-
MIC Breakpoints <8|16[>32
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Figure 33: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Enterobacteriaceae from Combined Clinical Studies (n=2125)-
MIC Breakpoints <4|8>16
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Figure 34: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Escherichia coli from Combined Clinical Studies (n=1594)-MIC
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Figure 35: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Escherichia coli from Combined Clinical Studies (n=1594)-MIC
Breakpoints <4|8|>16
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Figure 36: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Klebsiella pneumoniae from Combined Clinical Studies (n=185)-

MIC Breakpoints <8|16[>32
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Figure 37: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Enterobacteriaceae from Combined Clinical Studies (n=2125)-
MIC Breakpoints <4|8|>16
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Figure 38: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Klebsiella oxytoca from Combined Clinical Studies (n=76)-MIC
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Figure 39: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Klebsiella oxytoca from Combined Clinical Studies (n=76)-MIC
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Figure 40: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Enterobacter cloacae from Combined Clinical Studies (n=115)-
MIC Breakpoints <8|16>32
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Figure 41: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Enterobacter cloacae from Combined Clinical Studies (n=115)-

MIC Breakpoints <4|8>16
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Figure 42: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Proteus mirabilis from Combined Clinical Studies (n=70)-MIC
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Figure 43: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Proteus mirabilis from Combined Clinical Studies (n=70)-MIC
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Figure 44: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Pseudomonas aeruginosa from Combined Clinical Studies
(n=139)-MIC Breakpoints <8|16>32

Figure 13:  Ceftolozane/ Tazobactam Broth Microdilution vs Disk Zone Diameter against
Pseudomonas aeruginesa from Combined Clinical Studies, (n=139) - MIC
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Figure 45: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against Pseudomonas aeruginosa from Combined Clinical Studies
(n=139)-MIC Breakpoints <4|8|>16
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Figure 46: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against all Viridans Streptococci from Combined Clinical Studies
(n=236)-MIC Breakpoints <8|16>32
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Figure 47: Ceftolozane-tazobactam Broth Microdilutions Versus Disk Zone
Diameter Against all Viridans Streptococci from Combined Clinical Studies
(n=2125)-MIC Breakpoints <4/|8/>16
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MIC to MIC Correlation Results

For the each following figures, the solid line is the identity line and the dotted line is the
regression line of the graph. The red lines depict error bound analysis for each graph.
These lines were chosen using proposed sensitive, intermediate and resistant
susceptibility breakpoints for ceftolozane-tazobactam and 2013 CLSI susceptibility
breakpoints for comparator antibiotics.

211

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Figure 48: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Piperacillin-
Tazobactam, in Pseudomonas aeruginosa isolates using 2012 US Surveillance Data
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Figure 49: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Ceftazidime, in
Pseudomonas aeruginosa isolates using 2012 US Surveillance Data
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Figure 50: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Cefepime, in
Pseudomonas aeruginosa isolates using 2012 US Surveillance Data
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Figure 51: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Meropenem, in
Pseudomonas aeruginosa isolates using 2012 US Surveillance Data
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Figure 52: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Levofloxacin, in
Pseudomonas aeruginosa isolates using 2012 US Surveillance Data
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Figure 53: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Piperacillin-
Tazobactam, in Escherichia coli isolates using 2012 US Surveillance Data
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Figure 54: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Ceftazidime, in
Escherichia coli isolates using 2012 US Surveillance Data
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Figure 55: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Cefepime, in
Escherichia coli isolates using 2012 US Surveillance Data
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Figure 56: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Meropenem, in
Escherichia coli isolates using 2012 US Surveillance Data
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Figure 57: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Levofloxacin, in
Escherichia coli isolates using 2012 US Surveillance Data
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Figure 58: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Piperacillin-
Tazobactam, in Klebsiella pneumoniae isolates using 2012 US Surveillance Data
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Figure 59: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Cefepime, in
Klebsiella pneumoniae isolates using 2012 US Surveillance Data
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Figure 60: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Meropenem, in
Klebsiella pneumoniae isolates using 2012 US Surveillance Data
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Figure 61: MIC to MIC Correlation: Ceftolozane-Tazobactam, to Levofloxacin, in
Klebsiella pneumoniae isolates using 2012 US Surveillance Data
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This report summarizes ceftolozane-tazobactam susceptibility data from 2008-2012
through global surveillance studies for ceftolozane-tazobactam and comparator
antibiotics. Overall, the MIC90 values remained constant for ceftolozane-tazobactam
when the data are analyzed by year of surveillance and organism. The surveillance MIC
data did not show a potential for cross-resistance between ceftolozane-tazobactam and
marketed comparator antibiotics. The highest R value was seen between ceftolozane-
tazobactam and piperacillin-tazobactam in Klebsiella pneumoniae isolates (R*=.793) but
this is not considered significant.

Sensititre™ MIC Panel Development
A dried Sensititre 18-24 hour susceptibility (MIC) plate for ceftolozane-tazobactam was
developed and tested by B
®@©) Equivalency with the standard CLSI broth microdilution method was
established using 200 challenge and clinical isolates, as well as the ATCC QC strains
(CXA.008.MC). Essential agreements were calculated using the + 1 log2 dilution
standard comparison. The essential agreement rate for ceftolozane-tazobactam was
99.1% before repeat testing, and 100% after repeat testing. Additionally, a method for
manufacturing the dried panel with ceftolozane-tazobactam for auto-read was developed
(CXA.019.MC).
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Etest

@@y developed a ceftolozane-tazobactam combination
Etest strip for MIC determinations over the range of 0.016/4 to 256/4 mcg/mL
(CXA.030.MQ). Initial studies were performed on multiple prototypes to determine the
adequate dissolution conditions for the strip, performance of the strip against the QC
strains and a larger strain collection. Additionally, the impact of inoculum density, pH of
the medium, and initial strip stability were evaluated. Testing of the Etest strips for all
species studied, with the exception of Acinetobacter baumannii, were similar to broth
microdilution testing (within & 1dilution). The Etest reading was determined to be clear
and the ellipses were sharp. There was no impact of the inoculum on results at either the
standard conditions (0.4 to 0.6 McFarland) or at extreme conditions (0.3 to 1 McFarland).
Additionally, there was no impact on strip performance dependent on the medium pH.
Finally, the ceftolozane-tazobactam Etest strip is stable for shipping and storage.
Additional long-term stability studies are ongoing.
In brief, 106 strains were tested by Etest and compared to broth microdilution. The results
are displayed in the table below. Errors were classified as very major, i.e., false
susceptible result; major, i.e., false resistant result; and minor, i.e., one system reporting
an intermediate result and the other reporting a susceptible or resistant result. For the
ceftolozane-tazobactam Etest strip, there were 0% major errors, 5.8% minor errors with
no bias, and 5.9% very major errors. The very major errors resulted from a single strain
of A. baumannii (a wild-type strain) and 1 strain of Haemophilus influenzae, which
previously gave susceptible results on broth microdilution. For A. baumannii the
discrepant results were primarily observed when the MIC values were high and the
ellipse was often deformed. It is suggested that the Etest should not be used for A.
baumannii; however, against all other pathogen species studied, the strip performed well.
Additional studies are planned to evaluate the performance against more clinical isolates
as well as the reproducibility in multiple laboratories.

Reviewer’s Comment
Testing of the Etest strips for all species studied, with the exception of Acinetobacter

baumannii, were similar to broth microdilution testing (within + 1dilution). It is
suggested that the Etest should not be used for A. baumannii.
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Table: 120: Performance of the Etest Prototype Compared to Broth Microdilution

Strains Percent (%) Essential
Phenotype ™~ Essential Agreement Agreement
Streptococcus spp. 24 2124 873
Acinetobacter spp. 16 10/16 625
Haemophilus influenzae 13 12113 923
Pseudomonas aeruginosa 19 18/19 947
Enterobacteniaceae 31 29/31 935
Total 103* 90/103 873

Essential agreements were calculated as = 1 log; dilution with broth nucrodilution result
* 106 strains tested: 3 strans did not grow
Source: M5.3.5.4\CXA 030 MC

Conclusions

Susceptibility testing of ceftolozane and ceftolozane-tazobactam has been performed
using broth microdilution and agar dilution assays following CLSI methodology. The
MIC values were generally consistent among different laboratories and the addition of
tazobactam appears to have no effect on the reliability of microbiological test methods. A
disk potency study was conducted and the data were supportive of a 30/10 mecg
ceftolozane-tazobactam Kirby-Bauer disk, which resulted in zone diameters that can
likely differentiate susceptible and resistant isolates. Standard methodologies and QC
studies were used to identify QC ranges, which were approved by the CLSI for both broth
microdilution, agar dilution (anaerobes only), and Kirby-Bauer disk diffusion testing for
a variety of relevant QC organisms. Based on the known chemical and microbiological
properties of ceftolozane and tazobactam, susceptibility testing is not likely to present
any major technical issues.

Breakpoint Analysis

Reviewer’s Comment

Discussions with clinical pharmacology of breakpoints are still ongoing within the
Agency. Results of these discussions, as they pertain to clinical microbiology, will be
filed as an addendum to this review.

Reviewer’s Comment

In microbiology Section 12.4 of the ceftolozane-tazobactam labeling below (list of
microorganisms for complicated intra-abdominal infection, under gram-negative
anaerobes), bl

It 1s recommended that these organisms are not listed in
the labeling. See Agency’s proposed labeling below.
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Reviewer’s Comment

The Agency’s currently proposed Microbiology (section 12.4) and References (section
15.0) of the ceftolozane-tazobactam package insert is below. Since discussions are still
ongoing within the Agency, this does not represent the final version of the labeling.

11 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page

227

Reference ID: 3635749



DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

and community-acquired pathogens. These reports should aid the physician in selecting
an antibacterial drug product for treatment.

Dilution Techniques

Quantitative methods are used to determine antimicrobial MICs. Ceftolozane-tazobactam
susceptibility testing is performed with a fixed 4 ug/mL concentration of tazobactam.
These MICs provide estimates of the susceptibility of bacteria to antimicrobial
compounds. The MICs should be determined using a standardized test method (broth,
and/or agar).! The MIC values should be interpreted according to the criteria in Table 1.

Diffusion Techniques

Quantitative methods that require measurement of zone diameters can also provide
reproducible estimates of the susceptibility of bacteria to antimicrobial compounds. The
zone size provides an estimate of the susceptibility of bacteria to antimicrobial
compounds. The zone size should be determined using a standardized test method.” This
procedure uses paper disks impregnated with 30 mcg of ceftolozane and 10 mcg of
tazobactam to test the susceptibility of microorganisms to ceftolozane/tazobactam.
Results should be interpreted according to the criteria in Table 1.

Table 3: Susceptibility Interpretive Criteria for ZERBAXA™

Pathogen and Isolate Minimum Inhibitory Disk Diffusion

Source Concentrations (mcg/mL) Zone Diameter (mm)
S I R S I R

Enterobacteriaceae <8.0 16.0 >32.0 >19 16-18 <15

Pseudomonas aeruginosa <8.0 16.0 >32.0 >20 15-19 <14

Streptococcus anginosus <8.0 16.0 >32.0 >16 12-15 <11

Streptococcus constellatus

and Streptococcus salivarius

Anaerobes <8.0 16.0 >32.0 NA NA NA

S = susceptible, I = intermediate, R = resistant

Anaerobic Techniques:

For anaerobic bacteria, the susceptibility to ceftolozane-tazobactam can be determined by
standardized test method.> The MIC values obtained should be interpreted according to
criteria provided in Table 1.

A report of “Susceptible” indicates that the antimicrobial is likely to inhibit growth of the
pathogen if the antimicrobial compound reaches the concentration at the infection site
necessary to inhibit growth of the pathogen. A report of “Intermediate” indicates that the
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result should be considered equivocal, and if the microorganism is not fully susceptible to
alternative clinically feasible drugs, the test should be repeated. This category implies
possible clinical applicability in body sites where the drug is physiologically
concentrated. This category also provides a buffer zone that prevents small uncontrolled
technical factors from causing major discrepancies in interpretation. A report of
“Resistant” indicates that the antimicrobial is not likely to inhibit growth of the pathogen
if the antimicrobial compound reaches the concentrations usually achievable at the
infection site; other therapy should be selected.

Quality Control

Standardized susceptibility test procedures require the use of laboratory controls to
monitor and ensure the accuracy and precision of supplies and reagents used in the assay,
and the techniques of the individuals performing the test. Standard ceftolozane-
tazobactam powder should provide the following range of MIC values provided in

Table 2. For the diffusion technique using the 30 mcg ceftolozane / 10 mcg tazobactam
disk the criteria provided in Table 2 should be achieved. *

Table 4: Acceptable Quality Control Ranges for Susceptibility Testing
Quality Control Minimum Inhibitory Disk Diffusion
Organism Concentrations (mcg/mL) Zone Diameters (mm)
Escherichia coli 0.12-0.5 24-32
ATCC 25922

Escherichia coli 0.06-0.25 25-31
ATCC 35218

Pseudomonas 0.25-1 25-31
aeruginosa

ATCC 27853

Haemophilus influenzae 0.5-2 23-29
ATCC 49247

Klebsiella pneumoniae 0.5-2 17-25
ATCC 700603

Streptococcus 0.25-1 21-29
prneumoniae

ATCC 49619

Bacteroides fragilis 0.12-1 Not Applicable
ATCC 25285 (agar and
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Quality Control Minimum Inhibitory Disk Diffusion
Organism Concentrations (mecg/mL) Zone Diameters (mm)
broth)

Bacteroides 16-128 Not Applicable
thetaiotaomicron

ATCC 29741 (agar)

Bacteroides 16-64 Not Applicable
thetaiotaomicron

ATCC 29741 (broth)

ATCC = American Type Culture Collection
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RECOMMENDATIONS
The application is approvable pending an accepted version of the labeling.
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Study References
Ceftolozane-tazobactam studies referenced in the NDA and in this review are shown in
the Table below:
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Table 121: Ceftolozane-Tazobactam Microbiology Studies

Study Number

Description Title

CRENG0041

In vivo antibacterial activity of FR264205

CREDG0042

In vitro antibacterial activity of FR264205

CHA 003 MC

Crualiry control limits for broth microdilution suscepribility tests of CXA-
101 ‘tazobactam agaimst Excherichea colf ATCC 25822, Escherichia colt
ATCC 35218, Staplploceccus aureus ATCC 29213, Prgudomonas
aeruginesa ATCC 27853, Klebsiella pneumonioe ATCOC 700603,
Haemophilos influenzae ATCC 49247, Bacreriodes fragiliz ATCC 25285
and Bacterioides theraiotaomicron ATCC 20741 and agar dilution
susceptibility tests against B fragilic ATCC 25285 and B. rhetmotmomicron
ATCC 207541

CHA 04 MC

Cruality conmrol ranges for disk diffosion susceptibility ests of C3A-

101 'tazobactam agamst Staphyiecoccus aurens ATCC 235823,
Staphylococcus qurers ATCC 20213, Escherichia coli ATCC 25022,
Escherichia coli ATCC 35218 on Mueller-Hinton Apar and Haemophilos
Test Medmum, Klebsiella pneumonige ATCC 700603 Psendomonas
seruginesa ATCC 27853, Haemophilus oyfluenzae ATCC 49247 nsing
CLSI Methodology and Haemophiluz ingfluenzoe MCTC 8468 Using
EUCAST Methodology

C3A 006.MC

In vitro susceptbility testing — impact of test method parameters on the
activiry of CXA-201

CXA 007.MC

Development of & method for manufactaning Sensititre “dry” MIC plates
contzining CXA-101TAES or CA-101

C3A D)EMC

An equivalency smdy of the commercially prepared dried MIC plate [Test]
compared with the CLS5I broth microdilution reference method for CXA
and comparator antdmicrobials

CHA 009 MC

In vivo comparizon of CHA-101 (FE264205) with and without tazobactam
versus piperacillin-tazobactam using buman simulated exposures against
phenotypically diverse Gram-negative organisms

CHA 010.MC

Effect of CXA-20] in combination with meronidazole at varying
concentrations agaimst Excherichia colt and Klebsiella pneumonioe in a
checkerboard MIC assay under serobic, micToserophilic and anaetobic
conditions

CXA011.MC

Effect of differsnt concentrations of surfactant on the MIC of C3A-101/201
apzinst Staphyiococcus aureus, Poeudomonas aeruginesa and Elebsiella
DReUmOonia
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Study Number Description/Title

CXA012MC Acquisition of resistance in P geruginosa in the presence of CXA-101,
ceftazidime or meropenem by serial passage

CHA 013 MC Besistance incidence of CXA-101, ceftazidime or meropenem n
Fseudomenas aeruginesa

CXA 014 MC Susceptibility of P aeruginosa and 4. baumanmii efflux nmitants to
ceftolozane and ceftolozane + 4pg/ml tazobactam (TOLTAZF).

CXAO0I5MC PBPs profile and binding affinities of CXA-101, ceftazidime and imipenem
of pan-beta-lactam resistant Prendomonas aeruginosa clinical strains

CXA 016 MC Cuality contrel limits For microdilution susceptibility tests of CXA-201
against 5. preumoniae ATCC 49619

CHA 01T MC Surveillance of ceftolozanetazobactam antimicrobial activity when tested

against Gram-negative orgamisms and streptococed isolated in Furope
(2011). To determine the mechanisms responsible for elevated
ceftolozane/tazobactam MIC values among selected Pseudomonas
aeriginesa isolates from a Furopean swrveillance study.

CXADI8MC CANWARD 2011: Study A National Population Based Surveillance
System  Assessing the Prevalence of Antimicrobial Resistance in Pathogens
Associated with Respiratory, Slan and Soft Tissue, Urninars and Bacteremic
Infections in Hospitalized Patients in Canada

CXAO019MC Ceftolozane Tazobactam for anto-read

CXA 020MC Analysis of the antibacterial inferactions between cefiolozane/tazobactam
and other antinvicrobial agents by determining fractional inhibitory
concentrations (FIC) and time kill kineties

CXA 021 MC Potential role of extended-spectium AmpCs in decreased susceptibility to
ceftolozane (previously CXHA-101) among AmpC-derepressed P.
AETHEINesa.

CXA 022MC Surveillance of ceftolozane tazobactam antimicrobial activity when tested
against Gram-negative organism and Shrepfococer Isolated in the TISA
(2011)

CHA 025 MC In vitro activity of ceftolozane in combination with tazobactam when tested
against ESBL producing Enterobacteriaceae and various other selected
Gram-negative bacilli

CHA 024 MC In vitro dynamics and mechanisms of resistance development to CXA-201
and comparators in P. asruginosa

CHA025MC Evaluation of the in vivo moculum effect of CXA 201 in a nmrine thigh
model

CXA 026 MC Evaluation of the in vitro activity of CXA-201 against a broad spectrum of
recent clinical anaercbic 1solates with an emphasis on Bactersides fiagilis

g
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DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Study Number

Description/Title

CXA 027TMC

Disk mass study to confirm appropriate mass or potency of
ceftolozane/tazobactam (CXA-201) for EUCAST disk diffusion festing

CXA 028 MC

Disk versus broth comrelation study for ceftolozane/tazobactam (CXA-201)

CXA 030.MC

Beport of September Besults of Etest CXA201 (=Etest C/T 256)

CXA 031.MC

Determination of resistance incidence (BI) frequency of ceftolozane and
comparators to Pseudomonas aeruginesa PAOL

CXA 033.MC

In witro activity of ceftolozane/tazobactam against 952 Pseudomenas
aemuginosa clinical isolates including prperacillin‘tazobactam. ceftazidime,
cefepime, aztreonam meropenem ciprofloxacin, gentanvicin or colistin
resistant as well as npmlti-dmg resistant (MDR) strains obtained from
Canadian hospitals

CXA 039.MC

Pharmacokinetic-pharmacodynamic evaluation of CXA-201 against multi-
dmyg resistant Gram-negative organisms in an in vitro hollow fiber model

CXA 040 MC

Pharmacodynamics of CXA-101 plus tazobactam (CXA-201) studied in an
i vitro pharmacokinetic model of infection

CXA 041 MC

Aszessment of the in vitro post B-Lactamase inhibitor effect (PBLIE) of
tazobactam when asseciated with ceftolozane and tested against well
charactenized ESBL-producing strains

CXA 042 MC

Aszessment of pharmacolinetics and protein binding of ceftolozane and
tazobactam in neutropenic mice.

CHA 043 MC

Pharmacokinetics-pharmacodynamics of tazobactam in combination with
ceftolozane in an in vitro infection model

CXA 044 MC

Optinuzing CHA-201 cell kill and preventing Pseudomonas resistance
emergence in an in vitro infection mode]

CXA 045MC

Validation of the tazobactam pharmacolinetic-pharmacodynamic driver
when used m combination with CXA-101 versus three clinical strains of
Klebsziella pnenmoenias in an in vitro infection model

CXA 047 MC

Relationship Between Ceftolozane Tazobactam Exposure and Dmig-
Besistance Amplification in a Hollow-Fiber Infection Model

CXA 048 MC

Surveillance of ceftolozanetazobactam Antimerobial Activity when tested
Against Gram-Negative Organism and Strepfococer Isolated in the USA
n17)

CXA 040 MC

Surveillance of ceftolozanetazobactam antimicrobial activity when tested
against Gram-Negative orgamisms and sirepiecoced isolated in the USA
(2008, 2011.2012). EU. Canada and the Britain (2011 2012)

CXA 050 MC

Enzyme kinetics for tazcbactam versus TEM-1, CTX-M-14, and CTX-M-
15 Beta-Lactamase Enzymes

CXA 051.MC

Evaluation of the in vitro activity of ceftolozane/tazobactam against recent
Gram-positive clinical isolates from the United States and worldwide.

Reference ID: 3635749
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DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Study Number

Description/Title

CXA 052MC

EUCAST Laboratory for Antimicrobial Susceptibility Testing: MIC and
zone diameter comrelate study for ceftolozane-tazobactam to establish
EUCAST breakpoints

CXA053.MC

Stability of ceftolozane/tazobactam in broth medium

CXA 054 MC

Surveillance of Ceftolozane/Tazobactam Antimicrobial Activity when
tested Against Gram-Negative Organism and Streptococci Isolated in
Europe (2012)

CXA055MC

Efficacy of ceftolozane in a nmrine model of Pseudomonas aeruginesa
acute pnenmonia: in vivo antimicrobial activity and impact on host
mnflammatory response

CXA057MC

In vitro susceptibility of ceftolozane and ceftolozane/tazobactam and
selected comparators against clinical 1solates of Escherichia coli producing
CTX-M-14 type ESBLs

CXA 060 MC

Comparnison of ceftolozane/tazobactam annual global surveillance data
(2011-2012) to baseline pathogens from clinical studies CXA-cUTI-10-04
and CXA-cUTI-10-05

CXA 061.MC

Analysis of cefiolozane/tazobactam broth microdilution MIC vs disk zone
diameter against target species from cIAl and cUTI clinical studies

CXA 062MC

CXA-cUTI-10-04 and CXA-cUTI-10-05 Central Microbiology Laboratory
Summary of Antimicrobial Susceptibility Testing and Quality Coatrol

CXA 063.MC

CXA-cUTI-10-08 and CXA-cUTI-10-09 central microbiology laboratory
summary of antimicrobial susceptibility testing and quality control

CXA065MC

Summary of Supplemental Molecular Characterization at e

for CXA-cUTI-10-04 and CXA-cUTI-10-05 Clinical Studies

CXA 066 MC

Summary of Supplemental Molecular Characterization at L
for CXA-cIAI-10-08 and CXA-IAI-10-09 Clinical Studies

CXA067.MC

Summary of antimicrobial susceptibility testing of non-B. fragilis group
anaerobic isolates from clinical studies CXA-cIAI-10-08 and CXA-cIAI-
10-09

CXA 068 MC

Decreased Susceptibility to Ceftolozane/Tazobactam on Therapy in CXA-
cUTI-10-04 and CXA-cUTI-10-03: Identification of Genetic Determinants
that confer Non-Susceptibility to Ceftolozane/Tazobactam

CXA072MC

CXA-201 and Comparison P-lactams: Propensities to Select Less
Susceptible Mutants

CXA073.MC

Determination of pharmacodynamic target for ceftolozane against
Streptococcus pneumoniae in the neutropenic thigh infection model

CXA075MC

CANWARD 2012: Study A National Population Based Surveillance
System. Assessing the Prevalence of Antimicrobial Resistance in Pathogens
Associated with Respiratory, Skin and Soft Tissue. Urinary and Bacteremic
Infections in Hospitalized Patients in Canada
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DIVISION OF ANTI-INFECTIVE PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Study Number

Description Title

CXA 076 MC

In vitro susceptibility of ceftolozane and ceftolozane/tazobactam and
selected comparators against clinical isolates of Escherichia coli producing
CTX-M-15 type ESBLs

CXA0TEMC

Phenotypic and genotypic characterization of Elebsiella pnermmonia
clinical isolates to be utilized for pharmacodvnamics modeling
studies

CXA 079 MC

Construction of Recombinant Vectors Transcribing Different Levels of
blaCTX-M-15 mRNA to e Utilized in an Isogenic Backzround for
Pharmacodynamic Modeling studies

CXA 080MC

Affinity of the cefiolozane to the penicillin binding proteins of
Psendomonas aermginosa and Esherichia cali

CXA0BLMC

Stability of ceftolozane and tazobactam in water and saline at various
temiperatures and time points

CXA 082 MC

In vitro activity of ceftolozane alone and in combination with tazobactam
against extended spectrum f-lactamase harbouring Enterobacteniaceae

CXA 083.MC

Cefiolozane/tazobactam: pharmeodynamics of ceftolozane combined with
tazobactam in a newtropenic mouse thigh model

CXA 084 MC

In vitro dynamics and mechanisms of resistance development to CXA-201
and comparators in P. aerrginosa-Part I

CXA 085MC

The Pharmacodyvnamic Activities of CXA-101: Addendum to Report
CIAT01-M-004-Analysis of 2-Log Kill Data

CHA-101-M-001

Characterizing the activity of CXA-101: susceptibility by broth
microditution/agar dilution effect of testing conditions on activity, and
assessment of cidality by timelill kinetics MBC analysis

CHA-101-M-002

Spectrum of activity and potency of CXA 101 combined with a Beta
lactamase inhibitor

CHA-101-M-004

The pharmacodynamic activites of the C3A-101

CHAL01-M-006

Evalvaticn of appropriate disk mass for testing CXA101 alone and in
combination with tazobactam against clinically relevant pathogens

CXA101-M-007

Activity of the new antipsmedomeonal cephalosporin CXA-101 against P
aeruginosa isolates from chronically infected cystic fibrosis patients

CHA101-M-010

Activity of the new antipsendomenal cephalosporin CXA-101 against
carbapenam resistant P. asruginosa isolates from a large multi-center study
in Spain

CHA101-M-011

Actrvity of the new cephalosperin CXA-101 against beta lactam and
flucroquinolone resistant Prendomonas asruginosa from intensive care unit
patients

CHAI0I-M-012

Activity of the new cephalosporin CXHA-101 against biofilm of relevant P.
aeruginosa phecntypes in cystic fibrosis chronic lung infection: mmcoid and
hypermmitable strains

Reference ID: 3635749
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NDA 206829 DATE REVIEW COMPLETED: 9-26-14

Ceftolozane-Tazobactam

Study Number

Description/Title

CXAL01-M-013

Affinity of the new cephalosporin CXA-101 to penicillin binding proteins

of Preudomonas asruginosa

CHA-101-M-014

Activity of CXA-101 against Prendomonas aeruginosa beta lactam
resistant mechanisms: ampD), ampDh?, anmpDh3, dacB and oprD mutations

CHA201-M-001

Cheguerboard titrations of cephalosporm CXA-101 and tazobactam vs. beta
lactamase producing Entercbacteriaceae

CXA201-M-002

In vitro activity of CXA-101 plus tazobactam against genotypically
characterized extended spectrum B-lactamase producing E. coli and K
PHELMONITE

CHA201-M-003

Surveillance of CXA-101/tazcbactam against target Gram-negative
pathogens and Streprococe

CHA201-M-004

In vitro potency of CXA-101, a novel cephalosporin. against resistamnt
phenotypes of Prendomonar aeruginosa, including pmlti-dmg resistant
1zolates

CHA201-M-006

In vitro assessment of an investigational cephalosporin, CXA-101, in
combination with tazobactam, against Prendomonas aeriginosa,
Escherichia coli, and Kebsiella prieumoniae strains exhibiting different
resistant phenotypes

CXA201-M-009

Spectrum of activity and potency of CXA-101 combined with tazobactam
tested against Pseudomenas aergimosa

CXA?01-M-010

50% Effectrve dose (ED50) determination of CXA-101 alone or in
combination with tazobactam for treating experimental peritonitis in mice
due to extended-spectrum f-lactamase (ESBL)-producing Escharichia coli
strains: comparison with ceftazidime and piperacillin/tazobactam

CHA201-M-013

CHA201-M-013 (CXA 005.MC) - In vitro antibacterial activity of CXA-
101 against P. aeruginosa with characterized mechanisms of resistance

CHA201-M-014

CXA201-M-014 - 50% Effective dose (ED50) determination of CXA-101
alone or in combination with tazobactam for treating experimental
petitonitis in mice due to extended-spectium f-lactamase (ESBL)-
producing Elebsiella preumoniae strains: comparison with ceftazidime and
piperacillin/tazcbactam

CX-BD-001

Activity of cephalosporin CXA-101 (FR264205) against Preudomonas
aeruginesa and Burkholderia cepacia group strains and isolates.
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CLINICAL MICROBIOLOGY REVIEW

NDA 206829 DATE REVIEW COMPLETED: 9-26-14
Ceftolozane-Tazobactam

Kerian K. Grande Roche, Ph.D.
Clinical Microbiology Reviewer, DAIP

Kerry Snow, MS, MT(ASCP)
Clinical Microbiology Team Leader
26 September 2014
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Product Quality Microbiology Review

15 September 2014

NDA: 206829
Drug Product Name
Proprietary: ZERBAXA

Non-proprietary: ceftolozane/tazobactam

Review Number: 1

Dates of Submission(s) Covered by this Review

Submit Received Review Request Assigned to Reviewer
19 APR 2014 21 APR 2014 21 APR 2014 24 APR 2014
08 JUL 2014 08 JUL 2014 N/A N/A
25 JUL 2014 25 JUL 2014 N/A N/A
25 AUG 2014 25 AUG 2014 N/A N/A
27 AUG 2014 27 AUG 2014 N/A N/A
Applicant/Sponsor

Name: Cubist Pharmaceuticals, Inc.
Address: 65 Hayden Avenue, Lexington, MA 02421
Representative: Charles Miller
Telephone: 781-240-7676
Name of Reviewer: Erika Pfeiler, Ph.D.

Conclusion: Recommended for Approval

Reference ID: 3627765



NDA 206829 Microbiology Review # 1

Product Quality Microbiology Data Sheet

A. 1.  TYPE OF SUBMISSION: 505(b)(2)

2. SUBMISSION PROVIDES FOR: Initial marketing of a sterile drug
product

3. MANUFACTURING SITE: BE

4. DOSAGE FORM, ROUTE OF ADMINISTRATION AND
STRENGTH/POTENCY:

Sterile lyophilized powder

1.5 g (1 g ceftolozane, 0.5 g tazobactam)

Intravenous infusion

5. METHOD(S) OF STERILIZATION: N/A, drug product manufacturer
®D fills sterile drug substance powders.

6. PHARMACOLOGICAL CATEGORY: Treatment of complicated
urinary tract infections (cUTI) and complicated intra-abdominal infections
(cIAI)

B. SUPPORTING/RELATED DOCUMENTS:

Microbiology Review 1 of DMF PODARRTS Date 15 September 2014
Microbiology Review 1 of DMF ®@ DARRTS Date 11 September 2014
Microbiology Review 1 of DMF ®® DARRTS Date 11 September 2014
Microbiology Review 12 of DMF ®® DARRTS Date 11 September 2014.

C. REMARKS: N/A

filename: N206829R1.doc

Page 2 of 24
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NDA 206829 Microbiology Review # 1

Executive Summary

1. Recommendations
A. Recommendation on Approvability - Recommended for
Approval
B. Recommendations on Phase 4 Commitments and/or

Agreements, if Approvable — N/A

I1. Summary of Microbiology Assessments
A. Brief Description of the Manufacturing Processes that relate to
Product Quality Microbiology — Product is O@filled at

the manufacturing site.
B. Brief Description of Microbiology Deficiencies — N/A
C. Assessment of Risk Due to Microbiology Deficiencies — N/A

D.  Contains Potential Precedent Decision(s)- [ | Yes [X] No

I11. Administrative

A. Reviewer's Signature

Erika Pfeiler, Ph.D.
Microbiologist

B. Endorsement Block

Stephen Langille, Ph.D.
Senior Review Microbiologist

C. CC Block
N/A

21 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this page

Page 3 of 24
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CLINICAL Microbiology: 45-Day Meeting NDA Checklist for Filing

NDA: 206829 Zerbaxa (ceftolozane/tazobactam).

Received: 04/21/14
Due: 12/21/14

Clinical Microbiology Reviewer: Avery Goodwin, Ph.D

On initial overview of the NDA application for RTF:

No.

Item

Yes

No

Comments

Is the clinical microbiology information
(preclinical/nonclinical and clinical) described in
different sections of the NDA organized in a manner
to allow substantive review to begin?

Is the clinical microbiology information
(preclinical/nonclinical and clinical) described in
different sections of the NDA indexed, paginated,
and/or linked in a manner to allow substantive review
to begin?

Is the clinical microbiology information
(preclinical/nonclinical and clinical) in different
sections of the NDA legible so that substantive review
can begin?

On its face, has the applicant submitted in vitro data in
necessary quantity, using necessary clinical and non-
clinical strains/ isolates, and using necessary numbers
of approved current divisional standard of
approvability of the submitted draft labeling?

Has the applicant submitted draft provisional
breakpoint and interpretive criteria, along with quality
control (QC) parameters, if applicable, in a manner
consistent with contemporary standards, which
attempt to correlate criteria with clinical results of
NDA studies, and in a manner to allow substantive
review to begin?

Has the applicant submitted any required animal
model studies necessary for approvability of the
product based on the submitted draft labeling?

Has the applicant submitted all special/critical
studies/data requested by the Division during pre-
submission discussions?

Has the applicant submitted the clinical microbiology
datasets in a format which intends to correlate baseline
pathogen with clinical and microbiologic outcomes
exhibited by relevant pathogens isolated from test of
cure or end of treatment?

Has the applicant submitted a clinical microbiology
dataset in a format which intents to determine
resistance development by correlating changes in the
phenotype (such as in vitro susceptibility) and/or

Reference ID: 3523306




CLINICAL Microbiology: 45-Day Meeting NDA Checklist for Filing
NDA: 206829 Zerbaxa (ceftolozane/tazobactam).

Received: 04/21/14

Due: 12/21/14

Clinical Microbiology Reviewer: Avery Goodwin, Ph.D

genotype (such as mutations) of the baseline relevant
pathogen with clinical and microbiologic outcome as
exhibited by relevant pathogens isolated from test of
cure or end of treatment?

10 Has the applicant used standardized methods or if
non-standardized methods were used has the applicant
included full details of the method, the name of the v
laboratory where actual testing was done and
performance characteristics of the assay in the
laboratory where the actual testing was done?

11 Is the clinical microbiology draft labeling consistent
with 21 CFR Parts 201, 314, 601 and current v
Divisional policy.

12 FROM A CLINICAL MICROBIOLOGY
PERSPECTIVE, IS THIS NDA FILEABLE? IF NO, | v/
GIVE REASONS BELOW.

Application Type: PDUFA V Application / Priority with QIDP designation / 8-
month review clock

INDICATIONS: Complicated Intra-abdominal infections; Complicated Urinary
Tract Infections including pyelonephritis.

Any Additional Clinical Microbiology Comments: There are no additional comments

Avery Goodwin, Ph.D. Kerry Snow, MS.
Reviewing Clinical Microbiologist Team Leader Clinical Microbiology
DAIP DAIP
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PRODUCT QUALITY MICROBIOLOGY FILING CHECKLIST

NDA Number: 206829 Applicant: Cubist Letter Date: 19 April 2014
Pharmaceuticals, Inc.

Drug Name: ZERBAXA NDA Type: 505(b)(2) Stamp Date: 21 April 2014

(proposed)

The following are necessary to initiate a review of the NDA application:

Content Parameter Yes No Comments

1 | Is the product quality microbiology information described | X
in the NDA and organized in a manner to allow substantive
review to begin? Is it legible, indexed, and/or paginated
adequately?

2 | Has the applicant submitted an overall description of the X
manufacturing processes and microbiological controls used
in the manufacture of the drug product?

3 | Has the applicant submitted protocols and results of X
validation studies concerning microbiological control
processes used in the manufacture of the drug product?

4 | Are any study reports or published articles in a foreign X The submission is in
language? If yes, has the translated version been included English.
in the submission for review?

5 | Has the applicant submitted preservative effectiveness X The drug product is
studies (if applicable) and container-closure integrity intended for single use
studies? and does not contain a

preservative.

6 | Has the applicant submitted microbiological specifications X
for the drug product and a description of the test methods?

7 | Has the applicant submitted the results of analytical method X
verification studies?

8 | Has the applicant submitted all special/critical studies/data | X See Additional
requested during pre-submission meetings and/or Comments.
discussions?

9 | If sterile, are extended post-constitution and/or post- X

dilution hold times in the draft labeling supported by
microbiological data?

10 | Is this NDA fileable? If not, then describe why. X

Reference ID: 3516461



Additional Comments:

This application describes a sterile powder for reconstitution which is followed by intravenous
infusion. This is a rolling submission, with the applicable CMC and quality microbiology
information submitted in April 2014. Prior to this submission, a series of meetings were held
between FDA and the applicant regarding ®®@ at the drug product manufacturing
site. FDA agreed to file the application prior to this facility being ready for inspection, and prior
to performance of ®@ qualifying media fills. As part of this agreement, the applicant
committed to submit data following completion of the fills in August 2014.

Letters of Authorization for Drug Master Files O®@ were
provided in the application, as these provide supporting information for the NDA review.

Erika Pfeiler, Ph.D. Date
Microbiologist
Stephen Langille, Ph.D. Date

Senior Review Microbiologist

Reference ID: 3516461



The following information requests should be conveyed to the applicant in the 74-day letter.

Sterile Ceftolozane Drug Substance

L.

Your application describes the manufacturing process for the sterile ceftolozane drug
substance, and states that a commercial filling batch size will be ®® provide a
description of the planned manufacturing campaign for the drug substance, including the
maximum campaign duration.

Your application provides stability information for the non-sterile ceftolozane drug
substance, but does not provide information for the sterile drug substance. Provide a
stability summary, post-approval stability protocol and commitment, and stability data for
the sterile ceftolozane drug substance.

Drug Product

1.

Reference ID: 3516461

Your application describes microbiological spiking studies to support post-dilution hold
time of the drug product in 0.9% saline or DSW. The study methods that you describe
are adequate; however, the study duration of your 2-8°C samples is 14 days to support a
% day post-dilution hold period. Typical hold time studies use a hold time that is 2-3
times longer than the proposed holding period listed on the product label. You may wish
to repeat the 2-8°C hold study for a minimum of 20 days; alternatively, your labeling
should state a maximum holding time of 7 days. Please note that this comment only
applies to the product held at 2-8°C.
A description of the requalification studies for the e
equipment was provided in your application, and states that the
expiration date for one set of biological indicators was August 2013, when the study was
performed in October 2013 (Section 5.3.4.4). Clarify the expiration date of your
biological indicators.

Your application describes the ®® drug substance powders.
Provide a list of equipment used for drug product filling, including auxiliary equipment
used for ®®) " List the location of each piece of equipment in
your facility.

Your application states that the i
are requalified
once every three years. Typically, requalification 1s performed on an annual basis.
Provide a rationale for your schedule of requalification for this equipment.

Your application describes a requalification study for the BE
Provide the date on which this study was conducted.

Your application describes media fill simulations that use sterile. ~ ®® to simulate
powder filling, which is immediately followed by the in-line addition of B
Provide a description of how equipment used in media fill simulations is different from
equipment used to fill drug product.



7.

10.

Reference ID: 3516461

Your application describes methods for media fill simulations, but you do not state your
planned requalification schedule. Provide your proposed schedule of media fill
simulations.

The description of your facility’s media fills states that acceptance criteria are considered
to be met if the number e
is in agreement with limits
listed in Table 68 (Section 5.4.2). This criterion is unacceptable, »e
even though they represent a
worst-case for media fill failure. You should revise your media fill acceptance criteria to
account for all filled and incubated vials.

You perform growth promotion testing as a part of your media fill simulations. Confirm
that this testing is performed at the same incubation temperature as used for media fill
test vials.
We acknowledge that you plan to submit data from media fills to qualify. ~ ®® no later
than August 25, 2014. Further, we acknowledge the summaries of previous media fill
activities that you provided in your application. Provide a summary description of the
media fill study that you plan to conduct following completion of the manufacturing

®® " nclude the number of fills, the duration of fills, a summary of proposed
mterventions, and proposed acceptance criteria.
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