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piperacillin/tazobactam or combination therapy with metronidazole and cefepime, ceftazidime,
ciprofloxacin, or levofloxacin1.
The draft guidance for industry on developing drugs for treatment of cIAI2 that was available
at the time of this NDA submission recommends active-controlled trials using a comparator
approved for cIAI and recommended for use in current treatment guidelines. Trials should
include patients with a variety of cIAI diagnoses. Pretrial antimicrobial therapy, if initiated,
should be with a drug with a short serum half-life and be used for no more than 24 of the
previous 72 hours. Concomitant antimicrobial therapy is acceptable to provide coverage
against a wide variety of pathogens but should not have overlapping activity with the
antibacterial spectrum of the investigational drug; when culture results become available,
therapy should be modified appropriately. The recommended primary efficacy endpoint is
clinical success, defined as complete resolution of baseline signs and symptoms attributable to
cIAI at a fixed time point approximately 28 days following randomization, and the absence of
clinical failure, including death, persistence of clinical symptoms of cIAI, unplanned surgical
or percutaneous drainage procedures, or initiation of rescue antibacterial drug therapy for cIAI
occurring up to the fixed time point at 28 days following randomization. The recommended
primary analysis population is the microbiological intent-to-treat (ITT) population, defined as
all randomized patients who have baseline pathogens that cause cIAI and against which the
investigational drug has antibacterial activity. For noninferiority trials, a margin of 10 percent
can be supported for an endpoint of clinical success or clinical failure at 28 days following
initiation of antibacterial drug therapy in the microbiological ITT population.
Complicated urinary tract infections
Complicated urinary tract infections are frequently associated with functional or anatomic
abnormalities of the urinary tract and are characterized by local and systemic signs and
symptoms. Pyelonephritis, regardless of underlying abnormality of the urinary tract, is a subset
of cUTI. Conditions that increase the risk of developing cUTI include presence of a urinary
catheter, 100 mL or more of residual urine after voiding, obstructive uropathy, azotemia
caused by intrinsic renal disease, and urinary retention. Pathogens include Enterobacteriaceae
and other Gram-negative and Gram-positive bacteria, including enterococci. Numerous
antimicrobial agents are approved for the treatment of cUTI. Current treatment guidelines for
women with acute uncomplicated pyelonephritis who require hospitalization and intravenous
therapy recommend a fluoroquinolone, an aminoglycoside with or without ampicillin, an
extended-spectrum cephalosporin or penicillin with or without an aminoglycoside, or a
carbapenem3.
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administration of ceftolozane and tazobactam in combination did not have a significant effect
on the pharmacokinetics of the drugs compared with administration of each drug alone. After 4
weeks of dosing in rats and dogs, ceftolozane accumulated in the kidneys; levels were
undetectable 4 weeks after the end of dosing. The label for Zosyn states that tazobactam is
widely distributed into tissues and body fluids and is approximately 30% bound to plasma
proteins. Ceftolozane exhibits plasma protein binding of approximately 10 to 20% in mice,
rats, dogs, and humans. Ceftolozane and tazobactam are excreted primarily in the urine by
glomerular filtration.
In 28-day studies in rats and dogs with doses up to 1000mg/kg/day, ceftolozane produced
hyaline droplet formation in proximal tubules of the renal cortex. Hyaline droplet formation,
which has been observed with other cephalosporins, was dose-dependent and reversible, and,
in the absence of other relevant pathology, is not considered adverse in adult animals. In a nonGLP study in juvenile rats, however, ceftolozane-associated renal findings included tubular
basophilia and renal cortical fibrosis in addition to hyaline droplet formation. These findings
are consistent with tubular cell loss and regeneration, and suggest the possibility of renal
toxicity in juvenile animals. Dr. Wild recommended that renal function be monitored in future
pediatric trials.
In rats and dogs, tazobactam produced increased liver weight and liver histopathology
consistent with accumulation of glycogen and increased smooth endoplasmic reticulum. In
rats, related changes in serum chemistry were observed. These findings were dose-dependent
and reversible, and, in the absence of other relevant pathology, are not considered adverse.
High doses of tazobactam were associated with mild hematologic changes, including
decreased hemoglobin, hematocrit, and red blood cell counts, and occasionally with increased
platelet counts and percentage of lymphocytes. There was no associated bone marrow
pathology.
In repeat-dose studies of ceftolozane plus tazobactam in rats (1 month) and dogs (2 weeks), no
new or increased toxicities were observed.
Ceftolozane was negative for genotoxicity in an in vitro microbial mutagenicity (Ames) assay,
an in vitro chromosomal aberration assay in Chinese hamster lung fibroblast cells, an in vivo
mouse micronucleus assay, and an in vivo unscheduled DNA synthesis (UDS) assay.
Ceftolozane was positive for mutagenicity in an in vitro mouse lymphoma assay. Tazobactam
was negative for genotoxicity in an in vitro Ames assay, an in vitro chromosomal aberration
assay in Chinese hamster lung fibroblast cells, a mammalian point mutation (Chinese hamster
ovary cell HPRT) assay, and an in vivo rat bone marrow micronucleus assay, and an in vivo
UDS assay. In another mammalian (mouse lymphoma cell) gene mutation assay, tazobactam
was positive. Ceftolozane plus tazobactam was negative for genotoxicity in an in vitro mouse
lymphoma assay and an in vivo rat bone marrow micronucleus assay. In an in vitro
chromosomal aberration assay in Chinese hamster ovary cells, the combination was positive
for structural aberrations. Dr. Wild stated that these findings suggest minimal potential for
genotoxicity in humans.
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Long-term carcinogenicity studies in animals have not been conducted with ceftolozane,
tazobactam, or ceftolozane plus tazobactam.
Ceftolozane had no adverse effect on fertility in male or female rats at intravenous doses up to
1000 mg/kg/day, a dose which provides approximately 3 times the mean plasma exposure in
healthy adults at the clinical dose of 1 g q8h. In a rat fertility study with intraperitoneal
tazobactam twice daily, male and female fertility parameters were not significantly affected at
doses less than or equal to 640 mg/kg/day (approximately 4 times the recommended clinical
daily dose based on body surface comparison).
Embryo-fetal development studies performed with ceftolozane in mice and rats at doses of up
to 2000 and 1000 mg/kg/day, respectively, revealed no evidence of harm to the fetus. Whether
ceftolozane crosses the placenta in animals is unknown. In a pre-postnatal study in rats,
ceftolozane administered during pregnancy and lactation (gestation day 6 through lactation day
20) at maternal doses of greater than or equal to 300 mg/kg/day was associated with a decrease
in auditory startle response in male pups at postnatal day 60. The plasma exposure associated
with the no observed adverse effect level (NOAEL) dose of 100 mg/kg/day in rats is
approximately equal 0.4 times the mean daily human ceftolozane exposure in healthy adults at
the clinical dose of 1 g q8h. In an embryo-fetal study in rats, tazobactam administered at doses
up to 3000 mg/kg/day (approximately 19 times the recommended human dose based on body
surface area comparison) resulted in maternal toxicity (decreased food consumption and body
weight gain) but no fetal toxicity. Tazobactam crosses the placenta in rats. Concentrations in
the fetus were <10% of those found in maternal plasma. In a pre-postnatal study in rats,
tazobactam administered intraperitoneally twice daily at the end of gestation and during
lactation (gestation day 17 through lactation day 21) at a dose of 1280 mg/kg/day
(approximately 8 times the recommended human dose based on body surface area comparison)
resulted in decreased maternal food consumption and body weight gain at the end of gestation
and significantly more stillbirths. No effects on the development, function, learning or fertility
of first generation (F1) pups were noted, but postnatal body weights for pups delivered to dams
receiving 320 and 1280 mg/kg/day tazobactam were significantly reduced 21 days after
delivery. Second generation fetuses were normal for all doses of tazobactam. The NOAEL for
reduced F1 body weights was considered to be 40 mg/kg/day (approximately 0.3 times the
recommended human dose based on body surface area comparison). Dr. Wild concurred with
the applicant that the appropriate Pregnancy Category is B.
Dr. Wild concluded that the application is approvable.

5. Clinical Pharmacology/Biopharmaceutics
Ryan Owen, Ph.D., was the clinical pharmacology reviewer for this application. His findings
and recommendations are summarized below.
The proposed dosing regimen for ceftolozane/tazobactam is 1.5 g (1.0 g/0.5 g) q8h
administered intravenously over 1 hour in adult patients with normal renal function or mild
renal impairment (creatinine clearance (CrCl) >50 mL/min). Pharmacokinetic parameters in
healthy adults are presented in Table 1. Pharmacokinetics are dose-proportional.
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Table 1. Mean (CV%) Plasma Pharmacokinetic Parameters of Ceftolozane/Tazobactam after
Single and Multiple 1.0 g/0.5 g Intravenous 1-Hour Infusions Every 8 Hours in Healthy Adults
Ceftolozane
Tazobactam
Day 1
Day 10
Day 1
Day 10
a
PK parameters
(n=9)a
(n=10)
(n=10)
(n=9)
Cmax (mcg/mL)
69.1 (11)
74.4 (14)
18.4 (16)
18 (8)
tmax (h)b
1.02 (1.01, 1.1)
1.07 (1, 1.1)
1.02 (0.99, 1.03)
1.01 (1, 1.1)
AUC (mcg•h/mL)c
172 (14)
182 (15)
24.4 (18)
25 (15)
t1/2 (h)
2.77 (30)
3.12 (22)
0.91 (26)d
1.03 (19)
CV = coefficient of variation; PK = pharmacokinetic; Cmax = maximum plasma drug concentration; tmax = time to
reach maximum plasma drug concentration; AUC = area under the plasma concentration time curve; t1/2 =
elimination half-life
a
N = 9; one outlier excluded
b
Median (minimum, maximum)
c
AUC for Day 1 = AUClast and AUC for Day 10 = steady state AUC (AUCτ,ss). Daily AUC at steady state is
calculated by multiplying the Day 10 AUC values by three (e.g., 546 mcg•h/mL for ceftolozane and 75
mcg•h/mL for tazobactam).
d
N = 8, one subject excluded from descriptive statistics as the concentration-time profile did not exhibit a
terminal log-linear phase and t½ could not be calculated.
Adapted from draft prescribing information, Table 5

Plasma protein binding is approximately 16% to 21% for ceftolozane and 30% for tazobactam.
The steady-state volume of distribution of ceftolozane/tazobactam after a single 1.0 g/0.5 g
dose was 13.5 L for ceftolozane and 18.2 L for tazobactam, similar to extracellular fluid
volume. Ceftolozane is not metabolized and is excreted unchanged in urine. Less than 20% of
tazobactam is metabolized to inactive tazobactam M-1. Tazobactam and tazobactam M-1 are
excreted in urine.
Dose adjustment is required for moderate renal impairment (CrCl 30-50 mL/min: 750 mg (500
mg/250 mg) q8h), severe renal impairment (CrCl 15-29: 375 mg (250 mg/125 mg) q8h), and
end-stage renal disease on hemodialysis (loading dose of 750 mg (500 mg/250 mg) followed
by maintenance doses of 150 mg (100 mg/50 mg) q8h). Dose adjustments for geriatric patients
should be based on renal function. Ceftolozane/tazobactam has not been evaluated in pediatric
patients. No adjustment is necessary for hepatic impairment or any other intrinsic factor.
In vitro studies to evaluate the potential for ceftolozane, tazobactam, and tazobactam M-1 to
induce or inhibit select CYP 450 enzymes and membrane transporters suggest a low potential
for drug interactions.
In a randomized, positive- and placebo-controlled crossover thorough QTc study, 51 healthy
subjects were administered a single therapeutic dose (1 g/0.5 g) and a supratherapeutic dose (3
g/1.5 g) of ceftolozane/tazobactam. No significant effects on heart rate, electrocardiogram
morphology, PR, QRS, or QT interval were detected.
The applicant proposed breakpoints of
for Enterobacteriaceae and P. aeruginosa,
(b) (4)
based on proposed pharmacokinetic/pharmacodynamic (PK/PD) targets of
time above
(b) (4)
minimum inhibitory concentration (T>MIC) for stasis and
T>MIC for 1 log10 bacterial
kill derived from the mouse neutropenic thigh infection model. For cephalosporins, the
(b) (4)
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traditional PK/PD target is 50% T>MIC. For his analysis, Dr. Owen selected a PK/PD target
of 40% T>MIC, which corresponds to approximately 2 log10 kill based on the applicant’s
analysis. The applicant also performed a co-modeling PK/PD analysis which incorporated both
tazobactam and ceftolozane targets; the tazobactam target used a critical threshold
concentration. MIC distributions for Enterobacteriaceae and P. aeruginosa and clinical
outcome by MIC were considered in determining the epidemiological and clinical cutoff
values. Table 2 summarizes the evidence supporting the Enterobacteriaceae and P. aeruginosa
breakpoints.
Table 2. Ceftolozane (TOL)/Tazobactam Breakpoint Summary for Enterobacteriaceae and P.
aeruginosa
Cutoff or breakpoint supported
Evidence
Enterobacteriaceae
P. aeruginosa
Epidemiological cutoff
2 µg/mL
4 µg/mL
Nonclinical PK/PD analysis
TOL only 40% T>MIC target
4 µg/mL
4 µg/mL
Co-model 40% T>MIC target
1 µg/mL
N/A
Clinical cutoff
4 µg/mL
1 µg/mLa
Proposed breakpoint
2 µg/mL
4 µg/mL
PK/PD = pharmacokinetic/pharmacodynamic; T>MIC = time above minimum inhibitory concentration
a
Limited data at higher MICs
Adapted from FDA clinical pharmacology review, Tables 1.3-4 and 1.3-5

For Enterobacteriaceae, a breakpoint of 4 µg/mL was considered, but because of the borderline
noninferiority observed in the cIAI trial (see section 7) and the lower breakpoint supported by
the co-modeling PK/PD analysis, the final breakpoint of 2 µg/mL was selected. For P.
aeruginosa, the epidemiological cutoff and nonclinical PK/PD analyses both supported a
breakpoint of 4 µg/mL, and there were limited data from MICs greater than 1 µg/mL. A final
breakpoint of 4 µg/mL was selected.
Dr. Owen concluded that this NDA was acceptable from a clinical pharmacology perspective.
The borderline noninferiority observed in the cIAI trial suggests that a higher dose of
ceftolozane/tazobactam may be beneficial. Discussions with the applicant regarding
breakpoints were ongoing when this review was completed.

6. Clinical Microbiology
Kerian Grande Roche, Ph.D., was the clinical microbiology reviewer for this application. Her
findings and recommendations are summarized below.
Ceftolozane acts by binding to bacterial penicillin-binding proteins (PBPs) and inhibiting cell
wall synthesis, causing cell death. Tazobactam has little clinically relevant in vitro activity
against bacteria because of low affinity for PBPs. It inhibits common class A and some class C
β-lactamases, protecting ceftolozane from hydrolysis and expanding coverage to include
extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae and other multidrug
resistant (MDR) pathogens. Tazobactam does not inhibit carbapenemases such as KPC and
metallo-β-lactamases such as IMP or VIM.
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The antibacterial spectrum of ceftolozane/tazobactam includes Gram-negatives such as
Enterobacteriaceae (e.g., E. coli and K. pneumoniae) and P. aeruginosa, Gram-positives such
as Streptococcus pneumoniae and the S. anginosus group, and anaerobes such as B. fragilis.
Ceftolozane is more active than ceftazidime or cefepime against P. aeruginosa and is active
against strains that are resistant to cephalosporins, penems, fluoroquinolones, or
aminoglycosides, including MDR and meropenem-resistant isolates. Ceftolozane/tazobactam
has greater in vitro activity than piperacillin/tazobactam against Enterobacteriaceae. Over 95%
of E. coli isolates with an ESBL phenotype were inhibited by <8 µg/mL of
ceftolozane/tazobactam.
Data from single- and multiple-step resistance selection studies and a 10-day hollow-fiber
model suggest there is a low potential for development of resistance to ceftolozane/tazobactam
in P. aeruginosa and E. coli.
Ceftolozane and ceftolozane/tazobactam demonstrated similar or superior activity to
comparators against a variety of pathogens in models of sepsis, UTI, and infected burn wounds
in mice; pneumonia and thigh infection in immunocompetent and neutropenic mice; and
pneumonia in rabbits.
For the phase 3 trials, confirmatory identification and susceptibility testing of clinical isolates
were performed in a central laboratory that used standardized Clinical and Laboratory
Standards Institute (CLSI) methodology. Clinical and microbiologic outcomes were correlated
with MICs and disk diffusion zone diameters of baseline pathogens. Susceptibility interpretive
criteria for ceftolozane/tazobactam were established using these data along with surveillance
MIC distributions and PK/PD analyses (see section 5).
Ceftolozane/tazobactam MIC50 and MIC90 values for baseline Enterobacteriaceae isolates
(including ESBL-producing strains) were 0.25 and 1 µg/mL, respectively. For baseline P.
aeruginosa isolates, the values were 1 and 8 µg/mL, respectively. Resistance to
ceftolozane/tazobactam was rare in baseline Gram-negative isolates.
Microbiological outcomes were generally imputed in the phase 3 cIAI trial because few postbaseline isolates were obtained from patients. Microbiologic outcomes were a component of
the composite microbiological and clinical response rates in the phase 3 cUTI trial and are
presented in section 7 (Table 11).
Table 3 presents the division’s proposed susceptibility criteria (see also section 5, Table 2).
(b) (4)
The broth dilution MIC criteria for Enterobacteriaceae and P. aeruginosa differ by
dilutions from those proposed by the applicant.
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q8h, or meropenem, 1 g iv q8h, plus matching saline placebo iv q8h for 4 to 7 days. The
primary endpoint was clinical response at the test of cure (TOC) visit 7 to 14 days post-therapy
in the microbiological modified ITT (mMITT) and microbiologically evaluable (ME)
populations. The mMITT population was defined as all randomized patients who received
study drug and had at least one qualifying pathogen at baseline; the ME population was
defined as the subset of the ITT population who met the protocol definition of cIAI, had at
least one baseline pathogen susceptible to study drug, received adequate amounts of study
drug, and had sufficient information available to make a non-confounded clinical outcome
assessment at the TOC visit. This was an exploratory trial, and inferential statistical testing
was not performed.
There were 122 patients randomized, 83 to receive ceftolozane/tazobactam and 39 to receive
meropenem. One patient randomized to receive ceftolozane/tazobactam withdrew consent
before receiving study drug. In the ceftolozane/tazobactam group, 74 of the 82 patients also
received metronidazole. The median age of the patients who received study drug was 47 years,
and 57% were male. The mMITT population contained 86 patients, 61 who received
ceftolozane/tazobactam and 25 who received meropenem. In the mMITT population, the most
common diagnosis was appendiceal perforation or periappendiceal abscess, which was
reported in 49% or more of patients in each treatment group. Approximately 25% of the
mMITT patients had peritonitis. E. coli was the most common pathogen.
Table 4 shows clinical response rates at the TOC visit in the co-primary populations. Clinical
cure rates were higher for meropenem in both analysis populations, with overlapping of the
95% confidence intervals.
Table 4. Clinical Response at TOC Visit (mMITT and ME Populations)
Ceftolozane/tazobactam
Analysis Population
n/N (%)
(95% CI)
mMITT
51/61 (83.6)
(71.9, 91.8)
ME
47/53 (88.7)
(77.0, 95.7)
n/N = number of cures/number in population; CI = confidence interval
Adapted from cIAI Summary of Clinical Efficacy, Table 6

Meropenem
n/N (%)
(95% CI)
24/25 (96.0)
(79.6, 99.9)
23/24 (95.8)
(78.9, 99.9)

Phase 3 trial
For the clinical development program for cIAI, Cubist initiated two identical phase 3 trials,
CXA-cIAI-08 and CXA-cIAI-09. Following issuance of the draft guidance on cIAI in
September, 2012, Cubist obtained agreement from FDA and the European Union Committee
for Medicinal Products for Human Use to pool the data from the phase 3 trials in cIAI and
cUTI into a single database and clinical study report for each indication. The overall sample
sizes were adjusted to maintain adequate power, and the data were pooled after database lock
and analyzed as single datasets.
The phase 3 trial differed from the phase 2 trial in the duration of therapy (4 to 10 days in
phase 3 vs. 4 to 7 days in phase 2), timing of the primary and secondary endpoint assessments
(26 to 30 days after the initiation of therapy in phase 3 vs. 7 to 14 days after the end of therapy
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in phase 2), and stratification based on primary site of infection (bowel vs. other in phase 3 vs.
localized appendicitis vs. other in phase 2).
The combined phase 3 trial, CXA-cIAI-08 and -09, was a multicenter, randomized, doubleblind trial that compared the efficacy and safety of ceftolozane/tazobactam plus metronidazole
with that of meropenem in the treatment of cIAI. The trial was conducted at sites in Europe,
North America, South America, Israel, India, South Korea, Australia, and South Africa from
2011 to 2013. The original protocols were amended to change the treatment duration, change
the test of cure and late follow-up visit windows, and modify the sample size and
noninferiority margin to accommodate agreements regarding pooling of the trials. The final
version of the protocol is described below.
Patients 18 years of age or older with one of the following cIAIs were eligible: cholecystitis
with rupture, perforation, or progression of infection beyond the gall bladder wall; diverticular
disease with perforation or abscess; appendiceal perforation or periappendiceal abscess; acute
gastric or duodenal perforation, only if operated on >24 hours after perforation; traumatic
perforation of intestine, only if operated on >12 hours after perforation; peritonitis due to other
perforated viscus or following a prior operative procedure; and intraabdominal abscess,
including hepatic or splenic abscess. The number of patients with localized complicated
appendicitis was to be limited to approximately 30% of the randomized population. Surgical
intervention (e.g., laparotomy, laparoscopic surgery, or percutaneous abscess drainage) and
collection of a baseline intraabdominal culture specimen were required within 24 hours of the
first dose of study drug. Evidence of systemic infection was required, including one or more of
the following: oral temperature >38°C or <35°C; white blood cell (WBC) count >10,500 mm3;
abdominal pain, flank pain, or referred pain likely due to cIAI; nausea or vomiting. Patients
could be enrolled preoperatively should have had radiographic evidence of bowel perforation
or intraabdominal abscess. Patients who failed prior antimicrobial therapy for the current cIAI
could be enrolled but must have had surgical intervention and a positive culture from an
intraabdominal site; enrollment was permitted before culture results were known, but if
cultures were negative, study drug administration was to be discontinued. Use of systemic
antimicrobial therapy for IAI for more than 24 hours prior to the first dose of study therapy
was not permitted, unless there was documented treatment failure. Patients were not to receive
more than one dose of an active nonstudy antibacterial regimen postoperatively; for patients
enrolled preoperatively, no postoperative nonstudy antimicrobial therapy was permitted.
Concomitant use of antimicrobial therapy with only Gram-positive activity (e.g., daptomycin,
vancomycin, linezolid) was permitted.
Patients were randomly assigned (1:1) to receive either ceftolozane/tazobactam, 1.5 gm iv q8h,
plus metronidazole, 500 mg iv q8h, or meropenem, 1g iv q8h. Administration of meropenem
was followed by a dummy saline infusion to maintain the study blind. Randomization was
stratified by anatomic site of infection (bowel vs. other). Duration of therapy was 4 to 10 days,
with therapy allowed for up to 14 days in limited circumstances (multiple abscesses, diffuse
peritonitis from a source other than appendix, failure of prior therapy and a source other than
appendix, or hospital-acquired infection). Concomitant systemic antimicrobial therapy with
daptomycin, vancomycin, or linezolid was permitted for methicillin-resistant Staphylococcus
aureus or enterococcal infections.
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The primary endpoint was clinical cure rate at the TOC visit 26 to 30 days following the first
dose of study drug. Clinical cure was defined as complete resolution or significant
improvement in signs and symptoms of the index infection, such that no additional
antibacterial therapy or surgical or drainage procedure was required. Clinical failure was
defined as death related to IAI at any time point before the TOC visit, persistent or recurrent
infection that required additional intervention, need for additional antibiotic therapy for
symptoms of IAI before the TOC visit, or post-surgical wound infection. Repeat percutaneous
aspiration of an abscess within 72 hours of the original aspiration, without worsening clinical
signs and symptoms, was not considered failure. Exploratory or diagnostic procedures with no
evidence of ongoing infection were not considered failures. Indeterminate outcomes included
lack of study data for evaluation of efficacy for any reason, including death during the study
period unrelated to the index infection, and extenuating circumstances that precluded
classification as cure or failure, such as loss to follow-up.
The primary analysis population was the microbiological intent-to-treat (MITT) population,
which was all randomized patients with identification of a baseline intra-abdominal pathogen,
regardless of susceptibility to study drug. Secondary endpoint analyses were performed in the
microbiologically evaluable (ME) population, which was the subset of patients who met the
protocol definition of cIAI, had a baseline pathogen identified that was susceptible to study
drug, adhered to study procedures, and had a clinical outcome at the TOC visit. Adequate
control of the source of the source of infection was required for inclusion in the clinically
evaluable or ME populations. An independent surgical review panel (SRP), consisting of 3
surgeons, 2 interventional radiologists, and a chairperson evaluated the adequacy of the initial
surgical intervention in achieving source control in patients whose clinical outcomes were
assessed as failures by the investigator and in patients who had a clinical outcome of “cure”
who had a second, unplanned intra-abdominal intervention.
Noninferiority of ceftolozane/tazobactam plus metronidazole to meropenem was determined if
the lower bound of the 95% confidence interval for the difference in clinical success rates
(ceftolozane/tazobactam/metronidazole minus meropenem) was greater than -10% in the
MITT population. A pooled sample size of 988 patients had at least 90% power to demonstrate
noninferiority of ceftolozane/tazobactam plus metronidazole to meropenem, assuming 80% of
patients met the criteria for the MITT population and the clinical cure rate in both arms was
75%.
There were 993 patients randomized; 73.5% of patients were from Eastern Europe and 7.6%
were from North America. The MITT population had 806 patients (81.2% of those
randomized), with 389 receiving ceftolozane/tazobactam plus metronidazole and 417 receiving
meropenem. The most common reason for exclusion from the MITT population was lack of a
qualifying baseline pathogen. In the MITT population, the median age was 52 years, and 58%
of patients were male. The most common diagnosis was appendiceal perforation or
periappendiceal abscess, which occurred in 47% of patients. An abscess was present in 57% of
patients, and peritonitis was present in 84%. The most common pathogen was E. coli (65.1%),
followed by B. fragilis (13.8%). Most infections were polymicrobial (67.6%). Bacteremia was
present at baseline in 2.5%. Of the Gram-negative intra-abdominal pathogens isolated at
15
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baseline, 96.0% were susceptible to ceftolozane/tazobactam, and 97.7% were susceptible to
meropenem.
During the trial, two study sites (1009-4227 and 1008-4024) were closed because of concerns
about GCP noncompliance and a potential risk to data integrity. Cubist notified FDA of these
closures in May, 2013. These sites had enrolled 23 patients; these patients were excluded from
the MITT, clinically evaluable, and ME analyses. Cubist provided a sensitivity analysis of
primary endpoint that included the 19 patients with baseline pathogens.
Table 5 shows the clinical response rates at the TOC visit in the MITT and ME populations.
Ceftolozane/tazobactam plus metronidazole was noninferior to meropenem for the treatment of
patients with cIAI.
Table 5. Clinical Response Rates at TOC Visit (MITT and ME Populations)
Ceftolozane/tazobactam
plus metronidazole
n
(%)
N = 389
323
(83.0)
32
(8.2)
34
(8.7)
N = 275
259
(94.2)
16
(5.8)

Meropenem
n
(%)
N = 417
364
(87.3)
34
(8.2)
19
(4.6)
N = 321
304
(94.7)
17
(5.3)

MITT
Cure
Failure
Indeterminate
ME
Cure
Failure
CI = confidence interval
Adapted from cIAI study report, Table 18

Treatment difference
(95% CI)
-4.2 (-8.9, 0.5)

-1.0 (-4.5, 2.6)

Clinical cure rates were lower for ceftolozane/tazobactam plus metronidazole compared with
meropenem for patients in the MITT population. Failure rates were similar, but there was an
imbalance in the number of indeterminate outcomes, which are counted as non-cures. The
most common reasons for an indeterminate outcome assessment were discontinuation of study
drug because of an adverse event (10 patients in the ceftolozane/tazobactam plus
metronidazole arm vs. 4 patients in the meropenem arm) and subject withdrawal (9 patients in
the ceftolozane/tazobactam plus metronidazole arm vs. 5 patients in the meropenem arm).
Clinical cure rates were similar in the ME population.
Clinical cure rates were lower in both arms for patients with moderate renal impairment
(creatinine clearance 30-50 mL/min), but with a greater decrease for patients in the
ceftolozane/tazobactam plus metronidazole arm: 11/23 (47.8%) for ceftolozane/tazobactam
plus metronidazole vs. 9/13 (69.2%) for meropenem. Patients with severe renal impairment
were excluded from the trial.
The applicant presented additional several subgroup analyses of the clinical cure rate at the
TOC visit, including analyses by site of infection, APACHE II score, and surgical procedure
type, and prior antibiotic use. In general, the subgroup analyses were consistent with the
primary analysis, with higher cure rates for patients treated with meropenem. Clinical response
rates were lower in both arms in patients with APACHE II scores >10, but with a greater
decrease in the ceftolozane/tazobactam plus metronidazole arm (54/78 (69.2%) for
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ceftolozane/tazobactam plus metronidazole vs. 56/70 (80.0%) for meropenem). Clinical
response rates were lower in both arms in patients who had received prior antibiotic therapy.
The MITT population contained only 51 patients from North America, including 33 from the
U.S. For North American patients, clinical cure rates were 17/26 (65.4%) for patients treated
with ceftolozane/tazobactam plus metronidazole and 19/25 (76.0%) for patients treated with
meropenem. The applicant states that enrollment was low in the U.S. because of the difficulty
hospitalizing patients for the entire duration of iv study drug therapy if a site did not have the
capability to perform outpatient iv therapy.
There were 185 patients >65 years of age. Clinical cure rates were 69/100 (69.0%) for patients
treated with ceftolozane/tazobactam plus metronidazole and 70/85 (82.4%) for patients treated
with meropenem.
A sensitivity analysis of the primary endpoint that included data from sites 1009-4227 and
1008-4024 was performed, and inclusion of data from these 19 patients did not affect the
primary analysis.
Table 6 shows the clinical response rates at the TOC visit for the baseline pathogens proposed
by the applicant for the cIAI indication. These results are presented for the MITT population;
(b) (4)
but the review team
believes the MITT population is preferable because it was the primary efficacy analysis
population. The recent approvals of dalbavancin, oritavancin, and tedizolid support use of the
MITT population for description of efficacy against indicated pathogens in the Clinical Studies
section of the label. Ceftolozane/tazobactam does not have activity against B. ovatus, B.
thetaiotaomicron, and B. vulgatus. These anaerobes are effectively treated with metronidazole
and should not be listed as indicated organisms.
Table 6. Clinical Response Rates at TOC Visit by Pathogen (MITT Population)
Ceftolozane/tazobactam
plus metronidazole
n/N (%)

Pathogen
Aerobic Gram-negative
Escherichia coli
216/255 (84.7)
Klebsiella pneumoniae
31/41 (75.6)
Pseudomonas aeruginosa
30/38 (79.0)
Enterobacter cloacae
21/26 (80.8)
Klebsiella oxytoca
14/16 (87.5)
Proteus mirabilis
11/12 (91.7)
Aerobic Gram-positive
Streptococcus anginosus
26/36 (72.2)
Streptococcus constellatus
18/24 (75.0)
Streptococcus salivarius
9/11 (81.8)
Anaerobic Gram-negative
Bacteroides fragilis
42/47 (89.4)
Bacteroides ovatus
38/45 (84.4)
Bacteroides thetaiotaomicron
21/25 (84.0)
Bacteroides vulgatus
12/15 (80.0)
Adapted from FDA cIAI clinical review, Table 20
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Meropenem
n/N (%)
238/270 (88.2)
27/35 (77.1)
30/34 (88.2)
24/25 (96.0)
24/25 (96.0)
9/10 (90.0)
24/27 (88.9)
20/25 (80.0)
9/11 (81.8)
59/64 (92.2)
44/46 (95.7)
40/46 (87.0)
24/26 (92.3)
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Table 7 shows microbiological response rates at the TOC visit in the co-primary populations.
Microbiological response rates were similar in both analysis populations, with overlapping of
the 95% confidence intervals.
Table 7. Microbiological Response at TOC Visit (mMITT and ME Populations)
Ceftolozane
Analysis Population
n/N (%)
(95% CI)
mMITT
54/65 (83.1)
(71.7, 91.2)
ME
47/55 (85.5)
(73.3, 93.5)
n/N = number of cures/number in population; CI = confidence interval
Adapted from CXA-101-03 study report, Table 11-5

Ceftazidime
n/N (%)
(95% CI)
29/38 (76.3)
(59.8, 88.6)
25/27 (92.6)
(75.7, 99.1)

Phase 3 trial
For the clinical development program for cUTI, Cubist initiated two identical phase 3 trials,
CXA-cUTI-04 and CXA-cUTI-05. Following issuance of the draft guidance on cIAI in
September, 2012, Cubist obtained agreement from FDA and the European Union Committee
for Medicinal Products for Human Use to pool the data from the phase 3 trials in cIAI and
cUTI into a single database and clinical study report for each indication. The overall sample
sizes were adjusted to maintain adequate power, and the data were pooled after database lock
and analyzed as single datasets.
The phase 3 trial differed from the phase 2 trial in the choice of study drug
(ceftolozane/tazobactam in phase 3 and ceftolozane alone in phase 2), comparator
(levofloxacin in phase 3 and ceftazidime in phase 2), duration of therapy (7 days in phase 3 vs.
7 to 10 days in phase 2), and primary endpoint (composite microbiologic eradication and
clinical cure rate in phase 3 and microbiologic response rate in phase 2).
The combined phase 3 trial, CXA-cUTI-04 and -05, was a multicenter, randomized, doubleblind trial that compared the efficacy and safety of ceftolozane/tazobactam with that of
levofloxacin in the treatment of cUTI. The trial was conducted at sites in Europe, North
America, South America, Israel, India, South Korea, Thailand, and South Africa from 2011 to
2013. The original protocols were amended to change the primary and secondary outcome
measures, change the inclusion criteria, revise the collection of patient-reported outcomes, and
modify the sample size and noninferiority margin to accommodate agreements regarding
pooling of the trials. The final version of the protocol is described below.
Patients 18 years of age or older with pyelonephritis or complicated lower UTI (cLUTI) were
eligible. Pyuria (WBC count >10/µL in unspun urine or >10 per high power field in spun
urine) and clinical signs and/or symptoms of cUTI were required for enrollment.
Pyelonephritis was diagnosed by at least two of the following: documented fever (oral
temperature >38°C) accompanied by symptoms of rigors, chills, or “warmth”; flank pain;
costovertebral angle or suprapubic tenderness; or nausea or vomiting. Complicated lower UTI
was diagnosed by at least two of the following: dysuria, urinary frequency, or urinary urgency;
documented fever (oral temperature >38°C) accompanied by symptoms of rigors, chills, or
“warmth”; suprapubic or flank pain; costovertebral angle or suprapubic tenderness; or nausea
19

Reference ID: 3664861

Cross Discipline Team Leader Review

or vomiting; plus at least one of the following complicating factors: males with documented
history of urinary retention; indwelling urinary catheter scheduled to be removed during study
therapy and before the end of therapy; obstructive uropathy scheduled to be medically or
surgically relieved during study therapy and before the end of therapy; or any functional or
anatomic abnormality of the urogenital tract with voiding disturbance resulting in at least 100
mL residual urine. A pretreatment baseline urine culture specimen was required within 24
hours before administration of the first dose of study drug. Urine specimens must have been
collected by an adequate midstream clean catch, urethral catheterization, or suprapubic
aspiration. Patients who received any dose of a potentially therapeutic antimicrobial agent for
treatment of the current UTI within 48 hours before the pretreatment urine culture was
obtained were to be excluded; patients receiving antimicrobial prophylaxis for cUTI who
presented with evidence of an active cUTI could be enrolled if all other eligibility criteria were
met, including the collection of a pretreatment urine culture. Administration of any potentially
therapeutic antimicrobial therapy after collection of the pretreatment baseline urine culture and
before administration of the first dose of study drug was not permitted.
Patients were randomly assigned (1:1) to receive either ceftolozane/tazobactam, 1.5 gm iv q8h,
or levofloxacin, 750 mg iv qd. Dummy saline infusions were administered to each group to
maintain the study blind. Duration of therapy was 7 days; patients could receive up to 9 days
of study therapy if they had removal of an indwelling catheter present at baseline, recent
bladder instrumentation, or recent treatment for a urinary tract obstruction. Concomitant use of
antimicrobial therapy with only Gram-positive activity (e.g., vancomycin or linezolid) was
permitted.
The primary endpoint was composite microbiological eradication and clinical cure rate at the
TOC visit 7 (+2) days following the last dose of study drug. Microbiological eradication was
defined as a urine culture at the TOC visit with reduction of all uropathogens found at baseline
at >105 CFU/mL to <104 CFU/mL. Microbiological persistence was defined as a urine culture,
taken at any time after completion of therapy, growing >104 CFU/mL of the baseline
uropathogen. Microbiological outcome was categorized as indeterminate if no urine culture
was available. Clinical cure was defined as complete resolution of, marked improvement in, or
return to pre-infection signs and symptoms and no use of additional or alternative
antimicrobial therapy for treatment of the cUTI. Clinical failure was defined as persistence of
one or more signs or symptoms of infection or reappearance of or new signs and symptoms
requiring additional or alternative antimicrobial therapy for the current cUTI, or adverse event
leading to study drug discontinuation with the patient requiring alternative therapy for the
current cUTI. Clinical outcomes were categorized as indeterminate if study data were not
available for evaluation of clinical outcome for any reason or if the outcome assessment was
confounded.
The primary analysis population was the microbiological modified intent-to-treat (mMITT)
population, which was all randomized patients who received any amount of study drug and
who had at least one qualified uropathogen from a study-qualifying pretreatment baseline urine
specimen. A qualified pathogen was a designated causative uropathogen with growth of >105
CFU/mL from a pretreatment urine culture. Secondary endpoint analyses were performed in
the microbiologically evaluable (ME) population, which was the subset of mMITT patients
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Composite cure rates were lower in both arms for patients with moderate renal impairment
(creatinine clearance 30-50 mL/min), but with a greater decrease for patients in the
ceftolozane/tazobactam arm: 21/34 (61.8%) for ceftolozane/tazobactam vs. 17/28 (60.7%) for
levofloxacin. Patients with severe renal impairment were excluded from the trial.
The mMITT population contained only 25 patients from North America, including 14 from the
U.S. Composite cure rates were 8/15 (53.3%) for patients treated with ceftolozane/tazobactam
and 8/10 (80.0%) for patients treated with levofloxacin. Only 10% of the original study sites
were in the U.S., and the applicant states that enrollment was low because of the difficulty
hospitalizing patients for the protocol-specified a 7-day duration of iv study drug therapy.
There were 199 patients >65 years of age. Composite cure rates were 70/100 (70.0%) for
patients treated with ceftolozane/tazobactam and 53/99 (53.5%) for patients treated with
levofloxacin.
A sensitivity analysis of the primary endpoint that excluded data from site 5609 was
performed, and exclusion of data from these 6 patients (3 in the mMITT population) did not
affect the primary analysis.
Table 11 shows the response rates of the clinical and microbiological components of the
composite response. Clinical success rates are higher than microbiological success rates
because of the presence of asymptomatic bacteriuria in some patients at the TOC visit.
Table 11. Clinical and Microbiological Response Rates at TOC Visit (mMITT Population)
Ceftolozane/tazobactam
Response
n/N (%)
Clinical success
366/398 (92.0)
Microbiological success
320/398 (80.4)
CI = confidence interval
Adapted from cUTI study report, Tables 23 and 26

Levofloxacin
n/N (%)
356/402 (88.6)
290/402 (72.1)

Treatment Difference
(95% CI)
3.4 (-0.7, 7.6)
8.3 (2.4, 14.1)

The differences in clinical and microbiological success rates between ceftolozane/tazobactam
and levofloxacin are primarily the result of lower success rates with levofloxacin in patients
who had levofloxacin-resistant uropathogens; the clinical success rates in patients with
levofloxacin-resistant pathogens was 90/100 (90.0%) in patients treated with
ceftolozane/tazobactam and 86/112 (76.8%) in patients treated with levofloxacin (difference
13.2%; 95% CI: 3.1, 22.9), and the microbiological success rates were 63/100 (63.0%) and
49/112 (43.8%), respectively (difference 19.2%; 95% CI: 5.8, 31.7).
Table 12 shows the composite microbiological and clinical response rates at the TOC visit for
the baseline uropathogens proposed by the applicant for the cUTI indication. These results are
(b) (4)
presented for the mMITT population;
but the review team believes the composite response in
the mMITT population is preferable because it was the primary efficacy analysis and captures
clinical as well as microbiological response. The recent approvals of dalbavancin, oritavancin,
and tedizolid support use of the MITT population for description of efficacy against indicated
pathogens in the Clinical Studies section of the label. As noted previously, the lower rates with
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For all studies, the safety population includes all subjects or patients who received any amount
of study drug, categorized by the drug administered, irrespective of randomization. The
primary data used to evaluate the safety profile of ceftolozane/tazobactam are from the
integrated phase 3 trials.
Phase 3 trials
In the phase 3 cIAI and cUTI trials, 1015 patients received ceftolozane/tazobactam, and 1032
patients received a comparator. In the cIAI trial, 482 patients received ceftolozane/tazobactam
plus metronidazole, and 497 patients received meropenem. In the cUTI trial, 533 patients
received ceftolozane/tazobactam, and 535 patients received levofloxacin. The dosing regimen
for ceftolozane/tazobactam was 1.5 g (1 g ceftolozane and 0.5 g tazobactam) q8h administered
as a 1-hour IV infusion. The duration of therapy was 4 to 14 days in the cIAI trial and 7 days
in the cUTI trial. The median duration of exposure to ceftolozane/tazobactam in the phase 3
trials was 6.66 days. In the cIAI trial, the median age of all patients was 51 years; 59% were
male, and most patients were white and from Eastern Europe. In the cUTI trial, the median age
was 52 years for patients receiving ceftolozane/tazobactam and 51 years for patients receiving
levofloxacin; 70% were female, and most patients were white and from Eastern Europe. In the
combined trials, approximately 6% of patients were from North America.
Table 13 shows a summary of the treatment-emergent adverse events (TEAEs) reported in the
phase 3 trials. The incidence of TEAEs and serious adverse events (SAEs) was similar for
ceftolozane/tazobactam and comparator in each trial. There were more TEAEs, SAEs,
discontinuations due to TEAEs, and deaths due to TEAEs in the cIAI trial.
Table 13: Treatment-Emergent Adverse Events in the Phase 3 cIAI and cUTI Trials (Safety
Population)
cIAI
Ceftolozane/
tazobactam +
metronidazole Meropenem
(N=482)
(N=497)
n (%)
n (%)
212 (44.0)
212 (42.7)
39 (8.1)
36 (7.2)

cUTI
Ceftolozane/
tazobactam
(N=533)
n (%)
185 (34.7)
15 (2.8)

Levofloxacin
(N=535)
n (%)
184 (34.4)
18 (3.4)

Combined Phase 3 Trials
Ceftolozane/
tazobactam
(N=1015)
n (%)
397 (39.1)
54 (5.3)

All
comparators
(N=1032)
n (%)
396 (38.4)
54 (5.2)

Type of
Adverse Event
Any TEAE
Any SAE
Discontinuation
due to TEAE
13 (2.7)
11 (2.2)
7 (1.3)
9 (1.7)
20 (2.0)
20 (1.9)
Death due to
TEAE
11 (2.3)
8 (1.6)
1 (0.2)
0
12 (1.2)
8 (0.8)
N = number of patients in safety population; n = number of patients in category; TEAE = treatment-emergent
adverse event; SAE = serious adverse event
Adapted from Summary of Clinical Safety, Table 13

In the combined phase 3 trials, there were 12 deaths due to TEAEs in patients treated with
ceftolozane/tazobactam and 8 deaths in patients treated with comparators. There was one death
in the ceftolozane/tazobactam arm in the cUTI trial, a patient who died of bladder cancer 38
days after the end of study therapy. There was an imbalance in deaths in the cIAI trial, with 11
(2.3%) deaths in the ceftolozane/tazobactam arm and 8 (1.6%) deaths in the meropenem arm.
The causes of deaths in the ceftolozane/tazobactam-treated patients include cardiac causes (4
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patients) multi-organ failure (3 patients), sudden death (2 patients), septic shock, pseudomonal
lung infection, acute renal failure, ischemic stroke; for two patients, more than one cause was
listed. Seven patients died while on study therapy (4 on ceftolozane/tazobactam and 3 on
meropenem), and 12 died more than 24 hours after the last dose of study drug (7 in the
ceftolozane/tazobactam arm and 5 in the meropenem arm). Mortality in the cIAI trial was
similar to that reported in other registrational cIAI trials. No deaths were considered to be
related to study drug. Dr. Allende reviewed the narratives and case report forms of the patients
who died in the cIAI trial and concurred that the deaths were not related to study drug. Most
were related to age and underlying co-morbidities. She noted, however, that the underlying
infection appeared to be the cause of death in some cases, and that lack of efficacy of the study
drug was a plausible contributing factor.
In the cIAI trial, among patients with moderate renal impairment (creatinine clearance 30-50
mL/min), mortality was 4/23 (17.4%) in patients treated with ceftolozane/tazobactam and 1/13
(7.7%) in patients treated with meropenem. Clinical cure rates were lower in both arms for
patients with moderate renal impairment, but with a greater decrease for patients in the
ceftolozane/tazobactam plus metronidazole arm. The division proposes including this
information in the Warnings and Precautions section of the label along with a recommendation
to monitor renal function closely and adjust the dosage of ceftolozane/tazobactam accordingly.
SAEs were reported in 54 (5.3%) patients treated with ceftolozane/tazobactam in the combined
phase 3 trials and in 54 (5.2%) patients treated with comparators and were more frequently
reported in the cIAI trial. SAEs that were reported in more than one patient treated with
ceftolozane/tazobactam in the combined phase 3 trials included urinary tract infection (4
patients); abdominal abscess (3 patients); multi-organ failure (3 patients); septic shock (3
patients); and bladder cancer, C. difficile colitis, ischemic stroke, pneumonia, sudden death,
urosepsis, and wound evisceration (each with 2 patients). There was an additional SAE of
pseudomembranous colitis in a patient receiving ceftolozane/tazobactam. Most of the SAEs
were infection-related, and lack of efficacy of the study drug may be contributory. Twenty
patients had SAEs resulting in death (see preceding paragraph). The label will contain a
warning about C. difficile-associated diarrhea.
Discontinuation of study drug due to TEAEs was reported in 20 (2.0%) patients treated with
ceftolozane/tazobactam and in 20 (1.9%) patients treated with comparators. Renal impairment
(including the terms renal impairment, renal failure, and renal failure acute) that led to
discontinuation of study drug was reported in 5 patients receiving ceftolozane/tazobactam and
in no patients receiving comparators. Renal impairment was the only TEAE leading to study
drug discontinuation in more than one patient. Some degree of renal impairment was present at
baseline in each of these patients.
The most commonly reported TEAEs in ceftolozane/tazobactam recipients in the combined
phase 3 trials were nausea (5.2%), headache (4.2%), diarrhea (3.9%), pyrexia (3.3%), and
constipation (3.0%). The types of TEAEs and their frequencies were generally similar to those
reported with the comparators and are consistent with the TEAE profiles associated with
antimicrobial therapy. The applicant proposed a table of adverse drug reactions that was a
subset of the TEAEs based on frequency in the ceftolozane/tazobactam arm, investigator
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assessments of relatedness to treatment, and known or plausible effects of cephalosporins. The
applicant’s list included nausea, headache, diarrhea, constipation, vomiting, ALT increased,
AST increased, and abdominal pain. The division proposes to include in the table additional
adverse reactions such as pyrexia, hypokalemia, anemia, and thrombocytosis, which are also
included in the adverse reactions listings for other cephalosporins, and to add a listing of
selected less common adverse reactions.
Dr. Allende performed a Standard MedDRA Query for thrombotic and embolic events and
noted that there were 9 events in ceftolozane/tazobactam-treated patients and 3 events in
meropenem-treated patients. All of these events occurred in the cIAI trial, and most were
reported as SAEs. Events in ceftolozane/tazobactam-treated patients included ischemic stroke
(2 patients), portal vein thrombosis and bowel ischemia, deep vein thrombosis, splenic and
renal infarcts, superficial thrombophlebitis of the arm, thrombosis of ileal vein, myocardial
infarction, and mild cerebrovascular insufficiency with confusion. Events in meropenemtreated patients included pulmonary embolism, myocardial infarction, and transient ischemic
attack. I reviewed the narratives of these events and do not believe there is sufficient
information to implicate study drug as a contributing factor. For example, in some cases
(portal vein thrombosis and bowel ischemia, thrombosis of ileal vein), the finding was noted
during the initial surgical procedure. In other cases (superficial thrombophlebitis of the arm
(not an SAE, day 38), deep vein thrombosis (day 20, 14 days after the last dose of study
therapy) the event occurred long after discontinuation of study therapy. There was no narrative
for the 72-year-old patient with cerebrovascular insufficiency with mental confusion and
memory problems, which was not an SAE and was recorded as mild, with recovery.
Furthermore, no events of this nature were recorded in ceftolozane/tazobactam-treated patients
in the cUTI trial.
The applicant performed a Standard MedDRA Query for thrombophlebitis as one of several
AEs of special interest. The thrombophlebitis query included preferred terms of phlebitis,
thrombophlebitis, deep vein thrombosis, pelvic venous thrombosis, thrombophlebitis
superficial, and thrombosis. At least one event was reported in 8 patients in the
ceftolozane/tazobactam arm and in 11 patients in the comparator arms. None of these events
led to discontinuation of study drug.
Additional AEs of special interest, based on Standard MedDRA Queries, included
anaphylactic reaction, pseudomembranous colitis, hemolytic disorders, and acute renal failure.
No patients treated with ceftolozane/tazobactam had anaphylactic reactions. Four patients
treated with ceftolozane/tazobactam had pseudomembranous colitis. No hemolytic disorders
were reported. The renal failure query included preferred terms of renal impairment, renal
failure, acute renal failure, and oliguria. Events were reported in 11 patients in the
ceftolozane/tazobactam arm and in 8 patients in the comparator arms. One renal impairment
event in a patient in the ceftolozane/tazobactam arm was serious. Discontinuations of study
drug due to renal impairment are discussed above.
Phase 2 trials
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In the phase 2 trials, there were no deaths in the cUTI trial and 3 deaths in the cIAI trial, all in
patients in the ceftolozane/tazobactam arm. The causes of deaths were urosepsis, pulmonary
embolism following deep vein thrombosis 3 weeks after end of therapy, and renal failure with
cardiopulmonary arrest in a patient who had received 2 doses of study drug. Dr. Allende
reviewed the narratives and case report forms of the patients who died and concurred that the
deaths were not related to study drug.
SAEs were reported in 14 of 82 (17.1%) patients in the ceftolozane/tazobactam arm of the
phase 2 cIAI trial compared with 2 of 39 (5.1%) patients in the meropenem arm. Most SAEs
appeared to be related to the underlying cIAI or surgical procedure. Only one SAE was
reported in the phase 2 cUTI trial, a relapse of pyelonephritis in a patient receiving
ceftolozane.
Discontinuation of study drug due to TEAEs was reported in 4 patients in the phase 2 studies,
including 3 who were treated with ceftolozane or ceftolozane/tazobactam. A patient in the
ceftolozane arm of the cUTI trial developed renal impairment, and patients in the
ceftolozane/tazobactam arm of the cIAI trial discontinued study drug due to SAEs of intestinal
perforation and seroma.
The most commonly reported TEAEs in ceftolozane recipients in the phase 2 cUTI trial were
constipation (9.4%), sleep disorder (7.1%), headache (5.9%), and nausea (5.9%). The most
commonly reported TEAEs in ceftolozane/tazobactam recipients in the phase 2 cIAI trial were
pyrexia (14.7%), anemia (6.1%), and nausea (6.1%).
Phase 1 studies
In the phase 1 studies, there was one SAE in a subject in a PK study in severe renal
impairment and end stage renal disease requiring hemodialysis. This subject developed
thrombosis of his arteriovenous fistula which required hospitalization for heparinization and
catheter replacement. This event was considered by the investigator to be due to a tortuous,
aneurysmal, and stenotic fistula. Two subjects who received ceftolozane/tazobactam in phase 1
studies discontinued study drug. The associated AEs were vomiting and pyrexia. The most
common TEAEs in subjects receiving ceftolozane or ceftolozane/tazobactam were infusion
site reactions and headache.
Clinical laboratory evaluations
Changes from baseline in clinical laboratory values were evaluated using a modified Division
of Microbiology and Infectious Diseases Adult Toxicity Scale (November, 2007 version). In
the phase 3 trials, for hematology parameters, shifts of >2 grades from baseline were reported
more commonly for hemoglobin (low) and leukocytes (high) for patients in the cIAI trial than
for patients in the cUTI trial and were similar between arms in both trials. Elevation of
leukocytes from grades 0, 1, or 2 at baseline to grade 3 or 4 was reported in 6% of patients in
each arm of the cIAI trial. These findings are likely due to the surgical procedures performed
and greater severity of illness in the cIAI trial. Shifts from grades 0, 1, or 2 at baseline to grade
3 or 4 were reported in <1% of patients for low hemoglobin, low neutrophils, and low
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platelets. Two patients treated with ceftolozane/tazobactam had conversion from a negative to
a positive direct Coombs test at the end of therapy. Neither patient had evidence of hemolytic
anemia.
For chemistry parameters, shifts of >2 grades from baseline were also reported more
commonly for patients in the cIAI trial than for patients in the cUTI trial and were similar
between arms in both trials. Shifts from grades 0, 1, or 2 at baseline to grade 3 or 4 were
reported in <2% of patients in the cUTI trial for any parameter. In the cIAI trial, shifts to grade
3 or 4 were most commonly reported for GGT (9% in the ceftolozane/tazobactam plus
metronidazole arm and 13% in the meropenem arm), low phosphate (4% and 7%,
respectively), and AST (3% and 2%, respectively). The applicant reported that one patient in
the ceftolozane/tazobactam plus metronidazole arm met the criteria for Hy’s law on study day
3 but that the criteria were also present before initiation of therapy and test values declined
while on therapy.
In the phase 2 cUTI trial, two patients in each arm had conversion from negative to positive
direct Coombs tests at the test of cure visit. In the phase 2 cIAI trial, four patients in the
ceftolozane/tazobactam arm and none in the meropenem arm had conversion from negative to
positive direct Coombs tests at the test of cure visit. In the phase 1 studies, three subjects
receiving ceftolozane or ceftolozane/tazobactam had conversion from negative to positive
direct Coombs tests at follow-up. None of these patients had evidence of hemolytic anemia.
One patient in the ceftolozane/tazobactam arm of the phase 2 cIAI trial met the criteria for
Hy’s law on study day 2. This patient had cholecystitis, and test values declined while on
study therapy.
Conclusions
Dr. Allende concluded that the overall safety profile of ceftolozane/tazobactam is similar to
that of the comparator drugs in the phase 3 trials and to that of other drugs in the cephalosporin
class. AEs were more commonly reported in the cIAI trials than in the cUTI trials, most likely
because of the greater severity of illness and need for surgical intervention with cIAIs. Dr.
Allende noted an imbalance in the number of thrombotic and embolic events reported in
patients in the ceftolozane/tazobactam arm of the cIAI trial. She stated a drug effect is unlikely
and considered the possibility that these events are related to a lack of efficacy in controlling
some of the clinical manifestations and complications of these infections. From review of the
associated narratives, I believe there is insufficient information to implicate study drug as a
contributing factor. No thromboembolic events were reported in ceftolozane/tazobactamtreated patients in the cUTI trial.

9. Advisory Committee Meeting
Not applicable.

10.

Pediatrics
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