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INTRODUCTION
One of the major causes of antimicro-

bial resistance is the overutilization of 
antimicrobial therapy. Annually, two mil-
lion people in the United States present 
with infections resistant to at least one 
antimicrobial agent of choice typically 
used to treat that type of infection.1 In 
treating antimicrobial-resistant infec-
tions compared with non–antimicrobial-
resistant infections, it is expected that 
the hospital stay will be extended by 6.4 
to 12.7 days,2 mortality will increase two-
fold,3 and costs will rise by at least $18,588 
per occurrence (results reported from a 
Chicago hospital in 2008).2 This equates 
to approximately $20 billion per year in 
direct health care costs alone.3

Gram-negative organisms commonly 
harboring antimicrobial resistance include 
the ESKAPE pathogens (Table 1).4 These 
organisms are responsible for numerous 
infections, including bacterial meningitis, 
central venous catheter infections, pneu-
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monia, urinary tract infections (UTIs), 
and complicated intra-abdominal infec-
tions (cIAIs).4,5 The associated mecha-
nisms leading to resistance (Table 1) 
include production of extended-spectrum 
β-lactamases (ESBLs) and Klebsiella pneu-
moniae carbapenamases, decreases in 
infl ux porin activity/expression, increases 
in effl ux pumps, and altered penicillin 
binding proteins (PBPs).6 To combat some 
of these mechanisms of resistance, Cub-
ist Pharmaceuticals developed a novel 
investigational antimicrobial agent—an 
antipseudomonal cephalosporin with a 
β-lactamase inhibitor, ceftolozane/tazo-
bactam (CXA-201). Due to the increasing 
number of gram-negative–resistant infec-
tions, this entity targets resistant PBP- and 
ESBL-producing organisms.7,8 One phase 2 
and four phase 3 clinical trials of ceftolo-
zane/tazobactam have been completed.9,10

CLINICAL	MICROBIOLOGY
Tests of the spectrum of activity against 

gram-positive aerobic bacteria found 
that ceftolozane by itself showed activity 
against Streptococcus species; however, 
this activity was limited. The addition of 
tazobactam to ceftolozane led to slight 
improvements against these gram-
positive bacteria. Studies of the ceftolo-
zane/tazobactam combination against 
gram-positive anaerobic bacteria, spe-

cifi cally Clostridium species, also demon-
strated limited activity. On the other hand, 
ceftolozane’s spectrum of activity against 
gram-negative aerobic bacteria remained 
consistent or improved upon the addition 
of the β-lactamase inhibitor. The spectrum 
of activity against ceftazidime-resistant 
and ESBL-harboring Enterobacteriaceae 
was also signifi cantly improved. In fact, 
with the addition of tazobactam, lower 
minimal inhibitory concentrations (MICs) 
were required to inhibit 90% of isolates 
(MIC90) in most gram-negative anaerobes. 
The greatest reductions were observed 
in Bacteroides and Prevotella species. 
When tested against ceftazidime-resistant 
Enterobacteriaceae, ceftolozane/tazobac-
tam was shown to have a twofold more 
potent effect compared with cefepime and 
an eightfold more potent effect compared 
with piperacillin-tazobactam. Moreover, 
carbapenems such as imipenem/cila-
statin and meropenem remained the most 
active, with 80.4% and 91.6% susceptibility, 
respectively.8

Ceftolozane/tazobactam also demon-
strated superior in vitro activity against 
ceftazidime-resistant Escherichia coli and 
K. pneumoniae when compared with cef-
triaxone, cefepime, and piperacillin/tazo-
bactam. While the carbapenems retained 
good activity against this bacterium, the 
KPC-producing strains of K. pneumoniae

remained highly resistant 
to β-lactam antimicrobials.11

Ceftolozane/tazobactam 
was shown to be more 
active than piperacillin/
tazobactam, ceftriaxone, 
and ceftazidime when 
tested against ceftazidime-
resistant strains of Entero-
bacter and Citrobacter
species; however, less 
activity was noted when 
compared with cefepime 
and carbapenems. Activity 
against ESBL-producing 

Table	1		“ESKAPE”	Pathogens4

Enterococcus faecium

Staphylococcus aureus

Klebsiella pneumoniae

Acinetobacter baumannii

Pseudomonas aeruginosa

Enterobacter species

Mechanisms	of	resistance6

Production of catalytic enzymes (ESBL/carbapenamases)

Decrease in the infl ux porin activity/expression

Increase in effl  ux pumps

Altered penicillin binding proteins (PBPs)
continued on page 828
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Proteus mirabilis strains was similar to 
that of piperacillin-tazobactam.

The addition of tazobactam did not 
alter the activity of ceftolozane apprecia-
bly in vitro against P. aeruginosa strains; 
however, an eightfold increase was 
observed in the activity of ceftolozane 
over ceftazidime. In P. aeruginosa strains 
that were susceptible to ceftazidime and 
imipenem, ceftolozane/tazobactam was 
superior to piperacillin/tazobactam and 
imipenem, and comparable to doripenem. 
In ceftazidime-resistant P. aeruginosa 
strains, ceftolozane/tazobactam retained 
its overall activity. For P. aeruginosa strains 
with documented resistance to both 
ceftazidime and imipenem, ceftolozane/
tazobactam was shown to have the most 
activity, followed by doripenem. Based 
on the available data, the combination 
of ceftolozane/tazobactam appears to be 
extremely valuable in the treatment of vari-
ous resistant bacterial infections, which to 
date remains a clinical practice dilemma.

RESISTANCE
“The most common and important 

mechanism through which bacteria can 
become resistant against β-lactams is by 
expressing β-lactamases, for example 
extended-spectrum β-lactamases (ESBLs), 
plasmid-mediated AmpC enzymes, and 
carbapenem-hydrolyzing β-lactamases,” 
van Hoek and colleagues wrote in a review 
article in Frontiers in Microbiology.12 

Takeda et al13 studied the effects of 
ceftolozane/tazobactam and various com-
parators exposed to different mechanisms 
of resistance against P. aeruginosa. E. coli 
bacteria C600 was used as a host strain to 
determine the effects of β-lactamases and 
extended-spectrum β-lactamases. The 
MICs reported for ceftolozane, ceftazi-
dime, and imipenem were 0.25 mg/L 
against C600. The β-lactamases (TEM-1,  
TEM-2, SHV-1, OXA-1) demonstrated 
minimal effects on the three agents. 
ESBLs (TEM-3, TEM-4, TEM-5, TEM-6,  
TEM-7, TEM-8, TEM-9, SHV-2, SHV-3, 
SHV-4, OXA-2, CTX-M-3, CTX-M-18) 
reduced ceftolozane’s activity (MICs 
ranged from 1 mg/L to 32 mg/L) and 
the activity of ceftazidime (MICs ranged 
from 4 mg/L to more than 128 mg/L) 
to an even greater extent. Imipenem 
was not affected by either agent. None 
of the agents studied was active against 
metallo β-lactamase (MBL)–producing 
P. aeruginosa. 

The MIC of ceftolozane/tazobactam 
against AmpC β-lactamase-producing 
P. aeruginosa was found to be more potent 
than that of ceftazidime (MIC, 2 mg/L ver-
sus 32 mg/L), suggesting a relatively high 
stability against this mechanism of resis-
tance. The main mechanisms of resistance 
against fluoroquinolones (efflux pumps) 
and carbapenems (OprD) had no effect 
on the MIC of ceftolozane/tazobactam.

Moya et al14 investigated the resistance 
mechanisms leading to P. aeruginosa pan-
β-lactam-resistance (PBLR) with a focus on 
the modification of PBP profiles. P. aerugi-
nosa isolates that had developed resistance 
to antipseudomonal β-lactams (including 
penicillins, cephalosporins, monobactams, 
and carbapenems) during treatment of 
nosocomial infections in intensive care 
unit patients were used to determine the 
MIC values for ceftolozane/tazobactam 
in the presence of various AmpC over-
expression levels. The greatest increases 
in ceftolozane MICs were documented for 
two strains showing extremely high AmpC 
expression levels (more than 2,000-fold 
compared with that of PAO1), while the 
lowest effect (no modification of MICs) 
was documented for a strain showing only 
moderate AmpC overexpression (100-fold 
higher than that of PAO1). These results 
suggest that ceftolozane is much less 
affected by the typical resistance mecha-
nisms associated with P. aeruginosa. In vivo 
emergence of PBLR strains was shown to 
be affected by AmpC hyperproduction, in 
addition to modifications of PBP patterns 
and other factors. However, ceftolozane 
maintained some susceptibility.

Cross-resistance associated with ceftol-
ozane/tazobactam, compared with addi-
tional antipseudomonal antimicrobials, 
was minimal. Furthermore, susceptibility 
has also been maintained in organisms 
that exhibit resistance to the other com-
monly used antipseudomonal agents.

PHARMACOKINETICS	AND	
PHARMACODYNAMICS

The pharmacokinetic (PK) properties 
of ceftolozane have been studied alone 
and in combination with tazobactam in 
healthy subjects. Ceftolozane is a paren-
terally administered cephalosporin that 
exhibits linear kinetics. Miller et al15 
evaluated PK parameters for ceftolozane 
when administered alone and with tazo-
bactam as a 2:1 ratio in single and multiple 
ascending doses.

After the administration of single 
ascending doses, ceftolozane demon-
strated linear PK for doses of 500 mg 
up to 2,000 mg. Doses of tazobactam 
ranged from 250 mg to 1,000 mg when 
used in combination with ceftolozane. 
In the single-dose studies, ceftolozane 
had a mean plasma half-life (t1/2) of 
2.6 hours (range, 2.43–2.64) and a vol-
ume of distribution at steady state (Vss) of 
5.1 L/h (ceftolozane alone) and 12.3 L/h 
(ceftolozane/tazobactam). The clearance 
of ceftolozane, alone and with tazobac-
tam, was shown to occur exclusively 
via renal elimination. One hundred per-
cent of the drug was recovered in the 
urine following doses between 500 mg 
and 2,000 mg. PK parameters including 
clearance, elimination t1/2, area under the 
curve (AUC), Vss, and Cmax were similar 
regardless of whether ceftolozane was 
administered with or without tazobactam. 
Mild renal impairment, defined as creati-
nine clearance (CrCl) of 60–89 mL/min, 
required no dosage adjustments. How-
ever, moderate renal impairment (CrCl of  
30–59 mL/min) resulted in a 2.6-fold 
increase in AUC and a 2.1-fold increase in 
t1/2 for ceftolozane. The increase in tazo-
bactam was 2.0-fold with respect to the 
AUC and 1.6-fold for t1/2. A dose reduction 
of 50% may be required in patients with 
moderate renal impairment.

Tazobactam primarily undergoes renal 
excretion via active tubular secretion. 
Coadministration of ceftolozane with tazo-
bactam does not result in an interaction, 
since ceftolozane is primarily eliminated 
by glomerular filtration.

Pharmacodynamically, the best corre-
lation to measure the therapeutic efficacy 
of cephalosporins is the time above MIC 
of the infecting pathogen (T > MIC). One 
potential advantage for ceftolozane is its 
longer half-life, especially when compared 
with other available cephalosporins. The 
reported Vss for ceftolozane, 12.9 L, was 
similar to the average extracellular vol-
ume in humans, indicating that ceftolo-
zane may concentrate well at extracellular 
infection sites. It has also been reported 
that ceftolozane/tazobactam has excel-
lent lung penetration with low protein 
binding. The unbound drug is above the 
MIC of the organism (T > MIC) 40% of 
the time in plasma and epithelial lining 
fluid. This was observed in more than 
90% of the simulated ventilator-associated 
pneumonia population for gram-negative 
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organisms such as P. aeruginosa, E. coli, 
and K. pneumoniae.16

The pharmacodynamics of ceftolozane 
alone and in combination with tazobactam 
have been evaluated in various time-kill 
experiments. Results reveal that ceftolo-
zane/tazobactam exhibited bactericidal 
activity against various isolates of P. aeru-
ginosa, E. coli, K. pneumoniae, Streptococ-
cus pneumoniae, Burkholderia cepacia, 
and Moraxella catarrhalis. All isolates 
demonstrated four to eight times the 
MIC, with bacterial reductions of 3-log10 
within six to eight hours.17 Ceftolozane/
tazobactam demonstrated the most 
in vivo activity against ESBL, producing 
E. coli with bacterial density reductions 
ranging from 1.2 to 1.5 log units. While 
ceftolozane is effective on its own, the 
addition of tazobactam can extend the 
activity to include ESBL producers. A 
greater than 2-log10 bacterial reduction in 
colony-forming units at 24 hours can be 
observed when the combination is admin-
istered every six or eight hours. Dosing 
intervals of 12 or 24 hours resulted in as 
much as a 2-log reduction at 24 hours, 
exhibiting much less bacterial killing.

Ceftolozane/tazobactam concentra-
tions remain above MIC approximately 
40% to 50% of the time between dosage 
administrations, comparable to other 
cephalosporins. Monte Carlo modeling 
revealed that target attainment of 50% 
T > MIC at 8 mg/L was achieved in 90% 
of subjects with a 1.5-g dose infused over 
one hour every eight hours.

Studies compared the efficacy of dif-
ferent ratio combinations of ceftolozane/
tazobactam—2:1, 4:1, and 8:1—as well 
as ceftolozane alone. The most active 
combination was 2:1. Dosing regimens 
of 750 mg/375 mg every eight hours and 
higher prevented the amplification of 
drug resistance in E. coli and eradicated 
antimicrobial-resistant subpopulations.17 

CHEMICAL	STRUCTURE11 
Ceftolozane/tazobactam is a combina-

tion product that contains a cephalosporin 
(ceftolozane) and a β-lactamase inhibitor 
(tazobactam). Its chemical structure is 
illustrated in Figure 1. 

INDICATIONS	AND	USAGE	
Projected clinical indications for ceftolo-

zane/tazobactam include: complicated 
urinary tract infections (cUTIs), compli-
cated intra-abdominal infections (cIAIs), 

hospital-acquired bacterial pneumonia, 
and ventilator-associated bacterial pneu-
monia, pending the results from ongoing 
phase 3 clinical trials. 

CLINICAL	PHARMACOLOGY	 
This combination intravenous (IV) 

cephalosporin and β-lactamase inhibitor in 
a fixed 2:1 ratio exerts synergistic effects 
on susceptible bacterial strains with bac-
tericidal activity.11 Ceftolozane directly 
inhibits PBPs, resulting in the disruption 
of cell-wall synthesis and subsequently 
bacterial cell death. Ceftolozane has been 
proven to have greater affinity for PBPs 
when compared with ceftazidime and 
imipenem.7 The addition of tazobactam 
to ceftolozane improves the spectrum of 
activity against resistant strains, including 
select ESBL-producing organisms.13 This 
results from tazobactam inhibiting class 
A β-lactamases in addition to a number 
of class C β-lactamases, preventing the 
hydrolysis of ceftolozane and allowing 
for the enhanced spectrum of activity.19,20

CLINICAL	TRIALS	
In a phase 2, multicenter, double-blind, 

randomized clinical trial, the safety and 
ef ficacy of ceftolozane/tazobactam 
were evaluated in 122 patients with cIAI 
randomized in a 2:1 ratio to either IV 
ceftolozane/tazobactam 1 g/0.5 g every 
eight hours and IV metronidazole 0.5 g 
every eight hours or IV meropenem 1 g 
every eight hours for four to seven days. 
The primary endpoint of the study was 
clinical response at the test of cure (TOC) 
date, seven to 14 days after treatment. 
The secondary endpoints were the 
microbiological response at TOC, safety 
parameters, and the pharmacokinetics of 
ceftolozane/tazobactam. Patients were 

included if they required surgical inter-
vention within 24 hours of antibiotic, were 
18 to 90 years of age, and had a diagnosis 
of cIAI. Patients were excluded if they 
were pregnant or nursing; had a diag-
nosis of intra-abdominal wall abscess, 
noninfectious intra-abdominal process, 
acute suppurative cholangitis, necrotiz-
ing pancreatitis of an infectious source, 
or pancreatic abscess; had rapidly pro-
gressing or life-threatening disease, 
moderate-to-severe renal dysfunction, 
an immunocompromising illness, or 
significant abnormality in a baseline 
electrocardiogram; or used other IV 
antibiotics (including carbapenems and 
cefepime).21 The ceftolozane/tazobac-
tam/metronidazole arm included more 
high-risk patients (more than 65 years 
of age, APACHE score higher than 10, 
and moderate renal impairment). A total 
of 105 patients were clinically evaluable 
(CE, per protocol) and 77 were microbio-
logically evaluable (ME, modified intent 
to treat [mITT]), with a mean treatment 
duration of six days. In the ceftolozane/
tazobactam/metronidazole arm and the 
meropenem arm, a clinical response was 
found in 91.4% and 94.3%, respectively 
(–2.9%; 95% confidence interval [CI], –13 
to –7.2) of the CE subgroup and 88.7% 
and 95.8% (–7.2%; 95% CI, –18.8 to –4.5) 
of the ME subgroup. A microbiological 
response for patients infected with E. coli, 
the most common pathogen, was 89.5% 
(34 of 38 patients) and 94.7% (18 of 19 
patients) in the ceftolozane/tazobactam/
metronidazole and meropenem arms, 
respectively. Ceftolozane/tazobactam/
metronidazole was associated with fewer 
drug-related adverse effects (8.5%) than 
meropenem (33.3%).9,17

In two phase 3, multicenter, double-

TazobactamCeftolozane

Figure 1  Chemical Structure of Ceftolozane/Tazobactam11 
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blind, randomized, noninferiority clinical 
trials, IV ceftolozane/tazobactam 1 g/0.5 g 
every eight hours was compared with levo-
floxacin 750 mg IV once every 24 hours in 
1,050 patients with cUTIs.17 The primary 
endpoint was the proportion of patients 
(in the modified microbiological ITT 
[mMITT] population) with both a micro-
biological eradication and clinical cure 
at the TOC visit (seven days ± two days 
after last dose). Secondary endpoints 
included patients (28 to 35 days after the 
last dose) with clinical cure, patients with 
microbiological eradication, the rates of 
eradication for each pathogen, and safety 
parameters. Patients were included if they 
were more than 18 years of age presenting 
with pyuria, clinical signs/symptoms of a 
cUTI (either pyelonephritis or complicated 
lower UTI) requiring IV antimicrobial 
therapy, and provided pretreatment urine 
cultures. Patients were excluded if they 
had a moderate-to-severe hypersensitiv-
ity to quinolone or β-lactam antimicrobi-
als, had received antimicrobials within 
48 hours of the first urine culture, had 
a UTI judged by investigators to require 
more than seven days of therapy, or had 
a permanent urinary stent or obstruc-
tion in the urinary tract, prostatitis, renal 
abscess, ileal loop, vision-ureteral reflux, 
CrCl less than 30 mL/min, immunocom-
promising conditions, or presented with 
more than one of the following: any liver 
enzyme (AST, ALT, alkaline phosphatase) 
or total bilirubin more than three times the 
upper limit of normal, absolute neutrophil 
count less than 500/μL, platelet count less 
than 40,000/μL, or hematocrit level less 
than 20%.22,23 The primary endpoint was 
achieved in 76.9% and 68.4% of the ceftolo-
zane/tazobactam and levofloxacin mMITT 
arms, respectively. In the per-protocol 
group, 83.3% and 75.4% of patients met 
the primary endpoint in the ceftolozane/
tazobactam and levofloxacin arms, respec-
tively. Results were judged to have reached 
noninferiority. Microbiological eradica-
tion rates for ceftolozane/tazobactam and 
levofloxacin were 80.4% and 72.1% in the 

mMITT population and 86.2% and 77.6% in 
the per-protocol population, respectively. 
Eradication rates of unique pathogens for 
ceftolozane/tazobactam and levofloxacin 
are shown in Table 2. Treatment-related 
adverse effects occurred in 10.3% and 
12.0% of the ceftolozane/tazobactam 
and levofloxacin patients, respectively. 
Headache was the most common side 
effect (5.8%) associated with ceftolozane/
tazobactam; others included constipation 
(3.9%), hypertension (3%), nausea (2.8%), 
and diarrhea (1.9%).10

In two phase 3, multicenter, random-
ized, double-blind trials, the safety and 
efficacy of ceftolozane/tazobactam for 
cIAI were studied against meropenem. 
A total of 993 patients were randomized 
to receive either IV ceftolozane/tazobac-
tam 1 g/0.5 g every eight hours and IV 
metronidazole 0.5 g every eight hours or 
IV meropenem 1 g every eight hours for 
four to 14 days. The primary endpoint was 
the clinical cure rate at day 26 to 30 after 
initiation of treatment; the secondary 
endpoints were the microbiological cure 
rates, rates of microbiological cure with a 
clinical outcome, and safety parameters. 
Patients were enrolled if they presented 
with a cIAI requiring surgery within 
24 hours of receiving the antimicrobial. 
Patients were excluded if they were diag-
nosed with simple appendicitis, acute 
suppurative cholangitis, infected necro-
tizing pancreatitis, pancreatic abscess, 
or pelvic infections, or had additional 
infections requiring additional gram-
negative coverage, rapidly progressing 
or life-threatening disease, moderate-to-
severe renal dysfunction, hepatic disease, 
or any moderate-to-severe hypersensitiv-
ity to β-lactam antimicrobials or metroni-
dazole.24–26 In the mITT population, the 
primary endpoint was met in 83% of the 
ceftolozane/tazobactam/metronidazole 
arm and 87.3% of the meropenem arm, 
achieving noninferiority. The micro-
biological eradication rates for unique 
pathogens are detailed in Table 2. The 
most common adverse effects reported 

were nausea (7.9%), diarrhea (6.2%), fever 
(5.2%), insomnia (3.5%), and vomiting 
(3.3%) in the ceftolozane/tazobactam/
metronidazole arm, comparable to the 
meropenem arm. A phase 3, multicenter, 
randomized, double-blind clinical trial 
(ASPECT-NP) is being planned to evalu-
ate the safety and efficacy of ceftolozane/
tazobactam (3 g IV every eight hours) 
compared with meropenem (1 g IV every 
eight hours) in patients with ventilated 
nosocomial pneumonia. The primary end-
point of 28-day all-cause mortality will be 
evaluated in the ITT population. Second-
ary endpoints will include clinical and 
microbiological response rates, 14-day 
all-cause mortality, and safety and phar-
macokinetic parameters. Patients will be 
enrolled if they present with ventilator-
associated bacterial pneumonia or hos-
pital-acquired bacterial pneumonia; are 
admitted for more than 48 hours and are 
intubated or on a ventilator with clinical 
criteria for ventilated nosocomial pneu-
monia; and have an APACHE score of 
15 to 35. Patients will be excluded if they 
have moderate-to-severe hypersensitivity 
to β-lactams, are immunosuppressed, 
are expected to survive for less than 
72 hours, have end-stage renal disease, 
require dialysis, or have confounding 
respiratory conditions.27,29 This trial is 
initiating investigational sites.

ADVERSE	DRUG	REACTIONS
The adverse-event (AE) profile of 

ceftolozane/tazobactam from two phase 2 
trials (comparing either ceftolozane alone 
or in combination with tazobactam to 
ceftazidime or meropenem) suggests that 
ceftolozane/tazobactam is well tolerated. 
In the cUTI treatment trial, ceftolozane 
1 g every eight hours was compared 
with ceftazidime 1 g every eight hours 
for seven to 10 days. The cIAI treatment 
trial evaluated ceftolozane/tazobactam 
1 g/0.5 g with metronidazole 0.5 g every 
eight hours versus meropenem 1 g every 
eight hours. Although the reported AEs 
for ceftolozane and ceftazidime were simi-

Table	2		Eradication	Rates	of	Unique	Pathogens	for	Ceftolozane/Tazobactam	and	Comparators10

Complicated	Urinary	Tract	Infection Complicated	Intra-Abdominal	Infection
Samples Ceftolozane/ 

tazobactam
Levofloxacin Samples Ceftolozane/ 

tazobactam
Meropenem

Escherichia coli 546 91% 80% 426 96% 95%

Klebsiella pneumoniae 48 84% 61% 53 100% 88%

Pseudomonas aeruginosa 19 86% 58% 53 100% 100%
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lar, rates of constipation (9.4% versus 4.8%), 
nausea (5.9% versus 0%), insomnia (4.7% 
versus 0%), headache (5.9% versus 0%), 
hypertension (2.4% versus 0%), phlebitis 
(2.4% versus 0%), and infusion-site reac-
tions (2.4% versus 0%) were higher with 
ceftolozane.11 Conversely, ceftazidime 
demonstrated higher rates of diarrhea 
(3.5% versus 7.1%). When compared to 
meropenem, increased rates of ileus (3.6% 
versus 0%) and anemia (6.1% versus 2.6%) 
were linked with ceftolozane/tazobactam. 
Elevations in ALT (7.7%) and AST (5.1%) 
were identified with meropenem but 
not with ceftolozane/tazobactam. Based 
on these phase 2 trials, it appears that 
ceftolozane/tazobactam is safe and has a 
tolerable AE profile compared with other 
β-lactam antimicrobials. In the phase 3 
trial comparing ceftolozane/tazobactam 
with metronidazole to meropenem for 
cIAI, the AE rates were comparable (44% 
versus 42.7%). The most common AEs 
reported with ceftolozane/tazobactam/
metronidazole were nausea (7.9%), diar-
rhea (6.2%), fever (5.2%), insomnia (3.5%), 
and vomiting (3.3%).25 The rates of AEs in 
the phase 3 trial comparing ceftolozane/
tazobactam to levofloxacin for cUTI treat-
ment were also comparable (34.7% versus 
34.4%). Adverse drug events were con-
sistent with those seen in the prior cIAI 
phase 3 trial and the earlier phase 2 tri-
als; the most common AEs reported with 
ceftolozane/tazobactam were headache 
(5.8%), constipation (3.9%), hypertension 
(3%), nausea (2.8%), and diarrhea (1.9%).28

DRUG	INTERACTIONS 

Based on previous trial data and on-
going clinical trials, no significant drug–
drug or food–drug interactions have been 
associated with ceftolozane/tazobactam 
administration. However, drug–drug inter-
actions similar to those observed with 
the cephalosporin class of anti microbials 
and β-lactamase inhibitors (BLIs) should 
be considered as potential interactions 
until further drug–drug interactions have 
been completely elucidated. Moreover, 
as a result of drug accumulation in renal 
impairment, caution should be taken when  
coadministering ceftolozane/tazobactam 
with other renally eliminated medications 
due to possible nephrotoxicity.29

CONTRAINDICATIONS	
Contraindications for the use of ceftolo-

zane/tazobactam have not been estab-

lished. However, hypersensitivity reac-
tions are a concern with its use in patients 
allergic to penicillin-derived products, 
cephalosporins, or BLI antimicrobials. 

PRECAUTIONS	AND	WARNINGS
Although formal precautions and warn-

ings have not been established, concerns 
about hypersensitivity reactions, skin 
rashes, Clostridium difficile (C. diffi-
cile)–associated diarrhea, hematological 
effects, central nervous system effects in 
patients with renal impairment, and the 
risk of developing drug-resistant species 
may be prudent, assuming there are simi-
larities between ceftolozane/tazobactam 
and other cephalosporins and BLIs.30,31

Hypersensitivity reactions have been 
reported to be serious and sometimes 
fatal in patients receiving antimicrobials 
such as β-lactam/BLI antibiotics. It would 
be reasonable to screen for individuals 
at high risk for serious hypersensitivity 
prior to use of ceftolozane/tazobactam. As 
with other medications, if a patient experi-
ences an anaphylactic-type reaction while 
receiving ceftolozane/tazobactam, the 
drug should be discontinued immediately. 
In addition, serious skin reactions docu-
mented as Stevens-Johnson syndrome 
and/or toxic epidermal necrolysis have 
been associated with β-lactams/BLIs; 
if a patient develops a skin lesion that 
progresses, the drug should be discon-
tinued immediately. It can be assumed 
that ceftolozane/tazobactam will pose the 
same risk of C. difficile as other β-lactams. 
Antimicrobial agents, in general, alter the 
normal flora of the colon. In a patient who 
is taking or has recently discontinued an 
antimicrobial therapy, a C. difficile diagno-
sis should be considered if a patient devel-
ops watery diarrhea and/or other signs 
and symptoms suggestive of C. difficile. 

As noted in the phase 2 and 3 studies, 
ceftolozane/tazobactam showed hemato-
logical effects such as anemia that were 
nonsignificant; however, β-lactams have 
been reported to result in leukopenia/
neutropenia. Usually, these effects are the 
result of prolonged administration and are 
generally reversible once the drug is dis-
continued. β-lactams, specifically second- 
and third-generation cephalosporins, have 
been shown to increase bleeding risks 
due to prolonged prothrombin time.30,31 

Based on the pharmacokinetic stud-
ies conducted, ceftolozane/tazobactam 
has been shown to accumulate in cases 

of renal impairment, similar to other 
β-lactam antimicrobials; therefore, 
patients with moderate-to-severe renal 
impairment may require a dose adjust-
ment to prevent accumulation.15,29 

With regard to the possible develop-
ment of antimicrobial-resistant species, 
appropriate prescribing, adherence, 
and anti microbial stewardship should 
be enforced. 

	SPECIAL	POPULATIONS	
No adequate and well-controlled stud-

ies have been performed in pregnant 
women. As a class, cephalosporins are 
pregnancy category B.32 In the geriatric 
population, renal function is likely to be 
decreased, so ceftolozane/tazobactam 
should be used with caution in patients 
with moderate-to-severe renal impair-
ment (CrCL less than 30 mL/min).29 

CONCLUSION	
In 2010, the Infectious Diseases Society 

of America launched an initiative to stimu-
late research in novel, safe, and effec-
tive antibiotics to combat the growing 
concern over antimicrobial resistance. 
This “10 x 20” initiative calls for 10 new 
antibiotics by the year 2020.33 Cubist 
Pharmaceuticals has taken advantage of 
the Generating Antibiotic Incentives Now 
law, which authorizes fast-track status for 
qualified infectious disease products such 
as ceftolozane/tazobactam at the Food and 
Drug Administration (FDA). According to 
the abbreviated results from four phase 3 
clinical trials, it appears that ceftolozane/
tazobactam is a novel, safe, and effective 
antibiotic for the treatment of cUTIs and 
cIAIs. In June 2014, the FDA accepted 
Cubist’s new drug application submis-
sion for ceftolozane/tazobactam for the 
treatment of cUTIs and cIAIs.34 The use of 
ceftolozane/tazobactam for other clinical 
indications remains to be seen; however, 
the current results appear promising. 
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