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The Problem of increasing antimi-
crobial resistance in Gram-negative 
organisms
The spread of antimicrobial resistance, par-
ticularly among facultative Gram-negative 
isolates, is now a dominant theme for physi-
cians, drug developers, and regulatory bodies 
[1] . However, a rational path to approval is 
not obvious for agents with increased activ-
ity against isolates that, while increasing in 
prevalence, are not the most common causes 
of community-acquired Gram-negative 
infections in the USA. These isolates include 
extended spectrum β-lactamase (ESBL) 
producing Enterobacteriaceae, carbapenem 
resistant Enterobacteriaceae and multidrug-
resistant (MDR) Pseudomonas aeruginosa.

Recent changes in the US FDA 
approval process
Some have advocated that organism-specific 
trial designs should be used to study agents 
with in vitro activity against these types of 
isolates, as either companions or replace-
ments for the historic indication-based clini-
cal trial design [2]. The argument in favor of 
continuing with indication-based trials is 
that the characteristics of anatomically dif-
ferent infections (e.g., urinary tract infection 
[UTI] and complicated intra-abdominal 
infection [cIAI]) are substantially variant 
that it is important to understand efficacy in 
specific sites of infection. Critical variations 
that may well affect antimicrobial activity 
include the densities of organisms, interac-
tions of polymicrobial versus monomicro-
bial infecting flora, and anatomic elements 

affecting clearance of infecting isolates, and 
patterns of failure (recurrent systemic signs 
of infection [UTI] vs surgical site infection 
[cIAI]). An agent with high penetration into 
the urine may work well against organisms 
with higher minimum inhibitory concentra-
tions in UTI, but fail because of penetration 
problems for intra-abdominal or pulmo-
nary infections. Recent guidance from the 
FDA allows greater flexibility for regulatory 
approval [3]. This guidance in effect reduces 
the number of studies needed for regulatory 
approval and, therefore, may accelerate avail-
ability of potentially novel agents. In the case 
of ceftolozane/tazobactam, a single UTI 
study was the necessary companion allowing 
only one cIAI study to be performed.

Ceftolozane/tazobactam
This discussion has been brought into better 
focus by the completion of the trial of ceftolo-
zane/tazobactam (plus metronidazole) versus 
meropenem (plus placebo) for complicated 
intra-abdominal infection. Ceftolozane is a 
novel cephalosporin that has demonstrated 
more potent in vitro activity against P. aeru-
ginosa compared with the currently avail-
able cephalosporins [4]. It is combined with 
tazobactam, a well-established β-lactamase 
inhibitor to broaden coverage to include most 
ESBL-producing Escherichia coli, Klebsiella 
pneumoniae, and other Enterobacteriaceae. 
Metronidazole was used as an adjunct anti-
biotic in the study due to the relatively poor 
activity of ceftolozane/tazobactam against 
Bacteroides fragilis [4]. Ceftolozane/tazobac-
tam is also being developed for the potential 
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treatment of hospital-acquired bacterial pneumonia, a 
term that includes ventilator-associated pneumonia, at 
a dose of 3 g every 8 h. Ceftolozane/tazobactam has 
been granted Fast Track status by the FDA pursuant to 
the Generating Antibiotics Incentives Now Act for its 
respective Qualified Infectious Disease Product indi-
cations.[5] The Qualified Infectious Disease Product 
designation allows for certain incentives related to the 
development of new antibiotics, including eligibility 
for Fast Track status and Priority Review. Other agents 
that have received this include ceftazidime/avibactam 
[6]. All of these regulatory tools are intended to bring 
agents like ceftolozane/tazobactam to clinical practice 
more rapidly.

Top line results for the Phase III trial of ceftolozane/
tazobactam in complicated intra-abdominal infec-
tions have recently been made public [7]. The two trials 
previously needed for regulatory approval were begun 
prior to the release of the recent guidance. The pro-
gram was altered to allow the reduction in total sample 
size per indication by combining the results from the 
two protocols in support of a single-study approval 
pathway for cIAI.

The trial compared ceftolozane/tazobactam, 
administered intravenously (1.5 g every 8 h [q8h]) plus 
metronidazole (0.5 g q8h), to meropenem, adminis-
tered intravenously (1 g q8h), in adult patients with 
cIAI. A total of 993 patients were enrolled. The trial 
was designed to demonstrate noninferiority of ceftolo-
zane/tazobactam and metronidazole to the comparator 
meropenem and met the FDA and the European Med-
icines Agency defined primary end points of statisti-
cal noninferiority compared with meropenem. In the 
microbiologically evaluable population suffering from 
infections caused by Gram-negative aerobic pathogens 
microbiological eradication rates of 234/243 (96.3%) 
and 269/282 (95.4%) were seen in the ceftolozane/
tazobactam plus metronidazole and meropenem treat-
ment arms, respectively. These are historically high 
rates for success compared with data from previous 
trials [8].

The presumed or confirmed microbiological eradi-
cation rates were 193/201 (96.0%) versus 214/225 
(95.1%) for E. coli and 28/28 (100%) versus 22/25 
(88.0%) for Klebsiella pneumoniae for the ceftolozane/
tazobactam plus metronidazole and meropenem treat-
ment arms, respectively. All infections with P. aerugi-
nosa were eradicated in both treatment groups, 25/25 
(100%) in the ceftolozane/tazobactam plus metroni-
dazole arm and 28/28 (100%) in the meropenem arm. 
Overall, a total of 58 subjects in the modified inten-
tion to treat population had baseline intra-abdominal 
pathogens that were confirmed to be ESBL-positive, 
including 29 subjects in each arm (7.5 vs 7.0% of 

subjects in the ceftolozane/tazobactam plus metroni-
dazole vs meropenem treatment arms, respectively). 
In the microbiologically evaluable population, 100% 
(22/22) of subjects in the ceftolozane/tazobactam plus 
metronidazole treatment arm were clinical cures com-
pared with 88.5% (23/26) of subjects in the merope-
nem treatment arm, demonstrating a therapeutic 
effect of ceftolozane/tazobactam for ESBL-producing 
Enterobacteriaceae.

Optimal design of Phase III clinical trials 
of new antibiotics for complicated intra-
abdominal infections
Are these numbers sufficient to document efficacy 
against the specific target pathogens? Certainly, the 
high cure rates seen in both arms of this trial, higher 
than seen in previous clinical trials using meropenem 
[8], raise concerns regarding the discriminatory power 
of this particular trial. There have been other advances 
in the management of cIAI, particularly including 
both percutaneous and laparoscopic intervention, 
and these may account for improved outcomes. We 
await the final study report to examine this point. The 
distribution of APACHE severity scores in this trial 
compared with others will also be of interest.

Given the inclusion and exclusion criteria com-
monly used for cIAI trials, effectively prohibiting entry 
of patients who have received prior antibiotic therapy, 
indication-based trials are not efficient means of col-
lecting outcomes of MDR isolates. In the current trial, 
for example, few, if any, MDR-Pseudomonas were iso-
lated. Determining the clinical efficacy of ceftolozane/
tazobactam against this highly resistant organism is 
of particular importance due to its potentially useful 
role in treating pseudomonal infections caused by car-
bapenem-resistant strains in multiple settings, includ-
ing ventilator-associated pneumonia. Ceftolozane/
tazobactam is a promising agent, however, develop-
ment of agents also active against carbapenem resistant 
Enterobacteriaceae remains a major priority.

Currently, we depend on anedoctal evidence from 
observational trials for data on the efficacy of anti-
microbials against highly resistant pathogens [9–12]. 
Observational trials are plagued by strong potential 
bias stemming from the lack of control the investi-
gator can exert on the situation being observed. As a 
result, it is arduous to ensure that a cause-and-effect 
relationship truly exists. This could lead to either over-
estimating or underestimating the effect of a particular 
antibiotic against specific MDR organisms.

It is in light of the above that we underscore the 
synergistic benefits of indication- and organism-spe-
cific trials designed to specifically answer this type of 
questions. Such trials could also provide more robust 
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data regarding efficacy against ESBL producing 
Enterobacteriaceae.
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