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Abstract

Background: Ceftolozane/tazobactam (C/T) has demonstrated activity against ESBL-producing
Enterobacterales (ESBL-E) and provides a carbapenem-sparing option. Broader use of C/T alongside
other carbapenem/inhibitor combinations may expand therapeutic choices and reduce selection
pressure for carbapenem resistance, supporting antimicrobial stewardship and limiting the spread of
carbapenem-resistant Enterobacterales. Methods: SPECTRA was a multicentre, retrospective real-
world study of hospitalized adults (=18 years) who received 248 hours of C/T across seven countries
(Australia, Austria, Germany, Italy, Mexico, Spain, UK) from January 2016 to November 2020.
Medical-record data were collected for up to 6 months before treatment and 30 days after the final
C/T dose (or until death). This sub-analysis describes clinical outcomes and healthcare utilization in
patients with laboratory-confirmed ESBL-E (n=39). Results: Thirty-nine ESBL-E patients were
included (mean age 59.3 years; 56.4% male); 79.5% had =1 comorbidity (mean 2.2 per patient).
Common pathogens were Escherichia coli (n=23) and Klebsiella spp (n=12). Investigator-assessed
clinical success was 64.9%, microbial eradication was 27.0%, in-hospital mortality was 20.5%, and 30-
day readmission was 5.1%. ICU admission during the index hospitalisation occurred in for 38.5% of
patients (mean ICU stay 16.0 days). Median treatment duration was 11 days while mean hospital stay
after C/T initiation was 13.5 days. Conclusions: In this real-world multi-country cohort, C/T showed
clinical effectiveness in ESBL-E infections, with outcomes consistent with the overall SPECTRA
population. C/T offers a carbapenem-sparing strategy that broadens treatment options and may help
reduce reliance on carbapenems, supporting efforts to limit carbapenem-resistant Enterobacterales.
Findings warrant evaluation in larger and comparative studies.
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1. Introduction

Antimicrobial resistance (AMR) is a global public health threat, projected to cause an estimated
10 million deaths per year worldwide and a global economic burden of $100 trillion by 2050. '3
Multidrug-resistant (MDR) organisms, such as Gram-negative bacteria Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and have diminished the efficacy of many traditional
antibiotics.>* However, the development of new antibiotics has reduced and only a limited number
of innovative agents are in development or have been approved in recent years.3®

Pathogens in the Enterobacterales order that carry extended-spectrum (3-lactamase (ESBL) genes
are considered one of the most challenging pathogens by the World Health Organization, with an
estimated 1.5 billion people colonized worldwide at one time.” ESBL-producing Enterobacterales
(ESBL-E) have become increasingly prevalent in both healthcare and community settings. Their
widespread emergence substantially limits therapeutic options and is associated with higher
morbidity and mortality among affected patients.””

ESBL-E confer resistance to a range of different antibiotics including penicillin and
cephalosporins.” Traditionally, carbapenem is the first choice for treating severe ESBL-E positive
infections in the US and Europe, however, the recent emergence of carbapenemase-producing
bacteria have increased the need for innovative therapies that are effective against ESBL-E
pathogens.”101! Innovative therapies such as ceftolozane/tazobactam (C/T) have emerged to address
this, offering potent activity against resistant Gram-negative bacteria including the Enterobacter
species.? C/T offers patients increased tazobactam exposure at the standard dose when compared to
some alternative (3 lactam/{ lactamase inhibitor combinations, which may be relevant when treating
isolates with elevated 3 lactamase expression, such as in ESBL-E infections or in patients with altered
drug clearance.?”

While randomized controlled trials (RCTs) remain the gold standard, they often exclude patients
with comorbidities, commonly seen in patients with ESBL-E.1314 Therefore, real-world evidence is
required to compliment findings from RCTs, improve understanding of treatment effectiveness over
a wider range of patient and infection types, and is increasingly used to inform regulatory decisions,
clinical guidelines, and health technology assessments.>

The Study of Prescribing patterns and Effectiveness of Ceftolozane/Tazobactam Real-world
Analysis (SPECTRA) provides a large, multi-country dataset of detailed clinical and microbiological
data. Previous publications from SPECTRA have summarized its overall findings and disseminated
data by critically ill, and in pulmonary disease and respiratory-related infection cohorts.’¢-18
Understanding current ESBL-E presence in patients with severe infections and the effectiveness of
alternative treatment options in this population allows for the development of strategies that are
effective against these organisms. This study focused on patients with ESBL-E infections, and aimed
to describe and evaluate clinical outcomes and healthcare resource utilization (HCRU) in this
population.

2. Materials and Methods

SPECTRA, a multicenter, retrospective study of adult inpatients treated with C/T for 248 hours
provided real-world outcomes on C/T use in Australia, Austria, Germany, Italy, Mexico, Spain and
the UK. Data were extracted from medical records across these seven countries from January 2016 to
November 2020. Study design, population and core outcomes are defined in previous papers.1¢-18
Patients were included if they were age >18 years, had received C/T for 248 hours and had received
their last C/T dose 230 days before data collection. Patients were excluded if they were participating
in an interventional clinical trial for Gram-negative infection at the time of treatment.
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The primary study objective was to characterize real-world C/T treatment patterns, clinical
outcomes and HCRU in hospitalized adults receiving >48 hours of treatment. A key secondary
objective as presented in this manuscript was to analyze patient outcomes by presence of ESBL-E
infection.

The study was conducted in compliance with the International Society for
Pharmacoepidemiology Guidelines for Good Pharmacoepidemiology Practices,’ the ethical
principles arising from the Declaration of Helsinki,? the European Union good pharmacovigilance
practices,® European and national laws with respect to data protection,?? and applicable local
regulations.

2.1. Outcomes

Data were retrospectively collected from medical records covering up to 30 days after treatment
or until death. Outcomes included investigator-assessed clinical success of C/T treatment during
index infection, microbial eradication, all-cause in-hospital mortality, length of hospital stay
following C/T administration, intensive care unit (ICU) admissions, ICU length of stay, and
readmission rates.

Clinical success was defined as microbiological eradication, no Gram-negative therapy needed
for a minimum of 48 hours after administration of C/T (not including discharge antibiotics or de-
escalation), no death due to Gram-negative infection, no additional treatment for exacerbation of
respiratory infection within 28 days of stopping C/T, resolution of any exacerbations or no need for
re-operation for source control. Microbiology data were analyzed if collected within 14 days of C/T
initiation and microbiological eradication was defined as negative culture at the site of index infection
after C/T.

2.2. Statistical Analysis

Categorical variables were reported as counts and percentages and continuous data reported as
mean and standard deviation (SD) or median and interquartile range (IQR). Where available, 95%
confidence intervals (Cls) for proportions have been reported. No inferential statistics were
performed on this dataset and therefore descriptive statistics are reported only.

3. Results

3.1. Patient Characteristics

A total of 39 of the 617 patients included in the SPECTRA study had ESBL-E positive infections.
Patients with ESBL-E had a mean age of 59.3 years, were 56.4% male and had a mean body mass
index (BMI) of 28.6 kg/m? (Table ). The presence of at least one comorbidity was seen in 79.5% of
patients with ESBL-E, with a mean of 2.2 comorbidities per patient (Table ). Patients could have
multiple infections, and pathogens responsible for the infections were most commonly Escherichia coli
(n=23), followed by Klebsiella species (n=12; Supplementary Table 51).

Table 1. Patient characteristics in patients with ESBL-E.

Patients with ESBL-E (n=39) Total Study Cohort (n=617)
Age*
Mean (SD) 59.3 (16.5) 57.4 (17.3)
Median 60.0 59.0
Q1,Q3 51.0;70.0 45.0;71.0
Male (%) 22 (56.4) 404 (65.5)
BMI (kg/m?)
Mean (SD) 28.6 (10.9) 25.6 (6.7)
Median 25.6 25.0
Q1,03 68.0;87.0 21.6;28.2

Previous care setting
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Home / Community (%) 29 (74.4%) 495 (80.2)
Other hospital (%) 6 (15.4%) 73 (11.8)
Other skilled care facility (%) 4 (10.3%) 35(5.7)
Unknown (%) 0 14 (2.3)
Number of comorbidities
>1 (%) 31 (79.5) 510 (82.7)
Mean (SD) 2.2(17) 2.1 (1.6)
Median 2.0 2.0
Q1,03 1.0; 3.0 1.0;3.0

* For patients aged 90 or older the healthcare provider was asked not to enter the exact age and to check a specific
box. Therefore, patients aged 90 or older are included in 'Missing' and are not taken into account in the
calculation of mean, median, etc. BMI: Body mass index; ESBL-E: extended-spectrum (-lactamase producing

Enterbacteriaceae; Q: Quartile; SD: Standard deviation.

3.2. Clinical Outcomes

Clinical success was recorded in 64.9% of patients with ESBL-E. When considering ESBL-E
infection type, clinical success was achieved in 59.1% of patients with Escherichia coli and 63.6% of
patients with Klebsiella spp infections (Table ). Microbial eradication was confirmed in 27.0% of patients
with ESBL-E (Table ). All-cause in-hospital mortality was 20.5% (95% CI: 9.3, 36.5; Table ).

Table 2. Clinical outcomes in patients with ESBL-E.

Patients with ESBL-E (n=39*)  Total Study Cohort (n=617)

Index infection considered as a clinical

success by the investigator (%) 24 (649) 415 (67.3)
Escherichia coli 13 (59.1) N/A
Kiebsiella spp 7 (63.6) N/A
Microbial eradication (%) 10 (27.0) 116 (18.8)
All-cause in-hospital mortality (%) 8 (20.5) 131 (21.2)
95% CI (9.3, 36.5) (18.1,24.7)

*Clinical success and microbial eradication were not reported in two patients in the ESBL-E cohort. These
individuals are considered as missing data and therefore excluded from percentage calculations. CI: confidence
interval; ESBL-E: extended-spectrum [-lactamase producing Enterbacteriaceae; spp: species; N/A: Not

applicable.

3.3. Healthcare Resource Utilization

Mean (SD) hospital length of stay following C/T administration was 13.5 (22.5) days (Table ).
During hospitalization, 38.5% of patients were admitted to the ICU, with 40.0% of these admissions
related to the index infection (Table ). The mean (SD) ICU length of stay was 16.0 (17.6) days (Table
)- In total, 5.1% of patients were readmitted to hospital within 30 days following discharge for any
cause (Table ).

Table 3. HCRU in patients with ESBL-E.

Patients with ESBL-E (n=39)  Total Study Cohort (n=617)

Admission to ICU during the index

hospitalization (%) 15(38.5) 298 (483)
ICU related to index infection (%) 6 (40.0) 125 (41.9)
ICU length of stay (days)
Mean (SD) 16.0 (17.6) 25.7 (23.9)
Median 11.0 19.0
Q1;Q3 5.0;16.0 8.0;37.5
30-day all-causes readmission (%) 2 (5.1) 63 (10.2)
Post-C/T length of stay (days)
Mean (SD) 13.5 (22.5) 15.5 (43.7)
Median 6.0 6.0
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Q1,Q3 2.0;20.0 1.0;25.0

C/T: Ceftolozane/Tazobactam; ESBL-E: extended-spectrum [-lactamase producing Enterbacteriaceae; ICU:

intensive care unit; Q: Quartile; SD: Standard deviation.

4. Discussion

In SPECTRA, C/T was administered to 39 patients positive for ESBL-E infections. The two most
prevalent species of ESBL-E identified in this study were Escherichia coli and Klebsiella spp, which is
broadly aligned with previous literature which found that ESBL-producing Escherichia coli and
Klebsiella pneumoniae are recorded as the most common ESBL-producing species.? Klebsiella spp were
one of the most frequently recorded species in this study, however only one patient was reported as
having Klebsiella pneumoniae. Apart from this, species information was mostly unspecified. This could
be due to a lack of consistent recording of species information in records obtained for this study.

Clinical success in patients with ESBL-E (64.9%) was comparable to the total study cohort
(67.3%). Clinical success was consistent regardless of pathogen species (Escherichia coli 59.1%,
Klebsiella spp 63.6%). These findings suggest that C/T was an effective treatment for patients with
ESBL-E, regardless of pathogen species. However, clinical success observed in this study for patients
with ESBL-E treated with C/T was lower than has been reported in previous literature (83.7%).2* This
may be due to differences in how the studies defined clinical success, which could be considered
more stringent in SPECTRA as patients could not receive further antibiotic treatment following C/T
to meet the criteria for clinical success.?* Differences may also have existed in time to treatment,
patient demographics and clinical infection type and severity which could also have contributed to
the observed differences in clinical success.?*

All-cause in-hospital mortality for patients with ESBL-E following C/T treatment (20.5%) was
similar to that of the total SPECTRA cohort (21.2%). When comparing to previous studies, this result
lies within reported mortality rates for patients with ESBL-E across all treatments (12% to 41%), but
is higher than previously observed mortality rates for patients with ESBL-E infections treated with
C/T (9.8%).2+2> However, it should be noted that mortality rates recorded in SPECTRA were for all-
causes and not specific to the index infection which could contribute to the higher observed mortality
rates.? Interestingly, the mortality rate observed in this study was lower than the 28-day mortality
rate recorded in literature for patients treated with Carbapenems (24.2%). 2 While comparison is not
possible across these studies and we cannot confirm that these results are due to C/T treatment, these
findings highlight the potential of C/T as an acceptable treatment alternative for patients with ESBL-
E infections.

ICU admissions and mean ICU length of stay were lower for patients with ESBL-E (38.5% and
16.0 days, respectively) compared to the total study cohort (48.3% and 25.7 days, respectively). In
contrast, previous literature has found that patients with ESBL-E infections experience longer lengths
of stay than patients with non-ESBL-E infections.? The reasons for patients with ESBL-E reporting
lower ICU admissions and length of stay in this study are unclear as patient characteristics in the
total study cohort and patients with ESBL-E are similar, and so do not suggest any underlying
differences between the two cohorts.

30-day all-cause readmission was also lower for patients with ESBL-E infections (5.1%) than for
the total SPECTRA population (10.2%). Published data on readmission of patients with ESBL-E
infections treated with C/T is limited. Results from the SPECTRA study suggest that C/T treatment
in patients with ESBL-E is effective, however limited literature exists to confirm this.

Across all endpoints considered in this study, results for patients with ESBL-E infections are
comparable to those in the overall study cohort in SPECTRA. Typically, results for the ESBL-E cohort
of the SPECTRA study were also more favorable than seen in literature for this population. The
results of this study therefore suggest that C/T may be an effective treatment in patients with ESBL-
E infections and could offer an alternative for reducing carbapenem dependance and treating ESBL-
E carbapenem-resistant Enterobacterales.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Limitations

This analysis is limited by its descriptive nature and lack of statistical analysis. Accordingly,
drawing associations between clinical outcomes and the presence of ESBL-E positive pathogens is
not possible. Furthermore, the small population size (n=39) of patients with ESBL-E infections limits
comparability to literature where larger populations are reported. Further limitations include the
retrospective design, possibility of multiple records per patient and that data were collected across
time windows that changed according to indication.

Despite these limitations, the findings of this SPECTRA sub-analysis offer descriptive, real-
world insight into the use of C/T for patients with ESBL-E infections, identifying clinical effectiveness
in this population and highlighting a need for further research into C/T as an alternative treatment
for ESBL-E positive patients.

5. Conclusions

In this study, C/T demonstrated real-world effectiveness among patients with ESBL-E positive
infections. Clinical success, all-cause in-hospital mortality, ICU admission and length of stay and 30-
day all-cause readmission rates for patients with ESBL-E were similar to those of the total population
included in SPECTRA and as seen in previous literature. These findings suggest that C/T may be a
suitable option for treating patients with ESBL-E infections and could offer an alternative for reducing
carbapenem dependance and treating ESBL-E carbapenem-resistant Enterobacterales. Further
research into C/T use in patients with ESBL-E infections is warranted to confirm the results of this
study in a larger cohort and support the adoption of C/T for treating patients with ESBL-E infections.
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