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Expert Committee recommendation

[

The Expert Committee recognized the global health importance of effective new treatments for infections caused by
multidrug-resistant pathogens, especially those designated as critical priority on the WHO priority pathogens list, for
which few effective treatment options exist or are in development. The Committee noted that clinical trial evidence for
efficacy of ceftolozane + tazobactam against carbapenem-resistant P. aeruginosa and Enterobacterales specifically was
positive, albeit limited, and that the medicine had shown good activity against carbapenem-resistant P. aeruginosa in in
vitro studies. The Committee considered that data presented from observational studies also supported the efficacy of
ceftolozane + tazobactam in the treatment of infections caused by drug-resistant P. aeruginosa. The Committee noted
no serious safety or tolerability concerns associated with ceftolozane + tazobactam, in both adult and paediatric
patients. Overall, the Committee considered that the availability of carbapenem-sparing alternatives for treatment of
drug-resistant P. aeruginosa was important as part of the strategy to limit and prevent further emergence and spread of
carbapenem-resistant organisms. The Committee noted the higher price of ceftolozane + tazobactam compared with
other antibiotics, but also that it had generally been found to be acceptably cost-effective in high-income settings. Given
the seriousness of infections due to carbapenem-resistant P. aeruginosa, particularly hospital-acquired and ventilator-
associated pneumonia, and the limited number of effective treatment options available, the Committee considered that
inclusion of ceftolozane + tazobactam on the Model Lists was sufficiently justified. The Expert Committee therefore
recommended the addition of ceftolozane + tazobactam as a reserve group antibiotic on the complementary list of the
EML and EMLc for the treatment of infections caused or suspected to be caused by carbapenem-resistant P.
aeruginosa. The Committee also emphasized the importance of associated stewardship activities to ensure its
appropriate use.

Background

[

Ceftolozane + tazobactam was previously considered for inclusion on the EML for treatment of infections due to
carbapenem-resistant Pseudomonas aeruginosa. Inclusion was not recommended at the time, with the Expert
Committee noting that although ceftolozane + tazobactam was active against some strains of carbapenem-resistant P.
aeruginosa, it lacked activity against carbapenemase-producing Enterobacteriaceae, which is more prevalent in the
community and represents a greater public health threat (1).

Public health relevance

[

According to data from the United States Centers for Disease Control and Prevention, from 2015 to 2017, Escherichia
coli, Klebsiella pneumoniae and P. aeruginosa represented over 30% of all pathogens associated with health care-
associated infections in US hospitals (2). A recent study estimated that drug-resistant E. coli, K. pneumoniae, and P.
aeruginosa were directly responsible for almost 500 000 deaths globally in 2019 (3). Rates of resistance of these
pathogens to carbapenems and third-generation cephalosporins show wide global variability. For example, resistance of
P. aeruginosa to carbapenems is reported to range from 8% in Australia and the United Kingdom, to 30% in India and
South Africa, to 87% in Belarus (4). In 2017, WHO designated carbapenem-resistant P. aeruginosa and carbapenem-
resistant and third-generation cephalosporin-resistant Enterobacterales critical priority pathogens in need of new
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therapeutic options (5).

Benefits

L]

The applicants conducted a comprehensive review of the available evidence for ceftolozane + tazobactam. A summary
of the included evidence published since the 2019 EML application is reported below. A summary of the evidence
considered in the 2019 application is reported in the technical report of the 2019 Expert Committee meeting (1).
Randomized clinical trials ASPECT-NP was a randomized, double-blind, non-inferiority, phase III trial assessing the
efficacy and safety of ceftolozane + tazobactam (3 g every 8 hours) compared with meropenem (1 g every 8 hours) for
the treatment of adults with Gram-negative nosocomial pneumonia - ventilated hospital-acquired pneumonia (HAP) and
ventilator-associated pneumonia (VAP) (6). Antibiotic treatment was given for 8-14 days. The primary efficacy endpoint
was all-cause mortality at day 28 in the intention-to-treat population. Mortality at 28 days was 24.0% in the ceftolozane
+ tazobactam group and 25.3% in the meropenem group with a weighted treatment difference of 1.1% (95% confidence
interval (CI) -5.1% to 7.4%). Ceftolozane + tazobactam met the criteria for non-inferiority to meropenem with a
prespecified 10% margin. In the VAP subgroup, 28-day mortality was 24% in the ceftolozane + tazobactam group and
20.3% in the meropenem group with a weighted treatment difference of -3.6% (95% CI -10.7% to 3.5%). Of note, the
lower limit of the 95% CI included the 10% non-inferiority margin (i.e. results inconclusive), but the authors stated that
this analysis was not powered for non-inferiority testing. The key secondary endpoint was clinical response 7-14 days
after the end of therapy. Clinical cure was achieved in 54% of patients in the ceftolozane + tazobactam group and 53%
in the meropenem group with a weighted treatment difference of 1.1% (95% CI -6.2% to 8.3%) demonstrating non-
inferiority of ceftolozane + tazobactam with a prespecified 12.5% margin. A substudy of the ASPECT-NP trial
investigated the emergence of non-susceptibility and found that all 59 isolates that were susceptible to ceftolozane +
tazobactam at baseline remained susceptible, while 22.4% (13/58) of those initially susceptible to meropenem became
resistant during treatment (7). A randomized, single-centre, open-label trial compared the efficacy and safety of
ceftolozane + tazobactam (1.5 g every 8 hours plus vancomycin, daptomycin or linezolid) with standard of care
(cefepime, piperacillin + tazobactam or meropenem plus vancomycin, daptomycin or linezolid) for the empiric
treatment of febrile neutropenia in 100 adults with haematological malignancies (8). The duration of treatment was
between 3 and 14 days. The primary efficacy endpoint was favourable clinical response at the end of intravenous
treatment in the modified intention-to-treat population. The non-inferiority margin for the primary outcome was 10%. At
the end of intravenous treatment, the proportion of patients with a favourable clinical response was higher in the
ceftolozane + tazobactam group than the standard of care group (87% versus 72%, P = 0.1). From the 1-sided non-
inferiority analysis, non-inferiority of ceftolozane + tazobactam was concluded because the lower limit of the 95% CI for
favourable clinical response was -1.4% (i.e. it did not cross the prespecified -10% non-inferiority margin). All-cause 30-
day mortality was 4% in both treatment groups with no deaths attributed to the infection. Observational studies A
retrospective study using data collected from 20 hospitals in the United States investigated outcomes in 205 patients
who received ceftolozane + tazobactam for the treatment of multidrug-resistant P. aeruginosa infections from any
source (pneumonia in 59% of cases) (9). The primary outcome was 30-day and inpatient mortality. Secondary outcomes
were clinical success and microbiological cure. Death occurred in 39 patients (19.0%), clinical success in 151 (73.7%)
and microbiological cure in 145 (70.7%). Of note the median time from culture collection to treatment initiation was 9
days. Commencement of treatment with ceftolozane + tazobactam more than 4 days after culture collection was
associated with worse outcomes in the multivariable analysis (odds ratio (OR) 5.5, 95% CI 2.1 to 14.4) although a
causative association cannot be assumed. High doses of ceftolozane + tazobactam (3 g every 8 hours) were used in
47.3% of patients. Another retrospective study reported outcomes in 101 adult patients with severe P. aeruginosa
infections from any source (pneumonia in 31.7% of cases) treated with ceftolozane + tazobactam in 22 hospitals across
Italy (10). Just over half (52.5%) of the patients were infected with an extensively drug-resistant or pandrug-resistant
isolate, 17.8% with a multidrug-resistant isolate and 29.7% were classified as non-multidrug-resistant. The primary
outcome was clinical success at the end of treatment which occurred in 83.2% of cases - 77.7% of cases with multidrug-
resistant infections, 81.1% with extensively drug-resistant or pandrug-resistant infections, and 90% with non-multidrug-
resistant infections. Predictive factors for clinical failure included sepsis (OR 3.02, P = 0.05) and continuous renal
replacement therapy (OR 4.50, P = 0.02). High doses of ceftolozane + tazobactam (3 g every 8 hours) were used in
65.6% of patients. A case-control study in Spain compared patients with haematological malignancy and P. aeruginosa
infection treated with ceftolozane + tazobactam (19 cases) or other antibiotics (38 controls) (11). A higher proportion of
cases than controls had neutropenia (63.2% versus 52.6%) and were infected with extensively drug-resistant pathogens
(47.4% versus 21.1%). Patients treated with ceftolozane + tazobactam had higher clinical success rates than controls
(89.5% versus 71.1%) and lower mortality (5.3% versus 28.9%). Another retrospective, multicentre observational cohort
study compared ceftolozane + tazobactam with treatment with either polymyxins or aminoglycosides-based regimens
for infections due to drug-resistant P. aeruginosa (12). Baseline characteristics were similar between the two groups
and the outcomes assessed were clinical cure, acute kidney injury and in-hospital mortality. Clinical cure was 81% in
the ceftolozane + tazobactam group and 61% in the comparator group. In-hospital mortality was 20% with ceftolozane
+ tazobactam and 25% in the comparator group. The development of acute kidney injury occurred in 6% of patients
treated with ceftolozane + tazobactam and 34% of patients in the comparator group. After adjusting for differences
between groups, treatment with ceftolozane + tazobactam was independently associated with clinical cure (adjusted
OR 2.63, 95% CI 1.31 to 5.30) and protection against acute kidney injury (adjusted OR 0.08, 95% CI 0.03 to 0.22). No
difference between the groups was seen for in-hospital mortality. The ZENITH study was a matched case-control study
that compared ceftolozane + tazobactam with other antibiotics with anti-pseudomonas activity for the treatment of
bloodstream infections due to P. aeruginosa in neutropenic haematological patients (13). Matching was done on the
multidrug-resistance profile of the P. aeruginosa isolate, closest date of bloodstream infection, underlying disease and
polymicrobial infection. A total of 44 cases (treated with ceftolozane + tazobactam as empiric and/or targeted therapy)
and 88 controls (treated with other antibiotic regimens) were analysed. Among the cases, 91% of infections were
caused by multidrug-resistant P. aeruginosa. The primary endpoints were 7- and 30-day case fatality rates. At both time
points, the case fatality rate was lower in the ceftolozane + tazobactam group (day 7: 6.8% versus 34.1%; day 30: 22.7
% versus 48.9%). After adjusting for potential confounders, the odds of dying from the Pseudomonas infection were
lower in the ceftolozane + tazobactam group compared with the control group both at day 7 (adjusted OR 0.16, 95% CI
0.04 to 0.58) and day 30 (adjusted OR 0.19, 95% CI 0.07 to 0.55).

Harms



[

The application reported that among patients in the randomized trials, ceftolozane + tazobactam was generally well
tolerated and the overall safety profile and tolerability were similar to the comparator in the ASPECT-cUTI (14),
ASPECT-cIAI (15) and ASPECT-NP (6) trials. The safety results of the ASPECT-NP trial are reported below. Safety
results from ASPECT-cUTI and ASPECT-cIAI trials considered by the Expert Committee were previously reported in
2019 (1). In ASPECT-NP, the incidence of treatment-emergent and severe adverse events, discontinuation due to
adverse events, and death were comparable between treatment groups (6). Overall, 11% of patients in the ceftolozane
+ tazobactam group experienced at least one treatment-related adverse event compared with 8% in the meropenem
group. The most frequently reported treatment-related adverse events in the ceftolozane + tazobactam group were liver
function test abnormalities, Clostridioides difficile colitis and diarrhoea. The most common treatment-emergent adverse
events were anaemia, urinary tract infections, diarrhoea and decubitus ulcers (16). The proportion of severe treatment-
related events was the same in both groups (1%) as was the proportion of treatment-related adverse events leading to
drug discontinuation (1% in both groups). No treatment-related adverse event resulted in death (6). The application
presented safety data for ceftolozane + tazobactam in the paediatric population. Two randomized, double-blind, phase
IT trials compared ceftolozane + tazobactam and meropenem in treatment of paediatric patients with complicated
urinary tract infections (17) and intra-abdominal infections (18). In the trial including patients with complicated urinary
tract infections, 133 children were included and the proportion of patients with treatment-related adverse events was
similar in the two groups (14.0% with ceftolozane + tazobactam versus 15.2% with meropenem) with no serious
treatment-related adverse events. In the trial including patients with complicated intra-abdominal infections, 91
patients were included and the proportion of treatment-related adverse events was higher with ceftolozane +
tazobactam (plus metronidazole) than with meropenem (18.6% versus 14.3%). Overall adverse events were also higher
in the ceftolozane + tazobactam group (80.0% versus 61.9%).

Additional evidence

[

The ASPIRE-ICU team recently published a study where resistance to ceftolozane + tazobactam in P. aeruginosa
isolates from mechanically ventilated patients in the intensive care unit was 23.4% (19). In the study, 723 isolates
obtained from respiratory samples or perirectal swabs from 402 patients in 11 European countries were analysed.

Cost / cost effectiveness

L]

A cost-effectiveness analysis was performed comparing ceftolozane + tazobactam to meropenem to treat hospital-
acquired pneumonia and ventilator-associated pneumonia in Italy (22). Cost-effectiveness of both empiric and targeted
use were analysed. The study concluded that ceftolozane + tazobactam was cost-effective compared with meropenem
with an incremental cost-effectiveness ratio (ICER) of €1913 to €2203 (for empiric treatment) and €6163 to €6597 (for
targeted treatment) per quality-adjusted life year (QALY) gained. The same comparison was done from the perspective
of the US health care sector (23) and showed that in the confirmed treatment setting, the ICER for ceftolozane +
tazobactam compared with meropenem for the treatment of ventilated hospital-acquired pneumonia or ventilator-
associated pneumonia was US$ 12 126 per QALY. The ICER decreased to US$ 4775 per QALY when used early (before
susceptibility results). A cost-effectiveness analysis compared ceftolozane + tazobactam with piperacillin + tazobactam
for the empiric treatment of complicated urinary tract infection in Taiwan, China (24). Empiric use of ceftolozane +
tazobactam resulted in higher total costs per patient compared with piperacillin + tazobactam (US$ 4199 versus US$
3594) but a higher gain in QALYs (4.80 versus 4.78 QALYs). The additional cost per discounted QALY gained associated
with the empiric use of ceftolozane + tazobactam was US$ 32 521. The same comparison was done from the
perspective of the United States health care sector (25), and showed that treatment with ceftolozane + tazobactam had
higher costs than piperacillin + tazobactam (US$ 36 413 versus US$ 36 028), a higher QALY gained (9.19 versus 9.13
QALY) and an ICER of US$ 6128/QALY. The authors concluded that ceftolozane + tazobactam remained cost-effective
at a willingness to pay of US$ 100 000 per QALY compared with piperacillin + tazobactam. Another cost-effectiveness
analysis compared ceftolozane + tazobactam (plus metronidazole) with piperacillin + tazobactam for the empiric
treatment of patients with nosocomial complicated intra-abdominal infections at risk of infection with resistant
pathogens (26). The authors concluded that based on national antimicrobial resistance surveillance data in the United
States, ceftolozane + tazobactam with metronidazole was associated with lower costs per patient compared to
piperacillin + tazobactam (US$ 44 226 versus US$ 44 811) and a higher QALY gain (12.85 versus 12.70 QALYs). They
concluded that ceftolozane + tazobactam was more likely to be an appropriate empiric therapy for complicated intra-
abdominal infections in the US. The same comparison was done in the United Kingdom, which showed that ceftolozane
+ tazobactam (plus metronidazole) was cost-effective compared with piperacillin + tazobactam with an ICER of £4350
per QALY and 0.36 hospitalization days saved per patient (27). Treatment with ceftolozane + tazobactam was
associated with higher costs per patient compared with piperacillin + tazobactam (£2576 versus £2168) and a higher
QALY gain (14.31 versus 14.21).

WHO guidelines

L]

Ceftolozane + tazobactam is not currently included in existing WHO guidelines. The Infectious Diseases Society of
America guidelines (20) and the European Society of Clinical Microbiology and Infectious Diseases guidelines (21)
include ceftolozane + tazobactam as a preferred treatment option for drug resistant P. aeruginosa infections. In
particular, the US guidelines recommend it for difficult-to-treat Pseudomonas infections and as a reasonable alternative
for moderate-to-severe infections caused by carbapenem-resistant Pseudomonas susceptible to traditional B-lactams
(20). The European Society of Clinical Microbiology and Infectious Diseases guidelines recommend ceftolozane +
tazobactam for difficult-to-treat carbapenem-resistant P. aeruginosa, if active in vitro (21).

Availability

L]

Ceftolozane + tazobactam is manufactured by Merck, Sharp & Dohme and has regulatory approval from the United
States Food and Drug Administration and the European Medicines Agency. It is currently available in 27 European
countries, 17 Asian countries and nine countries in the Americas. In Africa, it is only available in Egypt and South
Africa. It is also available in Australia and New Zealand.

Other considerations

[



The Global Coordination and Partnership department within the Antimicrobial Resistance division reviewed the
application and advised that it supported the inclusion of ceftolozane + tazobactam on the Model Lists as a reserve
group antibiotic. The technical department stressed that the use of ceftolozane + tazobactam must always be informed
by evidence-based guidance and strong stewardship activities, and that access and affordability of the medicine must be
considered, particularly for patients in low- and middle-income countries. The EML Antimicrobial Working Group
reviewed the application and advised that it supported the inclusion of ceftolozane + tazobactam on the EML and EMLc
as reserve antibiotic for the treatment of infections caused or suspected to be caused by carbapenem-resistant P.
aeruginosa, but emphasized the importance of associated stewardship interventions to ensure its appropriate use. The
Working Group highlighted that ceftolozane + tazobactam has particularly high activity against carbapenem-resistant
P. aeruginosa, a critical priority pathogen on the WHO priority pathogens list, which in some settings is a common
cause of severe pneumonia in ventilated patients in intensive care, including patients with coronavirus disease 2019
(COVID-19). The Working Group noted that clinical trial and observational data suggest that ceftolozane + tazobactam
is as effective in patients with nosocomial pneumonia as other commonly used older antibiotics. However, high levels of
resistance to the most widely used antibiotics in high-risk settings are increasingly common and alternative antibiotics
are needed to provide wider treatment options. The Working Group also noted that ceftolozane + tazobactam was
generally well tolerated, with no specific safety concerns. Published phase I pharmacokinetic and phase II safety studies
also support the safety of ceftolozane + tazobactam in paediatric patients (28,29). The Working Group commented that
ceftolozane + tazobactam was notably more expensive than other antibiotics for which generics are available. The
primary patent is due to expire in 2023, but secondary patents will be active until 2035. The Working Group also noted
that limited cost-effectiveness data were available from low- and middle-income settings.
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