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ABSTRACT

Introduction: The clinical efficacy and safety of
ceftolozane/tazobactam for the treatment of
ventilated hospital-acquired bacterial pneumo-
nia (VHABP) and ventilator-associated bacterial
pneumonia (VABP) has been demonstrated in
the phase III randomised controlled trial
ASPECT-NP. However, there are no published
data on the cost-effectiveness of
ceftolozane/tazobactam  for = vHABP/VABP.
These nosocomial infections are associated with
high rates of morbidity and mortality, and are
increasingly complicated by growing rates of
resistance and the inappropriate use of antimi-
crobials. This study is to assess the cost-effec-
tiveness of ceftolozane/tazobactam compared
with meropenem for the treatment of vHABP/
VABP in a US hospital setting.

Methods: A short-term decision tree followed
by a long-term Markov model was developed to
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estimate lifetime costs and quality-adjusted life-
years associated with ceftolozane/tazobactam
and meropenem in the treatment of patients
with vHABP/VABP. Pathogen susceptibility and
clinical efficacy were informed by the Program
to Assess Ceftolozane/Tazobactam Susceptibil-
ity (PACTS) database and ASPECT-NP, respec-
tively. A US healthcare sector perspective was
adopted, capturing direct costs borne by third-
party payers or integrated health systems, and
direct health effects for patients.

Results: In the confirmed treatment setting
(post-susceptibility results), the incremental
cost-effectiveness ratio for ceftolozane/tazobac-
tam compared to meropenem was US$12,126
per quality-adjusted life-year (QALY); this
reduced when used in the early treatment set-
ting (before susceptibility results) at $4775/
QALY.

Conclusion: Ceftolozane/tazobactam repre-
sents a highly cost-effective treatment option
for patients with vHABP/VABP versus mer-
openem when used in either the confirmed or
early treatment setting; with increased cost-ef-
fectiveness shown in the early setting.

Keywords: Antimicrobial resistance;
Ceftolozane; Cost-effectiveness analysis;
Hospital-acquired  pneumonia; Mechanical

ventilator
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Why carry out this study?

Ventilated hospital-acquired and
ventilator-associated bacterial pneumonia
(VHABP and VABP) are associated with a
high mortality rate and intensive use of
healthcare resource.

This study investigated the question
whether ceftolozane/tazobactam could be
a cost-effective treatment option for
vHABP/VABP, given increased drug costs.

What was learned from the study?

Based on a model that synthesized
evidence primarily from a Phase III trial
and a global susceptibility surveillance
database, it is estimated that
ceftolozane/tazobactam could be a cost-
effective treatment option in both early
(prior to culture test result) and confirmed
treatment for vHABP/VABP, compared to
meropenem.

Early treatment use of
ceftolozane/tazobactam yielded more
favorable economic and health outcomes
than confirmed use of
ceftolozane/tazobactam, by reducing the
risk of initial inappropriate treatment.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14216423.

INTRODUCTION

Gram-negative pathogens are a major cause of
hospital acquired infection, accounting for
more than 30% of all healthcare-associated

infections in the US [1]. Hospital-acquired bac-
terial pneumonia (HABP) is one of the most
common  hospital-acquired = Gram-negative
infections. HABP patients may experience acute
respiratory failure and require mechanical ven-
tilation (ventilated HABP, or vHABP) [2]. Ven-
tilator-associated bacterial pneumonia (VABP) is
the most common intensive care unit (ICU)-
acquired infection affecting approximately one-
third of patients receiving mechanical ventila-
tion [3]. Notably, higher all-cause mortality
rates were found among patients with vHABP
and VABP versus those with non-ventilated
HABP [4].

The most frequently reported Gram-negative
pathogens associated with HABP are Pseu-
domonas aeruginosa followed by Enterobacteri-
ales [5]. These pathogens are often challenging
to treat due to high rates of resistance against
most commonly used antimicrobials [6, 7], and
are designated by the World Health Organiza-
tion as the highest ‘critical’ priority in need of
new therapeutic options to counteract growing
resistance to available treatments [8]. Declining
effectiveness in antibiotics due to the growing
resistance means that the risk of administering
inappropriate treatment (where patients are
treated with antibiotics with little or no in vitro
activity against the causative pathogens) is ris-
ing [9, 10].

With global rates of antimicrobial resistance
dangerously high, selecting an appropriate
therapy is of paramount importance, and alter-
native agents for treating infections are sorely
needed. Inappropriate therapy in HABP/VABP
treatment has been associated with higher
mortality rates, longer in-hospital length of stay
(LOS), and increased healthcare costs [11-14].
Ceftolozane/tazobactam is a combination of a
novel antipseudomonal cephalosporin (cefto-
lozane) and a well-established p-lactamase
inhibitor (tazobactam), for treating serious
Gram-negative bacterial infections including
HABP/VABP in patients 18 years and older (FDA
approval June 2019) [12]. Ceftolozane/tazobac-
tam met all primary clinical efficacy endpoints
in a Phase III, double-blind, randomised study
(ASPECT-NP) for the treatment of vHABP and
VABP [15]. In addition, in the US sample of a
global  surveillance  database, 96%  of
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Enterobacteriaceae isolates were susceptible to
ceftolozane/tazobactam, 91% for extended-
spectrum f-lactamase producing, non-car-
bapenem-resistant Enterobacteriaceae isolates,
and 95.8% for P. aeruginosa [16, 17], indicating a
broad susceptibility profile desirable for early
treatment of HABP/VABP.

In addition to the established efficacy and
safety profile of ceftolozane/tazobactam, it
important to evaluate its economic value in
combating HABP/VABP. This study aims to
evaluate the cost-effectiveness of
ceftolozane/tazobactam versus meropenem, by
using clinical efficacy and susceptibility data in
an economic model reflective of real-world
vHABP/VABP treatment scenarios.

METHODS

Model Overview

A cost-effectiveness model was created, com-
prising a short-term decision tree (depicting the
period from HABP/VABP onset up to hospital
discharge), and a long-term Markov component
(projecting long-term outcomes after hospital
discharge). The decision tree focused on
antimicrobial therapy and patient response to
therapy. Aligned with the ASPECT-NP trial
population, the model considered adult
patients with HABP/VABP and who were
admitted to the ICU and ventilated. Patient
response was classified into clinically ‘cured’,
‘not cured’, and ‘death’. Patients cured in the
decision tree moved to the long-term Markov
model.

Within the short-term decision tree, two
treatment settings were independently consid-
ered (Fig. 1): the early treatment setting and the
confirmed treatment setting. In the early treat-
ment setting (Fig. 1a), patients entering the
model were treated with ceftolozane/tazobac-
tam or meropenem prior to susceptibility profile
being available. The time taken to receive con-
firmation of antimicrobial susceptibility or
resistance was assumed to be 2 days from the
date the culture was taken, which is based on

clinical expert opinion [18]. Once test results
were available, patients followed one of the
three treatment pathways:

1. Causative pathogen(s) susceptible to early
treatment remained on that treatment. If
not cured by the early treatment, a subse-
quent treatment ensues.

2. Causative pathogen(s) susceptible to early
treatment were de-escalated to a lower-cost
alternative (more relevant to ceftolozane/ta-
zobactam, which is associated with rela-
tively high drug acquisition cost compared
with meropenem).

3. Causative pathogen(s) not susceptible to
early treatment (early inappropriate ther-
apy) were switched to an alternative
treatment.

In the confirmed treatment setting (Fig. 1b),
patients received treatment with
ceftolozane/tazobactam or meropenem when
the susceptibility profile of causative pathogen
was known by clinician (in line with ASPECT-
NP trial criteria). Patients who were alive but
uncured moved to a subsequent treatment.

Patients who did not die during hospitaliza-
tion move to the long-term Markov model
(Fig. 1c), which was designed to capture lifetime
costs and health-related quality of life. Cured
patients will die at an age- and gender-specific
rate, while uncured patients after receiving two
lines of treatment are assumed to die within a
year from index hospital admission (this
assumption was tested in scenario analysis with
alternative assumptions of 50% or 0% 1-year
mortality rate).

Model Settings

A lifetime horizon (40 years) was adopted. In
line with the Institute for Clinical and Eco-
nomic Review reference case [19], a US health-
care sector perspective was used; direct costs
incurred by third-party payers or integrated
health systems and direct health effects for
patients were therefore captured. Costs and
quality-adjusted life-years (QALYs) were dis-
counted at an annual rate of 3.00% [19].
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a Short-term model — early treatment setting

Blended switch .
Unotsuscoptite|-{ — swten | -{Bincedent Notcured |

b Short-term model - confirmed treatment setting

Blended

Not cured subsequent Not cured*

Death Death

Confirmed treatment with
ceftolozane/tazobactam or meropenem

C Long-termmodel —initial or confirmed treatment setting

Cured (enter
from decision
tree)

Not cured
(enter from
decisiontree)*

Fig. 1 Model structure diagram. *Patients who are alive but uncured at the end of the short-term decision tree are assumed

to die within a year

Treatments

The model compared ceftolozane/tazobactam
with meropenem in both the early and con-
firmed treatment settings, with a blend of sub-
sequent treatments considered. The proportion
of patients receiving each subsequent treatment
was determined by susceptibility profiles from
the Program to Assess Ceftolozane/Tazobactam
Susceptibility (PACTS) database 2011-2018
conditional on the early treatment received
[20]; the setting in which each subsequent
treatment is commonly used (de-escalation,
escalation or salvage); and, in cases of de-esca-
lation, the prices of the subsequent treatments.

Clinical Inputs

Key input parameters discussed here and after
are listed in Table 1. Clinical effectiveness for
ceftolozane/tazobactam and meropenem was
sourced directly from the ASPECT-NP trial.
Estimates of clinical effectiveness for other rel-
evant comparators included within the

economic model were searched via systematic
review. However, due to the presence of
heterogeneity and violations of the assump-
tions required to conduct scientifically robust
network-meta analysis; the efficacy and mor-
tality of these intervention were assumed to be
the same as ceftolozane/tazobactam.

Susceptibility

Pathogen-specific susceptibility data from the
US sample (n=2333) of the PACTS database
2011-2018 were used to determine the propor-
tion of patients whose infections were suscep-
tible (and not susceptible) to early treatment
(Fig. 1a), and to calculate the proportion of
patients receiving subsequent treatment(s).
Details of the PACTS analysis are provided in
Appendix Al.

Efficacy

Clinical response and all-cause mortality rates
for ceftolozane/tazobactam and meropenem
were informed by the microbiological intent-to-
treat (mITT) population of ASPECT-NP [21]. The
mlITT population consisted of all patients in the
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Table 1 Key clinical inputs

Category Input Value References
Efficacy
Response rate Ceftolozane/tazobactam 60.61% ASPECT-NP mITT population [35]
Subsequent line treatment 60.61% Assumed equal to ceftolozane/tazobactam
(following
ceftolozane/tazobactam)
De-escalation treatment 60.61%
(following

ceftolozane/tazobactam)

Switch treatment (following 28.04%

ceftolozane/tazobactam)

Meropenem 56.68%
Second-line treatment (following 60.61%
meropenem)

De-escalation treatment 56.68%

(following meropenem)

Switch treatment (following 25.29%

meropenem)
Mortality rate Ceftolozane/tazobactam 20.08%

Second-line treatment (following 20.08%

ceftolozane/tazobactam)

De-escalation treatment 20.08%
(following
ceftolozane/tazobactam)

Switch treatment (following 42.24%
ceftolozane/tazobactam)

Meropenem 25.51%

Second-line treatment (following 20.08%
meropenem)

De-escalation treatment 25.51%

following meropenem)
g p

Switch treatment (following 42.31%

meropenem)

Pathogen type and susceptibility

Distribution of major Acinetobacter 28.6%
pathogens Enterobacteriaceae 46.8%
Haemophilus 0.2%

Pseudomonas 24.4%

ASPECT-NP [35], adjusted using Raman et al. [13]

ASPECT-NP mITT population [35]

Assumed equal to ceftolozane/tazobactam

Assumed equal to meropenem

ASPECT-NP [35], adjusted using Raman et al. [13]

ASPECT-NP [35]

Assumed equal to ceftolozane/tazobactam

ASPECT-NP [35], adjusted using Siempos et al. [14]

ASPECT-NP [35]

Assumed equal to ceftolozane/tazobactam

Assumed equal to meropenem

ASPECT-NP [35], adjusted using Siempos et al. [14]

US-specific PACTS 2011-2018 [37]
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Table 1 continued

Category Input Value References
Susceptibility Proportion susceptible to carly 83.69% US-specific PACTS 2011-2018 [37]; weighted by
treatment of pathogen percentages

ceftolozane/tazobactam

Proportion susceptible to carly 78.87%

treatment Of meropenem

In-hospital LOS (days)

LOS on mechanical Cured—ceftolozane/tazobactam 1628  mlITT population in ASPECT-NP [35]
ventilation Not cured— 2395
ceftolozane/tazobactam
Death—-ceftolozane/tazobactam 11.58
Cured—meropenem 17.24
Not cured—meropenem 24.03
Death—meropenem 11.63
ICU LOS (including Cured—ceftolozane/tazobactam 2.08
ventilated ICU stay) Not cured— 0.00
ceftolozane/tazobactam
Death—-ceftolozane/tazobactam 0.58
Cured—meropenem 222
Not cured—meropenem 0.29
Death—meropenem 1.16
General ward LOS Cured—ceftolozane/tazobactam 11.34
(following ICU) Not cured— 8.84
ceftolozane/tazobactam
Death—-ceftolozane/tazobactam 1.16
Cured—meropenem 9.44
Not cured—meropenem 5.99
Death—meropenem 0.53
Resource associated with ~Additional ventilator LOS 3.41  Zilberberg et al. (2017) [23], re-distributed among settings
subsequent treatment gl U LOS 027 proportional to ASPECT-NP average LOS in each
Additional general ward LOS 1.52 erng
Resource associated with  Additional ventilator LOS 341
carly inappropriate A ddiional ICU LOS 027
therapy
Additional general ward LOS 1.52

Costs (2019 $)
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Table 1 continued

Category Input Value References

Daily drug cost Ceftolozane/tazobactam® $751.32 2019 US WAC price [24]

Second-line treatment (following $18.44
ceftolozane/tazobactam)

De-escalation treatment $61.35
(following
ceftolozane/tazobactam)

Switch treatment (following $45.47
ceftolozane/tazobactam)

Meropenem $69.45

Second-line treatment (following $19.48
meropenem)

De-escalation treatment $63.85

(following meropenem)

Switch treatment (following $40.91
meropenem)
Hospital resource, per ~ Mechanical ventilation $682544  Wunsch et al. (2010) [27]
day ICU stay (post-ventilation) $5485.87  Halpern et al. (2010) [26]
Hospital stay (post-ICU) $2395.92  Becker’s Healthcare (2013) [25]
Adverse event cost, per  Ceftolozane/tazobactam $5035.71 AHRQ HCUP [29]

treated patient Second-line treatment (following  $4394.26

ceftolozane/tazobactam)

De-escalation treatment $4404.88
(following
ceftolozane/tazobactam)

Switch treatment (following $7393.15
ceftolozane/tazobactam)

Meropenem $4791.83

Second-line treatment (following  $3757.06
meropenem)

De-escalation treatment $3207.86

(following meropenem)

Switch treatment (following $7043.91
meropenem)
Utilities
Utility value by setting ~ Patients treated in ICU 0.68  Whittington et al. (2017) [31]
Patients treated in general ward 073 Lee et al. (2010) [32]

ICU intensive care unit, LOS length of stay
* Based on the price of $125.22 per vial for 1 g/5 mg ceftolozane/tazobactam, daily cost is calculated by 2 g/1 g dose per administration
every 8 h: $125.22 x 2 x 3 = $751.32 per day. See Appendix A3 for more details
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ITT population except those who had only a
Gram-positive causative pathogen, or who were
resistant to either of the study drugs, or did not
receive any amount of a study drug. As efficacy
data are applied in the model to patients who
receive a drug with confirmed susceptibility, the
mlITT population is believed more relevant than
the ITT population.

A systematic literature review (SLR) was
conducted to identify relevant data to support
the determination of comparative clinical
effectiveness of  antimicrobials versus
ceftolozane/tazobactam. Results of the SLR were
limited and presented a number of challenges,
including, but not limited to, variation in study
design, outcome definition, assessment time-
point, geography, and baseline pathogen. Given
this variation, and the vast time span of the
evidence (2 decades) there was a concern relat-
ing to the relevance of these data when con-
sidering evolving epidemiology, and the
evolution of HABP/VABP definition and
management.

A network meta-analysis was considered;
however, due to the variability and violation of
key assumptions (homogeneity and similarity),
the decision was made to assume no difference.
This decision was considered to be conservative,
and an attempt to reflect the outcome of non-
inferiority observed within each original study,
as required by regulators. That is, clinical effec-
tiveness (cure rate and mortality) values for all
subsequent treatment options were considered
the same as ceftolozane/tazobactam, akin to an
odds ratio (OR) of 1.0.

It has been widely documented that HABP/
VABP patients receiving initial inappropriate
antibiotic treatment have higher mortality and
lower cure rate [13, 14, 22]. Therefore efficacy
penalties were applied to patients that switched
treatment after receiving first-line inappropriate
therapy, including a lower clinical cure rate (OR
0.22, [13]), and increased mortality (OR 2.92,

[14]).

In-hospital Length of Stay

Using data from the mITT population (ASPECT-
NP) the average duration of three types of hos-
pital resource use were included in the model.
These LOS inputs were considered sequentially,

following patient entry through to cure within
the model (1) being admitted to ICU with
mechanical ventilation, (2) remaining in the
ICU without ventilation, (3) moving to a gen-
eral ward.

In addition to the average LOS observed in
ASPECT-NP, a LOS penalty of 5.2 days [23] was
applied to patients who received early inap-
propriate therapy or who failed first-line treat-
ment and received a subsequent line of
treatment. The penalty reflect the study that
reported an increase in total hospital LOS due to
early inappropriate therapy among patients
with urinary tract infection, pneumonia, or
sepsis due to Enterobacterales [23]. However,
the distribution of the additional LOS among
the three aforementioned healthcare resource
types are not reported. We assumed that the
additional ventilator usage and general ward
stay is proportional to the average LOS for each
setting observed in ASPECT-NP. With this
assumption, the additional 5.2 days are redis-
tributed among the three resource types.

Adverse Events

Adverse events (AEs) associated with
ceftolozane/tazobactam and meropenem were
sourced from ASPECT-NP and included if they
were (1) treatment-related and occurred
in > 5% of patients, or (2) treatment-related and
serious. In addition to those described nephro-
toxicity, though absent in the ASPECT-NP, was
included due to potential renal toxicity associ-
ated with colistin and aminoglycosides as sub-
sequent line options. Unadjusted AE data were
sourced from the relevant clinical trials (see
Appendix A2).

Costs

Total drug costs were calculated using observed
ASPECT-NP treatment duration data, dosing
regimens, and dose-specific per pack US 2019
wholesale acquisition cost [24]. The same
treatment duration is applied across treatment
outcomes (cured, uncured, or death). Weighted
daily drug costs by treatment setting (first and
subsequent lines of treatment, de-escalation, or
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switch) are provided in Table 1 (more details in
Appendix A3).

Hospitalisation costs, including the daily
cost of the three resource types, were sourced
from the literature [25-27]. Long-term moni-
toring costs, following initial discharge, inclu-
ded a monthly outpatient visit (CPT 99213) [28]
for 80% of cured patients for 1 year. AE-related
costs were based on the 2016 Healthcare Cost
and Utilisation Project data [29]. All costs were
inflated to 2018/2019 dollars using the medical
care consumer price index [30].

Health-Related Quality of Life

Utility values were applied to patients according
to their health state (cured or uncured) and
hospital setting (ICU [31] and general ward
[32]). Disutility values associated with AEs were
sourced from the literature. The average QALY
loss per AE incidence was calculated by multi-
plying AE disutility by the average AE duration
[29]. The model assumed that the health-related
quality of life of cured patients returns to that of
the general population once they are cured; this
is based on gender and age category estimate
[33].

Analysis

Outcomes included: (1) the percentage of
patients cured and dead during the initial hos-
pitalisation, (2) total healthcare costs (including
drug acquisition, hospital resource use, long-
term monitoring, and AEs), (3) life-years and
QALYs, and (4) incremental cost-effectiveness
ratio (ICER) calculated as the difference in life-
time costs per QALY gained.

Several sensitivity analyses were carried out.
First, one-way sensitivity analysis (OWSA) was
conducted by varying individual model input
parameters in turn to its upper and lower
bounds (calculated from the 95% confidence
interval of the assigned probability distribution)
to identify key drivers of the ICER. Second, in
probabilistic sensitivity analysis (PSA), all
parameters subject to uncertainty were simul-
taneously randomly sampled from their
assigned probability distributions for 10,000

iterations. Values of input parameters tested in
the OWSA and PSA are listed in Appendix A4.
Third, scenario analyses were conducted to
explore structural uncertainty (see Appendix
AS). Scenario analyses tested infection site-
specific subgroups (ventilated HABP alone and
VABP alone), alternative ASPECT-NP efficacy
data (clinically evaluable [CE] and ITT cohort
data), as well as assumptions of the LOS penalty
for early inappropriate therapy and uncured
patients. Lastly, this study was based on previ-
ously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

RESULTS

Base Case

Summarised in Table 2 are model results from
both treatment settings. In the confirmed set-
ting use, ceftolozane/tazobactam achieved a
higher overall cure rate (72.3% vs. 67.5%,
including cure by subsequent line of treatment)
and a lower 1-year mortality rate (27.7% vs.
32.5%) vs. meropenem. Hospitalisation costs
were marginally higher for ceftolozane/ta-
zobactam, largely due to the increased number
of patients alive requiring resources. However,
on average patients treated with
ceftolozane/tazobactam  spent less time
mechanically ventilated (16.1 vs. 16.5 days)
compared with meropenem-treated patients.
Over the lifetime horizon, ceftolozane/tazobac-
tam incurred incremental costs of $7247 and
generates 0.60 additional QALYs compared to
meropenem. The corresponding ICER of
$12,126 per QALY gained is substantially below
the US WTP thresholds of $50,000 and
$150,000 typically used by the Institute for
Clinical and Economic Research [19], indicating
that ceftolozane/tazobactam may be considered
a cost-effective treatment option in the con-
firmed treatment setting.

In the early treatment setting, when com-
pared with meropenem, ceftolozane/tazobac-
tam achieved a higher proportion of patients
cured (62.7% vs. 53.9%), had a lower 1-year
mortality rate (25.9% vs. 32.3%), and reduced
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Table 2 Base case results

Ceftolozane/tazobactam

Meropenem

Confirmed setting: among ventilated HABP/VABP patients with confirmed susceptibility to ceftolozane/tazobactam or

meropenem

Efficacy

Early treatment cure rate®

Early treatment mortality rate®
Overall cure rate

Overall mortality rate”

Resource use

Mechanical ventilation days
ICU days (no ventilation)
General ward days (following ICU)
Total hospital LOS

Costs

Treatment costs

Hospital resource costs

AE costs
Monitoring costs (long-term)
Total costs

Outcomes
Life years—total
QALYS—rtotal
Incremental analysis (AC/7T—meropenem)

Incremental costs
Incremental QALYs
ICER

Early treatment setting: among ventilated HABP/VABP patients

Efficacy
First-line cure rate®
First-line mortality rate®
Overall cure rate
Overall mortality rate”
Resource use

Mechanical ventilation days

60.61%
20.08%
72.32%
27.68%

16.10
1.70
9.10
26.90

$6051
$140,994
$5673
$464
$153,182

10.89
8.93

$7247
0.60
$12,126

40.58%
12.93%
62.69%
37.31%

17.44

56.68%
25.51%
67.48%
32.52%

16.45
1.89
7.00
25.35

$547
$139,438
$5514
$436
$145,935

10.16
8.33

35.76%
11.24%
53.85%
43.15%

18.11
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Table 2 continued

Ceftolozane/tazobactam Meropenem

ICU days (no ventilation) 1.58 1.80

General ward days (following ICU) 9.08 7.06

Total hospital LOS 28.11 26.97
Costs

Treatment costs $4177 $360

Hospital resource costs $149,476 $150,417

AE costs $7888 $8140

Monitoring costs (long-term) $420 $389

Total costs $161,961 $158,546
Outcomes

Life years 9.84 8.60

QALYs 7.78 7.06
Incremental analysis

Incremental costs $3415

Incremental QALYs 0.72

ICER $4775

Totals may not sum exactly due to rounding

AE adverse event, ICER incremental cost-effectiveness ratio, JCU intensive care unit, LOS length of stay, QALYs quality-

adjusted life-years

* Mortality and clinical cure rates are based on the mITT cohort data from the ASPECT-NP trial
b Overall mortality was based on the assumption that, given severity of ventilated HABP/VABP, uncured patients would

die within 1 year

the average LOS for patients in receipt of
mechanic ventilation (17.4 vs. 18.1 days). The
higher treatment cost of ceftolozane/tazobac-
tam versus meropenem was partially offset by
savings from hospital resource use, resulting in
a total incremental cost of $3,415. Furthermore,
ceftolozane/tazobactam generated more life-
time QALYs than meropenem (0.72 increment).
Consistent with the findings in the confirmed
treatment setting, the ICER in the early treat-
ment setting was $4775 per QALY gained. This
suggests that ceftolozane/tazobactam may have
the potential to be even more cost-effective
when used in the early treatment compared
with the confirmed treatment.

Sensitivity Analysis

The OWSA results (Fig. 2) indicate that, in both
the early and confirmed treatment settings, the
most influential parameters are the numbers of
days spent on: mechanical ventilation, the ICU
ward, and the general ward. This was expected
given that hospital LOS directly affects resource
use costs in the short-term model, where most
costs are incurred.

The cost-effectiveness acceptability curves
from PSA (Fig. 3) show the likelihood that each
treatment is a cost-effective option at various
WTP thresholds (calculated based on the out-
comes of each PSA iteration). In the both
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a Confirmed Setting

Base | Lower | Upper

Parameter Case | Bound | Bound

Ventilator days -
ceftolozane/tazobactam - cured
Ventilator days - meropenem -
cured

ICU days -
ceftolozane/tazobactam - cured

ICU days - meropenem - cured | 19.46 | 0.00 40.43

16.28 | 0.00 4574

17.24 | 0.00 46.84

18.36 | 0.00 42.33

Hospital stay days -
ceftolozane/tazobactam - cured
Hospital stay days -
meropenem - cured

Ventilator days - meropenem -
dead

Ventilator days -
ceftolozane/tazobactam - dead

ICU days - meropenem - dead 24.03 0.00 31.29

29.70 | 6.10 53.34

2890 | 6.01 50.89

11.63 | 0.00 32.16

11.58 | 0.00 32.10

ICU days - meropenem - dead 12.79 | 0.00 33.41

~$300, 009 ~8200. 009 ‘$700: 009

) s, s
S0 * 190,005 “2%0.005 9000,

o Lower bound

Upper bound

b Early treatment setting

Base | Lower | Upper

Parameter Case | Bound | Bound

Ventilator days -
ceftolozane/tazobactam - cured
Ventilator days - meropenem -
cured

ICU days -
ceftolozane/tazobactam - cured

ICU days - meropenem - cured | 19.46 | 0.00 42.33

16.28 | 0.00 45.74

17.24 | 0.00 46.84

18.36 | 0.00 41.39

Hospital stay days -
ceftolozane/tazobactam - cured
Hospital stay days -
meropenem - cured

Ventilator days - meropenem - 1163 0.00
dead

Ventilator days -
ceftolozane/tazobactam - dead
Ventilator days - meropenem -
not cured

29.70 | 6.57 52.83

2890 | 6.50 51.30

27.33

11.58 | 0.00 25.99

24.03 | 0.00 53.88

ICU days - meropenem - dead 1279 | 0.00 27.04

~$300. 000 ~$200. 000 ¥ 10Q 000

O Lower bound

Upper bound

Fig. 2 OWSA—Tornado diagrams—ceftolozane/tazobactam versus meropenem—ICERs. ICU intensive care unit

treatment settings, within the WTP range of
$50,000-$150,000  (per QALY  gained),
ceftolozane/tazobactam is considered substan-
tially more likely to be the cost-effective treat-
ment option compared with meropenem. The
cost effectiveness of ceftolozane/tazobactam
versus meropenem was maintained in scenario
analyses for a number structural model changes
(results presented in Appendix AS). However,

ceftolozane/tazobactam was not shown to be
cost-effective in the confirmed treatment set-
ting among a subgroup of patients with VABP.

DISCUSSION

Due to increasing levels of resistance and an
over reliance of standard-of-care regimens,
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a confirmed treatment
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Fig. 3 Cost-effectiveness acceptability curves. WTP willingness-to-pay

Gram-negative bacterial infections are recog-
nised as a global threat. HABP/VABP patients are
often critically ill and benefit from appropriate
early treatment. The acquisition cost of novel
antimicrobials is often higher the standard-of-
care. However, it is important to evaluate the
overall cost of managing an infection before
making judgements of value. This is the first
study to examine the cost-effectiveness of
ceftolozane/tazobactam for the treatment of
ventilated vHABP/VABP. In addition to efficacy
data derived from the ASPECT NP phase III trial,
this study also incorporated real-world esti-
mates of susceptibility and antimicrobial treat-
ment management; including subsequent lines
of therapy or salvage treatment, following first-
line treatment failure.

Our model examined two real-world scenar-
ios for the use of ceftolozane/tazobactam in the
early treatment of high-risk patients before their
susceptibility profile is known, and the con-
firmed treatment for patients with confirmed
susceptibility. Findings from both treatment
settings were consistent, indicating that
ceftolozane/tazobactam, compared to mer-
openem, cures more patients, reduces short-
term mortality, and reduces the average LOS in
the ICU and the duration of mechanical venti-
lation. These benefits, despite increased drug
costs, demonstrate that ceftolozane/tazobactam
has the potential to be cost-effective in both
treatment settings.

Ventilated HABP and VABP are associated
with a high mortality rate and heavy healthcare
resource needs. Our study suggests that treat-
ment with ceftolozane/tazobactam among
patients with confirmed susceptibility could
benefit from a reduction in the mortality rate by
15% (or 27.7-32.5% = — 4.8 absolute percent-
age points), compared to meropenem, with
almost unchanged hospital resource needs per
patient (confirmed setting: $140,994
ceftolozane/tazobactam vs. $139,438 mer-
openem, or 1.1% difference; early setting:
$149,476 ceftolozane/tazobactam vs. $150,417
meropenem, or — 0.6% difference). This result
suggests that ceftolozane/tazobactam could
potentially achieve better health outcomes
without unduly adding to the heavy economic
burden of HABP/VABP treatment in the US [34].

While ceftolozane/tazobactam is a cost-ef-
fective treatment option in the confirmed
treatment setting, our model also suggests that
there could be additional health benefits from
utilising ceftolozane/tazobactam earlier in the
treatment (4.8% less mortality in the confirmed
setting vs. 5.8% in early treatment). This is
because ceftolozane/tazobactam has the poten-
tial to reduce the proportion of patients expe-
riencing a poor clinical response, higher
mortality, and longer in-hospital LOS as a result
of inappropriate or resistant initial therapies,
due to its broader susceptibility profile (83.7%
susceptible) compared with meropenem
(78.9%). In addition, the susceptibility data was
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derived from the US cohort of ICU-admitted
respiratory infection patients, instead of the
selective sample at a high risk of carbapenem
resistance. Therefore, the susceptibility differ-
ence may not reflect that in the patients with
suspected resistance to existing treatment
options that ceftolozane/tazobactam targets.
Therefore, it is reasonable to expect that real-
world early treatment use of ceftolozane/ta-
zobactam could generate health and economic
benefits to a larger extent than demonstrated in
this study.

As with all HCRU studies, several limitations
are present. To begin with, the demographic,
safety, and efficacy data were taken directly
from the ASPECT-NP trial population, which is
comprised of severely ill patients that are 100%
ventilated [35]; therefore, the results may not be
generalisable to HABP/VABP patients overall,
especially non-ventilated HABP patients inclu-
ded in the labelled indication. Secondly, the
susceptibility data, derived from a US sub-sam-
ple of a global surveillance database, may not
fully align with local hospital epidemiology;
which has been shown to play a major role in
selection and outcome of antimicrobial therapy
based on pathogen distribution and resistance
profiles. Thirdly, the model assumes that
patients who are alive but not cured die within a
year. In clinical practice, additional lines of
therapy and combination therapy could be
added to patients’ therapeutic regimen. Lastly,
our assessment of cost-effectiveness of
ceftolozane/tazobactam is limited to direct
benefits borne by treated patients. This study
does not consider the potential additional value
of ceftolozane/tazobactam as a novel agent, i.e.
the ability to slow the development of resis-
tance, reduce the spread of infection, and the
enablement of antibiotic sparing and diversifi-
cation of prescribing patterns [36].

CONCLUSIONS

The results of this analysis indicate that
ceftolozane/tazobactam when used in either the
early or confirmed treatment setting for
patients with vHABP/HABP is a cost-effective
option in the US. This finding when considered

in the context of good antimicrobial steward-
ship should prove valuable to decision-makers
and clinicians when selecting an appropriate
antimicrobial therapy for patients who present
with vHABP/VABP.
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