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Cost-effectiveness analysis of CTZ/TAZ ey

for the treatment of ventilated hospital-acquired
bacterial pneumonia and ventilator-associated
bacterial pneumonia in Japan
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Abstract

Background Resistant bacterial infections, particularly those caused by gram-negative pathogens, are associated
with high mortality and economic burdens. Ceftolozane/tazobactam demonstrated efficacy comparable to merope-
nem in patients with ventilated hospital-acquired bacterial pneumonia in the ASPECT-NP study. One cost-effective-
ness analysis in the United States revealed that ceftolozane/tazobactam was cost effective, but no Japanese studies
have been conducted. Therefore, the objective of this study was to assess the cost-effectiveness of ceftolozane/
tazobactam compared to meropenem for patients with ventilated hospital-acquired bacterial pneumonia/ventilator-
associated bacterial pneumonia from a health care payer perspective.

Methods A hybrid decision-tree Markov decision-analytic model with a 5-year time horizon were developed

to estimate costs and quality-adjusted life-years and to calculate the incremental cost-effectiveness ratio associated
with ceftolozane/tazobactam and meropenem in the treatment of patients with ventilated hospital-acquired bacterial
pneumonia/ventilator-associated bacterial pneumonia. Clinical outcomes were based on the ASPECT-NP study, costs
were based on the national fee schedule of 2022, and utilities were based on published data. One-way sensitivity
analysis and probabilistic sensitivity analysis were also conducted to assess the robustness of our modeled estimates.

Results According to our base-case analysis, compared with meropenem, ceftolozane/tazobactam increased

the total costs by 424,731.22 yen (£2,626.96) and increased the quality-adjusted life-years by 0.17, resulting in an incre-
mental cost-effectiveness ratio of 2,548,738 yen (£15,763.94) per quality-adjusted life-year gained for ceftolozane/
tazobactam compared with meropenem. One-way sensitivity analysis showed that although the incremental cost-
effectiveness ratio remained below 5,000,000 yen (£30,925) for most of the parameters, the incremental net monetary
benefit may have been less than 0 depending on the treatment efficacy outcome, especially the cure rate and mortal-
ity rate for MEPM and mortality rate for CTZ/TAZ. 53.4% of the PSA simulations demonstrated that CTZ/TAZ was more
cost-effective than MEPM was.

Conclusion Although incremental cost-effectiveness ratio was below ¥ 5,000,000 in base-case analysis, whether cef-
tolozane/tazobactam is a cost-effective alternative to meropenem for ventilated hospital-acquired bacterial pneu-
monia/ventilator-associated bacterial pneumonia in Japan remains uncertain. Future research should examine
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the unobserved heterogeneity across patient subgroups and decision-making settings, to characterise decision
uncertainty and its consequences so as to assess whether additional research is required.

Keywords Ceftolozane/tazobactam, Meropenem, Ventilated-hospital-acquired bacterial pneumonia/ventilator-

associated bacterial pneumonia, Cost-effectiveness analysis

Introduction

Background Information

Health care-associated infection (HAI) is an infec-
tion caused in health care facilities, and many cases are
caused by antibiotic-resistant bacteria [1]. HAI has high
impacts on morbidity, mortality, and economic burden.
In particular, antibiotic-resistant gram-negative bacteria,
such as 3rd generation cephalosporin-resistant (3GCR)
Enterobacterales, carbapenem-resistant Enterobacterales
(CRE), and carbapenem-resistant Pseudomonas aerugi-
nosa, are high threats. These are the priority pathogens
that require regulatory and development actions due to
their high mortality rates and significant threat to public
health [1].

The emergence of antibiotic-resistant bacteria has been
a serious problem worldwide [2, 3]. In Japan, the preva-
lence of 3GCR gram-negative bacteria has been increas-
ing annually; in 2017, the resistance rate was 17.4% for
E. coli and 6.1% for K. pneumoniae. There were 2,333
patients with CRE infection in 2019, and this number has
been increasing since 2014. These values are lower than
those in Europe and the United States but are likely to
increase further in the future [4].

Resistant bacterial infections are associated with high
mortality. One meta-analysis showed that patients with
3GCR E. coli infections had significantly greater odds of
30-day mortality (sOR 2.02, 95% CI [1.66—-2.46], p <0.001)
and all-cause mortality (sOR 2.27, 95% CI [1.92-2.70],
p<0.001) than patients with susceptible bacterial infec-
tions did, based on random effect meta-analysis [5].
Another meta-analysis also showed that the associa-
tion between CRE infection and mortality rate was 2.85
(adjusted OR, 95% CI [1.88—4.30]) [6].

Additionally, economic and patient burdens are prob-
lematic. A report from the Centers for Disease Control
and Prevention (CDC) estimated that in 2017, the attrib-
utable health care costs were 1.2 billion dollars (973 mil-
lion pounds, from the annual average exchange rates in
2022) for 3GCR gram-negative bacterial infection and
130 million dollars (105 million pounds) for CRE infec-
tion in the United States [7]. This difference was mainly
influenced by the length of stay (LOS). One retrospec-
tive cohort study reported that, compared with suscep-
tible infection, 3GCR gram-negative bacterial infection
was associated with 1.58 (95% CI; [0.84—2.31]) more
days of stay [8]. This study additionally reported that the

additional treatment cost per patient was 420 pounds,
366,600 pounds per year. Another study reported that the
cost of a single CRE infection was $29,157 (£23,646) from
hospital charges for additional length of stay, $15,647
(£12,690) from third-party payers for hospitalization,
drug treatment, etc., and $58,692-$86,940 (£47,599-
£70,508) from social perspectives for production losses
[9].

In Japan, treatment of severe resistant bacterial infec-
tions has centered on carbapenems, and carbapenem is
the last resort for the treatment of bacterial infections
[10]. However, the emergence of carbapenem-resistant
bacteria due to the increased use of carbapenems has
been a concern. The recommended treatment approach
is to de-escalate to narrow-range antimicrobial agents
that can cover the causative organisms on the basis of
susceptibility results. By preventing the overuse of car-
bapenems, the emergence of resistant pathogens can be
suppressed.

As a new treatment option, ceftolozane/tazobactam
(CTZ/TAZ) was approved in Japan in 2019. This drug
combines ceftolozane, a beta-lactam, with tazobactam,
a beta-lactamase inhibitor, to treat infections caused by
beta-lactamase-resistant bacteria [11] and has attracted
increased amounts of attention as a means of preserving
carbapenems.

All phase III clinical studies for complicated urinary
tract infection (cUTI), complicated intra-abdominal
infection (cIAI), and ventilated hospital-acquired bac-
terial infection/ventilator-associated bacterial infec-
tion (vHABP/VABP) demonstrated that CTZ/TAZ was
noninferior to and equally safe as the standard of care
[12-14]. Additionally, an in vitro study showed that the
development of CTZ/TAZ resistance in P aeruginosa
was much slower than that of ceftazidime, meropenem,
and ciprofloxacin [15]. P aeruginosa developed resistance
to meropenem, ceftazidime, and ciprofloxacin within 4 to
6 days, but did not develop resistance to CTZ/TAZ after
14 days.

In a clinical guideline, the use of CTZ/TAZ was recom-
mended for patients with severe infections or when there
was difficulty treating multidrug-resistant P aeruginosa
[16, 17].

One paper from the United States [18] found CTZ/TAZ
to be cost effective for vHABP/VABP; however, there has
been no CEA in a Japanese clinical setting. Some of the
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values from the U.S. paper were applied in this paper, but
given the differences between Japan and the U.S. in terms
of medical insurance system, medical cost, and willing-
ness to pay thresholds, new results might emerge when
assessing cost-effectiveness in Japan.

Objectives
The objective of this study was to assess the cost-effec-
tiveness of CTZ/TAZ compared with MEPM for patients
with severe resistant bacterial infections, especially
vHABP and VABP, since it is one of the most common
HAIs and a major cause of death among Japanese people.
The hypothesis of this study was that CTZ/TAZ would
be a more cost-effective treatment than MEPM for
patients with vHABP/VABP. We believe that the pre-
sent results will provide one consideration when choos-
ing antibiotics by examining whether CTZ/TAZ is not
only an effective treatment but also a desirable treatment
option economically.

Methods

Model population

The study population consisted of the microbiological
intention-to-treat (mITT) population in the ASPECT-
NP study [14], which consisted of adult patients (18 years
or older) with vHABP/VABP who were admitted to the
intensive care unit (ICU) and had at least one gram-
negative bacterial respiratory pathogen isolated from the
baseline culture that was susceptible to CTZ/TAZ and
MEPM. We considered the mITT population to be more
relevant than the intention-to-treat population because
in actual medical settings, CTZ/TAZ is used after
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susceptibility testing results are confirmed with gram-
negative bacteria.

Model structure

Based on a previously published US model and other
studies [18—-20], a hybrid decision-tree Markov decision-
analytic model were developed in TreeAge Pro Health
care 2022 (TreeAge Software, Inc., Williamstown, MA)
for the treatment pathway in which vHABP/VABP
patients receive CTZ/TAZ or MEPM (Fig. 1). The MEPM
was chosen as a comparator since it is a standard treat-
ment option according to Japanese guidelines and was
used as a comparator in the ASPECT-NP study [10].

The decision tree focused on antibacterial therapy
and patient response. Patient response was classified as
“cured” or “not cured” Patients entering the model were
first treated with 2 g of CTZ, 1 g of TAZ or 1 g of MEPM
every 8 h for 8-14 days. Cured patients were discharged
or transferred to the general ward. Based on the results
of the ASPECT-NP study, 50.6% of the cured patients in
the CTZTAZ group and 56.7% in the MEPM group were
discharged. Patients transferred to the general ward were
assumed to be discharged afterward. Patients who were
not cured either died or were removed from second-line
treatment. In the second-line treatment, patients were
treated with 200 mg of amikacin (AMK) every 12 h for
7 days in addition to the drugs used in the first-line treat-
ment. Cured patients were discharged or transferred to a
general ward as in the first-line treatment. Patients who
were not cured were assumed to have died or to be con-
tinuously admitted to the ICU. These settings were based
on the substudy of the ASPECT-NP study [21].

Recovered

Ward 1month

Discharged

1st treatment
CTZ/TAZ

2nd treatment
vHABP/VABP
+AMK

1st treatment Same tree
MEPM structure-clone

Fig. 1 Patient flow chart

Discharged |——— Home
Recovered |—— Ward 1 month
Remain ICU
Die
1 month
Not cured
Die
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A 5-year time horizon was adopted. This finding was
consistent with those of other similar studies [19, 20].
The analysis was conducted from the health care payer
perspective and considered direct medical costs only;
costs and quality-adjusted life-years (QALYs) were dis-
counted at an annual rate of 2.0%, according to the Japa-
nese guidelines [22].

Model inputs and data sources
Clinical inputs
The key clinical input parameters are listed in Table 1.

Efficacy Clinical efficacy and all-cause mortality
rates for CTZ/TAZ and MEPM were sourced from the
ASPECT-NP study. For second-line treatment, patients
were treated with first-line treatment plus AMK, based
on the JAID/JSC Guide to Clinical Management of Infec-
tious Diseases 2019 [10] and an expert opinion. Since
there were no publications on the efficacy of AMK when
administered in combination with first-line treatment,
the efficacy of the second-line treatment was assumed to
be equivalent to that of the first-line treatment. To take
into account the additional burden of failure in the first-
line treatment, the clinical efficacy of the second-line
treatment would be reduced by 10%, and the mortal-
ity rate would be increased by 20% on the basis of other
studies [19, 24]. The mortality rate for patients who were
cured by the treatment and transferred from the ICU to
a general ward was set at 7.6% in accordance with the lit-
erature [25]. When people were discharged home, it was
assumed that they died at Japan's natural mortality rate.
The age-dependent mortality rate was obtained from the
life table reported by the Ministry of Health, Labour, and
Welfare in Japan [26].

ICU length of stay and long-term treatment The
length of stay (LOS) in the ICU for first-line treatment
was 28 days and 24 days for the CTZ/TAZ and MEPM
groups, respectively, from the ASPECT-NP study [21].
Patients cured by this treatment were discharged after
treatment was completed, and those who recovered and
were transferred to the general ward were assumed to be
discharged after one month. Patients who moved to the
second-line treatment were assumed to have an addi-
tional 21 days of ICU admission for the second-line treat-
ment. Patients who were not cured by second-line treat-
ment were assumed to die after one month. These criteria
were established based on the literature [27, 28].

Adverse events AEs associated with CTZ/TAZ and
MEPM were sourced from the ASPECT-NP study and
included 2-3 AEs, which are considered fatal, expensive
to treat, and associated with a higher incidence rate. AEs
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Table 1 Key clinical inputs
Efficacy (%) Value Lower Upper Source
Clinical cure (1°Y) of CTZ/TAZ 60.7 61.0 720 [14,21]
Clinical cure (1Y) of MEPM 57.1 490 75.0
Mortality (1% of CTZ/TAZ 20.1 20.0 31.0
Mortality (1°) of MEPM 255 120 280
Clinical cure 2" of CTZ/TAZ 56.8 57.1 69.2
Clinical cure 2" of MEPM 528 439 725
Mortality (2"%) of CTZ/TAZ 241 240 372
Mortality (2"%) of MEPM 306 144 336
Administration duration (Day)
1*“line treatment of CTZ/TAZ 8 7.64 836 [18]
1°“line treatment of MEPM 823 7.86 86
2"_line treatment of CTZ/TAZ 7 4 10 [10]
2"%line treatment of MEPM 7 4 10
ICU LOS (day)
1*“line treatment of CTZ/TAZ 280 16 28 [21]
1°“line treatment of MEPM 24.0 15 28
2" Jine treatment of CTZ/TAZ 21.0 20 23
2"%-Jine treatment of MEPM 210 20 23
Mechanical ventilation duration (Day)
1*“line treatment of CTZ/TAZ 12 5 28 [21]
1°“line treatment of MEPM 13 6 28
2"dJine treatment of CTZ/TAZ 12 5 28
2"%line treatment of MEPM 12 5 28
Adverse Event rate (%)
Septic shock of CTZ/TAZ 36 [14]
Multiorgan failure of CTZ/TAZ 39
Acute cardiac failure of CTZ/TAZ 2.5
Septic shock of MEPM 47
Multiorgan failure of MEPM 28
Acute cardiac failure of MEPM 2.2
Acute renal failure of AMK 6.0 0.0 276 23]

CTZ/TAZ Ceftolozane/Tazobactam, MEPM Meropenem, AMK Amikacin, LOS
length of stay, ICU Intensive Care Unit

associated with AMK were sourced from the literature
[23].

Utility inputs

Given that utility values were not obtained from the
ASPECT-NP study, the utility of pneumonia patients
who were on a ventilator and admitted to the ICU was
sourced from a literature search. These values are listed
in Table 2. The disutility of AEs was omitted because
the disutility was very small and the frequency of AEs
was low, and consequently, the effect on the results was
very small.
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Table 2 Key cost and utility inputs
Cost (Yen) Frequency Value Lower Upper Source
Drug cost
CTZ/TAZ Daily 36,414 [29]
MEPM Daily 2,589
AMK Daily 714
Hospital resource
Mechanical ventilation Daily 9,500 [30]
(-Day 14)
Daily 8,150
(Day 15-)
Adverse event cost
Septic shock Per event 504,885 740,757 [10, 14, 29-33]
Multiorgan failure Per event 504,885 740,757
Acute cardiac failure Per event 182,758 189,860
Acute renal failure Per event 94,800
Utility Value Lower Upper Source
Hospitalization with ventilator in ICU -0.39 -0.402 03 [34]
Cured and discharged 0.8 0.66 1.0
Recovered in general ward 0.77 043 0.82 [35, 36]

CTZ/TAZ ceftolozane/tazobactam, MEPM Meropenem, AMK Amikacin, ICU Intensive Care Unit

Cost inputs

Drug costs were calculated using the ASPECT-NP
study data, dosing regimens, and Japanese medical
service fees applied in 2022 [30]. The same duration
of drug administration was applied to both cured and
not cured patients. Hospitalization costs were sourced
from the national fee schedule. The cost of treating AEs
was established based on established guidelines (The
JAID/JSC Guide to Clinical Management of Infectious
Diseases 2019, The Japanese Guidelines for the Man-
agement of Sepsis 2012, and Guidelines for Diagnosis
and Treatment of Acute and Chronic Heart Failure
2017) and expert opinion on the treatment details [10,
31, 32], and the treatment cost was calculated based
on the national fee schedule, frequency of AEs in the
ASPECT-NP study and the literature. These are listed
in Table 2.

Analysis

The model compared the cost-effectiveness of CTZ/
TAZ versus MEPM from a health care payer perspec-
tive, considering only direct medical costs.

The primary outcome was the incremental cost per
QALY gained. The outcomes included clinical outcome,
total health care cost, and QALYs.

A willingness-to-pay threshold of 5,000,000 yen
(£30,925) per QALY was used to implement the incre-
mental cost-effectiveness ratio (ICER) according to the
cost-effectiveness evaluation scheme in Japan.

One-way sensitivity analysis (OWSA) was conducted
to test the uncertainty of the model input parameters
by varying the model input parameters. We conducted
a literature review and identified the maximum and
minimum parameters. For the clinical cure rate and
mortality rate, we conducted a meta-analysis, calcu-
lated the 95% Cls and used them as the maximum and
minimum parameters. The discount rate was analyzed
in the range of 0-4%.

Probabilistic sensitivity analysis (PSA) assigned dis-
tributions to each parameter and ran 1,000 simulations
to assess the robustness of our modeled estimates. The
parameters and distributions are listed in Appendix 1.

Results

Base case results

The base case results are shown in Table 3. Over a 5-year
time horizon, the total incremental costs of CTZ/TAZ
were 424,731.22 Yen (£2,626) and 2,955,300.18 Yen
(£18,278) for CTZ/TAZ vs. 2,530,568.97 Yen (£15,651)

Table 3 Base case results

Treatment Total Incremental ICER (Cost/
QALY)

Costs (Yen) QALYs Costs(Yen) QALYs

MEPM 2,530,56897 218
CTZ/TAZ 2,955,300.18 235 424,731.22  0.17 2,548,738

CTZ/TAZ ceftolozane/tazobactam, MEPM Meropenem, QALYs Quality adjusted life
years, ICER Incremental cost-effectiveness ratio
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for MEPM, and the incremental QALYs were 0.17 and
2.35 for CTZ/TAZ vs. 2.18 for MEPM. The ICER for
CTZ/TAZ compared to MEPM was 2,548,738 Yen
(£15,763) per QALY gained. The corresponding ICER
of 2,548,738 Yen (£15,763) per QALY gained is substan-
tially below the threshold of 5,000,000 Yen (£30,925),

Table 4 Breakdown of the base-case results

CTZ/TAZ MEPM
Clinical outcomes (%)
Cure rate (1) 60.6 57.1
Cure rate (2" 56.8 528
Mortality rate (1°V 20.1 255
Mortality rate (2" 24.1 306
AE rate (Septic shock) 36 47
AE rate (Multiorgan failure) 39 28
AE rate (Cardiac failure acute) 25 22
AMK related AE rate (Acute renal failure) 6 6
QALYs 235 218
Cost estimates (Yen)
Drug (1% 291,312 21,307.47
Drug (2" 259,896 23,121
Hospitalization (1) 2,136,960 2,063,280
Hospitalization (2"%) 350,340 358,020
Mechanical ventilation (1% 114,000 123,500
Mechanical ventilation (2"9) 97,800 97,800
AE treatment (1%) 4243533 41,887.05
AE treatment (2" 48,123.33 47,575.05
Long-term care in ICU 495,000 495,000
Long-term care in ward 495,000 495,000

CTZ/TAZ ceftolozane/tazobactam, MEPM Meropenem, AMK Amikacin, AE
Adverse event, QALYs Quality adjusted life years, ICU Intensive Care Unit
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indicating that CTZ/TAZ may be considered a cost-effec-
tive treatment option.

The results revealed incremental benefits of CTZ/
TAZ compared with MEPM in terms of an increase
in the cure rate; 60.6% vs. 57.1% for the first-line treat-
ment; 56.8% vs. 52.8% for the second-line treatment; and
a decrease in the mortality rate—20.5% vs. 25.5% for the
first-line treatment and 24.1% vs. 30.6% for the second-
line treatment (Table 4). The breakdown cost results
showed that the drug costs were as follows: 291,312 yen
(£1,801) vs. 21,307.4 yen 7 (£131) for the first-line treat-
ment and 259,896 yen (£1,607) vs. 23,121 yen (£143) for
the second-line treatment. Although CTZ/TAZ is more
expensive than MEPM, the greater cure rate saves hospi-
talization and resource costs, partially offsetting the cost
difference.

For QALYs, CTZ/TAZ had a gain of 0.17 QALYs over
5 years, with a higher cure rate and lower mortality than
MEPM.

OWSA results

OWSA was used to test uncertainty in the base-case
ICER based on the upper and lower bounds of model
inputs in a tornado diagram. Figure 2 shows the change
in the incremental net monetary benefit (INMB) across
the 15 most influential parameters. The INMB results
were most influential on the cure rate of MEPM when
applied as a first-line treatment. The results also showed
that mortality rate and hospital resource costs had a rela-
tive impact on INMB. It was found that the INMB may be
less than 0 depending on the treatment efficacy outcome,
especially the cure rate and mortality rate for MEPM and
mortality rate for CTZ/TAZ.

Cure rate for 1% treatment (MEPM)

0.603 Cure rate for 1% treatment (CTZ/TAZ)
Mortality rate for 1% treatment (MEPM)
049 Mortality rate for 1t treatment (CTZ/TAZ)
: === Cure rate for 2™ treatment (MEPM)
0677 = Cure rate for 2" treatment (CTZ/TAZ)
e Natural death
=== Utility of cured patient
S Hospitalization cost in ICU (CTZ/TAZ)
_— Ventilation days (CTZ/TAZ)
— Ventilation days (MEPM
= Hospitalization cost in ICU (MEPM)
u Hospitalization cost in ward
] Mortality rate for 2" treatment (MEPM)
[} ini i
EV- 408487.42 Administration days (CTZ/TAZ)
: : i : i ' : : |
X § § OX X X X § X
& & & & © & & & &
O S O O S S N N
> &S S & S S & >
v N N : N N v

Incremental NMB
Fig. 2 OWSA (Tornado diagram) for CTZ/TAZ versus MEPM

CTZ/TAZ = ceftolozane/tazobactam, MEPM =Meropenem, ICU =Intensive Care Unit, AE=Adverse Events
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PSA results
For the PSA, the incremental cost and incremen-

tal effectiveness at the simulation points are plot-
ted in Fig. 3. The PSA results revealed that more
than half (53.4%) of the plots were located in the area
where the ICER was less than 5,000,000 yen (£30,925)
(Table 5). The cost-effectiveness acceptability curves
for PSA showed that within the WTP of 5,000,000 yen
(£30,925), CTZ/TAZ is considered more likely to be
cost effective (Fig. 4). However, since the probability is
almost half, it is controversial whether CTZ/TAZ is a
cost-effective treatment. Additionally, how increasing
the WTP threshold from £30,925 would not signifi-
cantly change the probability of the new intervention
being costeffective, remaining below 60% with values

three times higher.
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Table 5 Probability of PSA for CTZ/TAZ versus MEPM
Optimal (%)

Strategy
CTZ/TAZ 533
MEPM 46.7

CTZ/TAZ ceftolozane/tazobactam, MEPM Meropenem, PSA Probabilistic
sensitivity analysis

Discussion
The emergence of resistant bacteria has led to an

increased reliance on carbapenems for severe infec-
tions, and this reliance has led to increased CRE. CTZ/
TAZ was recently approved in Japan for the treatment
of severe infections caused by B-lactamase-producing
resistant bacteria and is one way to prevent increased
use of carbapenems. Although CTZ/TAZ is more
expensive than MEPM, the selection of a therapeutic

ICE Scatterplot, CTZ/TAZ v. MEPM
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CE Acceptability Curve
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Fig. 4 Acceptability curve for CTZ/TAZ versus MEPM
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option should take into account the efficacy of the drug
and the cost of hospitalization and resource use.

In this study, a model was developed in which CTZ/
TAZ or MEPM was used as the first-line treatment and
AMK was added as a second-line treatment.

The results showed that the incremental QALYs were
0.17 and that the incremental costs were 424,731.22 yen
(£2,626), resulting in an ICER of 2,548,738 vyen
(£15,763) per QALY gained compared with that of
the MEPM, which was well below the threshold of
5,000,000 yen (£30,925) per QALY. In addition, the
OWSA resulted in an ICER below 5,000,000 yen
(£30,925) for most of the parameters. We found that
the INMB is less than 0 when the cure rate of MEPM is
above a certain value, when the mortality rate of MEPM
is less than a certain value, or when the mortality rate
of CTZ/TAZ is less than a certain value. Therefore,
CTZ/TAZ is considered to be a treatment option when
MEPM is not expected to be effective. More than half
(53.4%) of the PSA simulations revealed that CTZ/TAZ
was more cost-effective than MEPM was. However, this
result also means that there is a 46% probability that
the MEPM is cost-effective, and Fig. 4 indicates that the
probability of cost-effectiveness of CTZ/TAZ does not
increase significantly as the willingness-to-pay thresh-
old increases. Therefore, the PSA test result indicates
that, in some cases, CTZ/TAZ may not be a cost-effec-
tive option.

The ASPECT-NP study showed that CTZ/TAZ has
greater efficacy than does the MEPM, and the ICER of

the base case was less than the WTP; thus, CTZ/TAZ
can be a treatment option for vVHABP/VABP in Japan.

This is the first study to evaluate the CEA level in the
CTZ/TAZ region for vHABP/VABP in Japan. Previously
published papers in the US have shown CTZ/TAZ to
be cost effective. In our study, we followed the design of
several previous studies and made some modifications.
Patient flow was developed based on previous studies.
Model inputs were obtained from the ASPECT-NP study
[14], clinical trials with similar patient characteristics,
observational studies, similar CEA articles, expert opin-
ions, and local databases. Some assumptions were made
regarding the lack of data. These approaches were similar
to those used in other CEA studies.

In contrast, the model in this study was modified to
be more similar to that used in actual clinical practice.
We included the flow of patients after completing anti-
microbial therapy. In addition, we used a different time
horizon from that used in the previous US study since a
5-year time horizon was sufficient to cover the episode
of the infection and its long-term impact. Moreover, the
baseline utility for VHABP/VABP patients was modi-
fied. Although the utility for patients with MRSA dur-
ing and after ICU admission was examined in a previous
US study [18], in this study, utility values were sourced
from articles that defined pneumonia patients treated
with a ventilator in the ICU. For cost inputs, since this is
the CEA from the health care payer perspective, all costs
were calculated using the national fee schedule in 2022
[29, 30].
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Even in light of the modifications described above, this
study revealed that CTZ/TAZ was cost effective.

Limitations

This study has several limitations. First, the patient
demographic, safety, and efficacy data were taken directly
from the ASPECT-NP study population, which included
severely ill patients who used mechanical ventilation and
had at least one gram-negative pathogen; therefore, the
results may not be generalizable to HABP/VABP patients
overall. Additionally, the use of bacterial pathogens may
not be generalizable to overall HABP/VABP patients in
Japan. However, since the data from the ASPECT-NP
study showed no domestic or international differences
in the health care environment or in the susceptibility
of each causative pathogen to CTZ/TAZ and no ethnic
differences in PK between Japanese and non-Japanese
individuals, we believe that the results of this study are
at least applicable to Japanese patients with HABP/VABP
caused by gram-negative pathogens [37].

Second, several assumptions were applied in this study
due to the lack of data. Specifically, it was assumed that
patients who recovered from this treatment were trans-
ferred to the general ward and discharged after one
month, and patients who could not be cured during sec-
ondary treatment died after one month. This approach is
based on the literature. In addition, efficacy data for the
second-line treatment were also obtained from similar
CEA reports, as no data were available. In fact, second-
line treatment may not be first-line treatment+AMK
but may be selected based on the susceptibility test-
ing results. However, for the purpose of setting up the
model, we chose AMK. The 2019 JAID/JSC Guide to
Clinical Management of Infectious Diseases also states
that AMK is the second-line treatment for multidrug-
resistant bacterial infection, and this recommendation
has been endorsed by an expert. In addition, if a sec-
ond-line drug is selected based on the sensitivity testing
results, a higher efficacy is expected, and the ICER can be
decreased because of the lower cost of treatment. There-
fore, this analysis is considered conservative, and the
conclusion is that CTZ/TAZ is still cost effective.

Third, to keep the model simple, a few factors were not
included in the model. The rate of susceptibility to CTZ/
TAZ was not specifically considered in the model. How-
ever, the susceptibility rate is as high as 87-98% in Japan
[38, 39], so we believe that this difference would not have
a significant impact on the results. In addition, this study
did not consider the emergence of pathogens resistant to
CTZ/TAZ. However, the impact of resistant pathogens
on the cost-effectiveness of CTZ/TAZ would be minimal
since CTZ/TAZ resistance development is slow or very
limited according to an in vitro study [15].
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Fourth, in the ASPECT-NP study, the dosage of MEPM
was 1 g three times daily as a 1-h infusion, but this dos-
age might be low for severe infections caused by resist-
ant bacteria, and the infusion time might have been too
short. Although the maximum daily dose in the MEPM
package insert is 3 g, the JAID/JSC guide [10] recom-
mends 1-2 g 3 times daily for multidrug-resistant organ-
isms. Moreover, a longer infusion time, such as 3 h, is
recommended for severe cases [40, 41]. If the MEPM
dosage had been set at 2 g received three times a day via
3 h of infusion, the efficacy of MEPM would have been
higher, and the ICER would have been different.

There are two factors that should be considered in
future research. First, disease transmission should be
considered if infections can be treated early and if, in the
early stages, the risk of transmission of infectious dis-
eases can be reduced, which will have a positive impact
on clinical settings. Second, because the comparator was
MEPM, we did not include patients with HABP/VABP
due to carbapenem-resistant bacteria; however, since
CTZ/TAZ is also effective against some of these bacteria,
patients with vHABP/VABP carbapenem-resistant bacte-
ria should also be included. These factors can be included
in the model for future study.

Implications for practice

The choice of antibiotics for vVHABP/VABP patients
should be determined by considering various factors,
such as patient medical history, local resistance data, and
susceptibility testing results; however, cost-effectiveness
considerations should also be taken into account.

For severe resistant bacterial infections, carbapenems
tend to be used due to the limited choice of available anti-
biotics, costs, and the wide spectrum. However, based on
the results of this study, CTZ/TAZ can be considered a
good treatment option for vHABP/VABP patients, for
whom gram-negative bacteria are likely to be causa-
tive pathogens. However, CTZ/TAZ may not always be
a cost-effective option, and the treatment option should
be chosen based on a combination of the patient’s history
and test results for causative organisms.

Conclusions

The results of base case analysis indicated that CTZ/TAZ
is a cost-effective alternative to MEPM in vHABP/VABP
in Japan. This is because of the greater rate of clinical
cure for CTZ/TAZ than for MEPM, which led to a reduc-
tion in hospital resources.

The findings of this study support the use of CTZ/
TAZ as an alternative treatment option for vHABP/
VABP patients with a likelihood of gram-negative bac-
teria as the causative pathogens. It should be noted,
however, that the results of this study are controversial,
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since the probability of CTZ/TAZ being a cost-effective
treatment is almost half according to the PSA results.
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