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ARTICLE INFO ABSTRACT
Article history: Ceftazidime/avibactam (CAZ-AVI) is a novel, fixed-dose combination antibiotic that has been approved in
Received 2 November 2018 Europe and the United States for patients with complicated urinary tract infections (cUTIs) based on re-

Accepted 10 June 2019 sults of a Phase IIl, randomized, comparative study (RECAPTURE study). The present analysis evaluated

cost-effectiveness of CAZ-AVI as an empirical treatment for hospitalized patients with cUTIs from the
Editor: Dr R.A Seaton Italian publicly funded healthcare (third-party payer) perspective. A sequential, patient-level simulation
model was developed that followed the clinical course of cUTI and generated 5000 pairs of identical pa-

Iéf\yz‘f/z\rlclls('or ceftazidime/avibactam) tients (CAZ-AVI or imipenem as empirical treatment). The model included additional impact of resistant
Cost-effective analysis pathogens; patients who did not respond to empirical treatment were switched to second-line treatment
Economic evaluation of colistin+high dose carbapenem in both groups. The time horizon of the model was five years, with
RECAPTURE an annual discount rate of 3% applied to both costs and quality-adjusted life-years (QALYs). The anal-
Resistance ysis demonstrated that an intervention sequence (CAZ-AVI followed by colistin+high dose carbapenem)
UTI (or urinary tract infection) compared with a comparator sequence (imipenem followed by colistin+high dose carbapenem) was as-

sociated with a net incremental cost of €1015 per patient but provided better health outcomes in terms
of clinical cure (97.65% vs. 91.08%; A =6.57%), shorter hospital stays (10.65 vs. 12.55 days; A =1.90 days),
and QALYs gained per patient (4.190 vs. 4.063; A =0.126). The incremental cost-effectiveness ratio was
€8039/QALY, which is well below the willingness-to-pay threshold of €30 000/QALY in Italy. The results
showed that CAZ-AVI is expected to be a cost-effective treatment compared with imipenem for cUTI in
Italy.
© 2019 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

Abbreviations: AE, adverse event; AIFA, Italian Medicines Agency (Agenzia Ital-

iana del farmaco); CAZ-AVI, ceftazidime and avibactam; CBP, carbapenem; CEAC, Complicated urinary tract infections (cUTIs) involve structural

cost-effectiveness acceptability curve; cUTI, complicated urinary tract infections; or functional abnormalities of the genitourinary tract, relevant for
DSA, deterministic sensitivity analysis; EOT, end of treatment; ICER, incremen- infection, including urinary catheterization [1,2]. The majority of
tal cost-effectiveness ratio; ICU, intensive care unit; INB, incremental net benefit; cUTIs are caused by Gram-negative bacteria, including Escherichia

LFU, long-term follow-up; LY, life-year; PSA, probabilistic sensitivity analysis; QALY,
quality-adjusted life-year; SAE, serious adverse event; SE, standard error; TOC, test-
of-cure.
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coli, Klebsiella pneumoniae, Enterobacter species, and Pseudomonas
aeruginosa [3-5]. Many of these bacterial infections are resistant to

E-mail addresses: thitima/kongnakorn@evidera.com
(T. Kongnakorn), florian.wagenlehner@chiru.med.uni-giessen.de (F. Wagenlehner),

https://doi.org/10.1016/j.ijantimicag.2019.06.008
0924-8579/© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ijantimicag.2019.06.008
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijantimicag
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijantimicag.2019.06.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:thitima/kongnakorn@evidera.com
mailto:florian.wagenlehner@chiru.med.uni-giessen.de
mailto:marco.falcone@uniroma1.it
mailto:eszter.tichy@evidera.com
mailto:roberto.divirgilio@pfizer.com
mailto:nathalie.baillon-plot@pfizer.com
mailto:Claudie.Charbonneau@pfizer.com
https://doi.org/10.1016/j.ijantimicag.2019.06.008
http://creativecommons.org/licenses/by-nc-nd/4.0/

634 T. Kongnakorn, E. Wagenlehner and M. Falcone et al./International Journal of Antimicrobial Agents 54 (2019) 633-641

Microbio
Results:
Resistance?

Empiric
Treatment

Continued
Treatment

Next

Treatment

Patients are also exposed to risk of
death according to cure
/response status.

While on treatment, patients are
exposed to risk of AEs which may
result in treatment switch.
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antibiotics, resulting in prolonged stays in hospital and critical care
units, and are a serious threat to public health, thus highlighting
the urgent requirement for new treatments [6-8].

Ceftazidime/avibactam (CAZ-AVI) is a fixed-dose combination
antibiotic containing ceftazidime, an approved broad-spectrum,
third-generation cephalosporin, and avibactam, a first-in-class,
non-B-lactam, B-lactamase inhibitor that has been approved in
Europe and the United States for patients with cUTI. CAZ-AVI has
been developed to treat a broad range of Gram-negative bacterial
infections that are resistant to current antibiotics and pose an in-
creasing threat to public health. This drug combination has shown
promising results in the treatment of multidrug-resistant infections
[7,9].

Approval of CAZ-AVI was based on the results of a Phase III,
randomized, comparative study to determine the efficacy, safety
and tolerability of CAZ-AVI vs. doripenem followed by appropri-
ate oral therapy in hospitalized adult patients with cUTI (RECAP-
TURE study). The study was a non-inferiority design for ethical rea-
sons because the use of placebo was impractical and the new drug
must be shown to be non-inferior to the gold standard/standard-
of-care treatment to minimize risk to patients. The study met its
primary endpoints to assess the non-inferiority of CAZ-AVI com-
pared with doripenem with respect to the per-patient microbiolog-
ical response at the test-of-cure (TOC) visit in Europe and the rest
of the world and the symptomatic resolution rate of UTI-specific
symptoms [7,9].

In the real world where antibiotic resistance is rising, tradi-
tional clinical evaluation does not show the true value of new an-
tibiotics because of the non-inferiority design of studies and the
exclusion of patients with suspected resistance to study drugs. An-
tibiotic resistance leads to prolonged hospital stay and increases
the cost and economic burden for the payers [10-12]. Italy has a
high prevalence of resistant Gram-negative bacteria (e.g., in 2014
the resistance rate of fluoroquinolones in E. coli was 44% and in
K. pneumonia was 56%) [13]. Furthermore, antibiotic consumption
outside of hospital was 27.8 doses per 1000 inhabitants, ranking
Italy as the fifth highest country in terms of antibiotic use in Eu-
rope [14]. The clinical and economic benefits of CAZ-AVI need to
be assessed against increasing drug treatment costs from the per-
spective of healthcare providers and payers. Thus, the objective of

the current study was to compare the cost-effectiveness of CAZ-AVI
as an empirical treatment for cUTI with that of imipenem from the
Italian publicly funded healthcare (third-party payer) perspective.

2. Methods
2.1. Model structure

A sequential, patient-level simulation model of the clinical
course of cUTI after initiation of empirical treatment (i.e., CAZ-
AVI or imipenem) was developed in Microsoft Excel® to estimate
the cost-effectiveness of CAZ-AVI in the target patient population.
Based on data from the RECAPTURE study, the model tracks index
patients through different phases of cUTI from diagnosis until clin-
ical resolution or death. A graphical representation of the model
structure with all treatment pathways is provided in Fig. 1. The
model structure fulfils the requirements of the Italian health eco-
nomic agency and is generalisable for other countries with similar
clinical practice and epidemiology.

The model started with the creation of 5000 cUTI patients;
each one was assigned clinical characteristics based on pathogen(s)
and resistance status by Monte Carlo sampling. Hospitalized pa-
tients entered the model at the time of cUTI diagnosis, which was
assumed to be concurrent with collection of urine culture and
initiation of empirical antimicrobial therapy. The model then gen-
erated two identical cohorts: one cohort received empirical treat-
ment with CAZ-AVI and the other received imipenem, an an-
tibiotic widely used in Europe for cUTI, as suggested by Italian
clinical experts. Identical cohorts ensured the comparisons were
not affected by any differences in baseline characteristics of the
infection and that random chance events (non-treatment effects)
were treated equally across the groups. As displayed in Fig. 1, each
patient received empirical treatment upon entering the model. The
patient continued empirical treatment until his/her microbiologi-
cal results were available (2-3 days). The patient was counted as
having clinical failure and switched to the next treatment line if
microbiological results revealed that at least one of the pathogens
was resistant to empirical treatment. If no resistance was observed,
empirical treatment was continued as definitive therapy.
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Once the patient completed the treatment course, he/she was
assessed to evaluate for response at the end-of-treatment (EOT)
assessment. If there was no response, the patient was counted as
having a failure and switched to the next treatment. If there was a
response, the patient was continued to follow-up and had the next
assessment at the first follow-up visit, equivalent to the TOC visit
in the clinical study (i.e., 21-25 days after initiation of treatment).
At the TOC visit, patients were assessed for clinical cure. If there
was no clinical cure, the patient was switched to the next line of
treatment. If clinical cure was achieved, the patient proceeded to
the second follow-up visit, which was equivalent to a long-term
follow-up (LFU) visit in the clinical study (i.e., 45-52 days after
initiation of treatment), where recurrence of infection (i.e., equiva-
lent to clinical failure observed at the LFU visit in the randomized
controlled studies) was assessed. If the patient had a recurrence,
a one-time recurrence cost was accrued; this cost was assumed to
include all medical costs associated with management of the re-
currence.

During the model time horizon, patients were also exposed to
risk of death and risk of treatment-related adverse events (AEs).
The cost of managing any AE that occurred was accrued and the
patient could switch to the next treatment line. Life-years (LYs)
and quality-adjusted life years (QALYs) were evaluated when the
patient died or reached the end of the time horizon.

Considering the increase in antibiotic resistance and the char-
acter of non-inferiority studies of antibiotics, the model included
the additional impact of resistant pathogens to evaluate the real
value of antibiotics. Patients infected with a pathogen resistant to
empirical treatment were considered to have a 10% increase in
hospitalization daily cost to account for increased healthcare re-
source use [10]; a 20% higher mortality than patients with sus-
ceptible pathogens but inappropriate treatment to account for the
increased risk of mortality [10-12]; and a 10% reduced efficacy in
subsequent treatment (based on expert opinion).

2.2. Treatment comparison

The treatment sequences consisted of an empirical treatment
followed by second-line treatment and were based on current Ital-
ian clinical practices. The analysis compared an intervention se-
quence, which included empirical treatment with CAZ-AVI and
second-line treatment with a combination of colistin and high dose
carbapenem (colistin+high dose CBP), with a comparator sequence,
which included empirical treatment with imipenem followed by
second-line treatment with colistin+high dose CBP.

2.3. Model inputs and data sources

Model inputs and data sources are presented in Table 1
[15,17-26]. The model included up to five baseline pathogens. The
frequency of the pathogens was based on the top five most fre-
quently identified baseline pathogens in the RECAPTURE study [7].

Model inputs on resistance rate of CAZ-AVI were obtained from
a published paper [15]; patients with resistant pathogen were ex-
cluded, as in the RECAPTURE study. Resistance rates of other drugs
were derived from the 2017 resistance data of Italian patients [16].
Treatment efficacy included response achieved at the EOT visit,
clinical cure at the first follow-up visit (i.e., TOC visit), and recur-
rence of infection at the second follow-up visit (i.e., LFU visit). The
inputs for response and clinical cure for CAZ-AVI were based on
data from the RECAPTURE study [7], and those for imipenem were
clinical cure probabilities extracted from a published clinical study
[16]. Probability of response at EOT and cure at TOC of the second-
line treatment colistin+high dose CBP was assumed to be the same
as the results of doripenem in the RECAPTURE study (same drug
class).

Probabilities of recurrence for CAZ-AVI were based on data from
clinical failures at the LFU visit in the RECAPTURE study in pa-
tients who achieved clinical cures at TOC, and recurrence data for
imipenem and colistin+high dose CBP were assumed to be the
same as for doripenem in the RECAPTURE study.

AEs in the base case included only serious adverse events
(SAEs) that had relevant cost impact and could have resulted in
treatment switch or discontinuation. Model inputs on SAEs were
obtained from the RECAPTURE study. As the RECAPTURE study had
low mortality, model inputs for in-hospital deaths were obtained
from published clinical studies. In-hospital death was categorized
based on appropriateness of treatment and resistance to empirical
treatment.

Drug costs for CAZ-AVI and imipenem were available on the of-
ficial site of the Italian Medicine Agency (AIFA); the cost of col-
istin was based on the United Kingdom price (from the British Na-
tional Formulary) as the AIFA database did not have this informa-
tion [23,27]. Hospitalization costs were calculated as an average of
intensive care unit (ICU) costs [26] and general ward costs [24,25],
weighing the duration in each location.

Inputs for total length of hospital stay and proportion of time
spent in the ICU vs. general ward were obtained from analysis of
healthcare resource use data from the RECAPTURE study. Costs of
SAEs were calculated as a weighted average cost based on differ-
ent SAEs reported during the RECAPTURE study. Costs of SAEs in
the base case and the recurrence costs modelled as a one-off cost
at the time of recurrence were based on the Italian hospital DRG
costs [24,25]. Health utilities were based on data obtained from
published literature [21,22] as this information was not included
in the RECAPTURE study.

2.4. Analyses

The model compared the cost-effectiveness of an interven-
tion sequence (empirical treatment with CAZ-AVI followed by
colistin+high dose CBP) with that of a comparator sequence (em-
pirical treatment with imipenem followed by colistin+high dose
CBP) from the perspective of publicly funded healthcare (third-
party payer) in Italy. The analysis focused on direct medical costs.
The model included patient-level simulation that followed the clin-
ical course of cUTI after initiation of empirical treatment for 5000
cUTI patients. The time horizon of the model was five years to
cover the infection episode and to evaluate long-term impact. The
model applied an annual discount rate of 3% on costs and health
benefits [28].

Comparison of the two treatment strategies was based on the
following outcomes from the model: proportions of patients cured,
LYs, QALYs, and total costs. Differences in these outcomes between
the two treatment strategies were calculated, along with an incre-
mental cost-effectiveness ratio (ICER) as incremental cost per QALY
gained.

Uncertainty of the results in the model was evaluated by prob-
abilistic sensitivity analysis (PSA), applying second-order Monte
Carlo simulation. Each parameter (costs and efficacy) was assigned
a probability distribution, and cost-effectiveness results associated
with simultaneously selecting random values from those distribu-
tions were generated. Healthcare resource use costs were assumed
to follow gamma distributions. As there was no information on
the variability of some of these parameters, the standard error (SE)
was assumed to equal 10% of the mean. Results of the probabilis-
tic analysis were plotted on the cost-effectiveness plane and were
used to calculate cost-effectiveness acceptability curves (CEACS).

One-way deterministic sensitivity analyses were conducted to
identify key model parameters, where each parameter was varied
+ 20% of the base case values while holding all other parameters
constant. Incremental net benefit (INB) was summarized as a tor-
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Table 1
Model inputs and data source.

Baseline pathogens and resistance rates by pathogen for each treatment

Resistance rates by pathogen for each treatment

Pathogens Frequency of baseline pathogens?® CAZ-AVI® Imipenem*
Escherichia coli 76% 1% 1%
Klebsiella pneumoniae 12% 1% 52%
Pseudomonas aeruginosa 4% 7% 24%
Proteus mirabilis 3% 0% 0%
Enterobacter cloacae 3% 1% 0%
Other model inputs and data sources

CAZ-AVI Imipenem Colistin + high-dose CBP
Probability of clinical cure 97.3%¢ 80.6%¢ 93.6%"
Probability of AE® 1.8%¢ 1.0%" 1.0%"
Probability of recurrence 5.6%4 7.2%" 7.2%
Treatment duration 7.5 days" 9.5 days' 9.5 days'

Probability of in-hospital death! Appropriate empirical treatment: 1.80%
Inappropriate empirical treatment: 7.20%
Resistant to empirical treatment: 8.64%
With clinical response/cure: 0.92
Without clinical response: 0.61™

With clinical cure: 10.40 days

With clinical failure: 14.20 days

Utility (quality of life)

Hospital length of stay!

Daily drug costs", (€) (average daily €300.00 (7500 mg)

€39.00 (2000 mg) €68.13 (colistin [IV] 5 mg;

CBP [imipenem] 3000 mg)

dose)

Hospital cost per day General ward: €308.74°; ICU €1383.00°
Cost of SAE in the base case € 1970

Cost of recurrence € 2155

AE, adverse event; BNF, British National Formulary; CAZ-AV], ceftazidime-avibactam; CBP, carbapenem; ICU, intensive care unit; IV, intravenous, SAE, serious

adverse event

2 Top five most frequently identified baseline pathogens based on the RECAPTURE clinical study data.

b

2017 resistance data for Italy, derived from Kazmierczak et al. 2017 [13].

Expert opinion. The same resistance rates are used at colistin+high dose CBP (at second line).

c
4 RECAPTURE clinical study data [7].
¢ Vazquez et al. 2012 [15].

f

Assumed to be the same as doripenem in RECAPTURE trial, given the same drug class.
& AEs considered in the model included only serious AEs, as these have relevant cost impact and can result in treatment discontinuation or treatment

switch.

h Zavicefta (CAZ-AVI) EU label, ANNEX I Summary of Product Characteristics [16].
! Doribax (Doripenem) EU label, ANNEX I Summary of Product Characteristics, assumed same as doripenem data, given the same drug class [17].

I MacVane et al. 2014 [18].

k Assumed to be 20% higher than mortality among patients with susceptible pathogens but had inappropriate empirical therapy.

! Song et al. 2012 [19].
m Delate et al. 2001 [20].

" AIFA, Agenzia Italiana del Farmaco (except for cost of colistin which was taken from BNF, converted to Euros using an exchange rate of £1 =€1.36) [21].

° [talian hospital diagnosis-related groups (DRGs 2013 and 2015) [22,23].

P Tan et al 2012 [24].

nado diagram where INB was calculated as:
INB = (QALYs1 — QALYs2) x threshold — (Costs1 — Costs2)

where QALYs1 = QALYs generated with Treatment 1; QALYs2=
QALYs generated with Treatment 2; Costs1=Total costs as-
sociated with Treatment 1; Costs2=Total costs associated
with Treatment 2; and threshold = willingness-to-pay.

Scenario analyses were performed: the first was a conserva-
tive case where no adjustments due to resistance were made; in
the second, treatment efficacy of second-line treatment was set to
100% (i.e., assuming patients were switched to the ‘right’ treatment
in the second line).

3. Results
3.1. Base case results

The key base case results obtained from the model are pre-
sented in Table 2 and Fig. 2. The analysis revealed that the in-

tervention sequence provided better health outcomes, including a
6.57% increase in proportion of patients cured, average of 0.062
LYs, and 0.127 QALYs gained per patient vs. the comparator se-
quence (Table 2). This led to a reduction in the average length
of hospital stay with the intervention sequence by 1.90 days per
patient compared with the comparator sequence. The proportion
of patients who died in hospital was lower with the interven-
tion sequence compared with the comparator sequence (1.68% vs.
3.03%), although the proportion of patients with AEs was compa-
rable (1.00% vs. 1.03%) for the two treatment sequences (Table 2).
The model predicted an incremental cost of €1015 per patient
with the intervention sequence. Most of the incremental cost was
generated from the average drug cost (€2238 vs. €561) due to
the higher acquisition cost of CAZ-AVI. However, incremental costs
were partially offset by savings in hospitalization cost (€3350 vs.
€3990) because of the reduced length of hospital stay with the in-
tervention sequence. In addition, the average recurrence cost was
predicted to be lower in patients treated with the intervention se-
quence (€124 vs. €146). The average SAE cost was similar in the
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Table 2
Base-case results.

Table 3
Scenario analysis.

Intervention sequence  Comparator sequence
[CAZ-AVI; Colistin+high [Imipenem; Colistin+

Outcomes dose CBP] high dose CBP]
Clinical Outcomes

% of patients with cure 97.65% 91.08%
% of patients died in hospital  1.68% 3.03%
% of patients with AE 1.00% 1.03%
Average days in hospital 10.65 12.55
Discounted LYs 4.565 4.503
Discounted QALYs 4.190 4.063
Discounted Cost Outcomes

Drug costs € 2,238 € 561
Hospitalization costs € 3,350 € 3,990
SAE costs €20 €20
Recurrence costs €124 € 146
Total costs €5,732 € 4,717

Incremental Cost-Effectiveness Ratios

Incremental cost per QALY gained € 8,039

AE, adverse event; CAZ-AVI, Ceftazidime-avibactam; CBP, carbapenem; LY, life year;
QALY, quality-adjusted life year; SAE, serious adverse event

two treatment sequences because there was a similar proportion
of patients with AEs (Fig. 2). The incremental cost-effectiveness
ratio was €8039 per QALY gained, which was well below the
willingness-to-pay threshold of €30 000 per QALY in Italy.

3.2. Scenario results

A moderate impact on the ICERs (+21%) was estimated in a
scenario with ‘no resistance adjustments’ and in a scenario with
patients receiving second-line treatment, the assumption of 100%
response/cure rates had only a small impact (+6%) on the results
(Table 3). In both scenarios, the ICERs remain below the acceptable
willingness-to-pay threshold of €30 000 per QALY.

3.3. Probabilistic sensitivity analysis (PSA) results

PSA results are presented on the cost-effectiveness plane, where
incremental costs and incremental QALYs of CAZ-AVI vs. imipenem
followed by colistin+high dose CBP are shown (Fig. 3a). In most

Scenario Incremental cost per QALY gained
(% change from base case)
Base case € 8,039

Resistance adjustments

No adjustments

Second line efficacy

Assumed 100% response/cure rates in
treatment

€ 9,757 (+21%)

€ 8,517 (+6%)

QALY, quality-adjusted life year

simulations, the groupings on the cost-effectiveness planes had a
cluster around the North-East quadrant, indicating that the inter-
vention sequence was more effective and costlier than the com-
parator sequence.

The cost-effectiveness acceptability curve (Fig. 3b) depicted that
the intervention sequence (i.e., sequence with CAZ-AVI) was an
optimal treatment option representing the maximum net benefit
compared with the comparator sequence, at a willingness-to-pay
threshold above €16 000 per QALY.

3.4. Deterministic sensitivity analysis (DSA) results

The results from one-way DSA for cUTI representing outcomes
of INB based on a willingness-to-pay threshold of €30 000 per
QALY are presented in Fig. 4. Based on INB from the base case,
the intervention sequence (i.e., sequence with CAZ-AVI) depicted
cost-effectiveness (positive INB of €2772) compared with the com-
parator sequence at a willingness-to-pay threshold of €30 000 per
QALY. The results were based on the top 10 parameters by order of
their influence on the outcomes. Variation in response rates at the
EOT assessment for imipenem influenced INB the most, followed
by utility value of clinical cure.

4. Discussion

The primary objective of the analysis was to compare the cost-
effectiveness of CAZ-AVI as an empirical treatment with that of
imipenem for hospitalized patients with cUTIL. The analysis results
showed that CAZ-AVI provided better health outcomes (increase in
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Fig. 3. Results from probabilistic sensitivity analysis for CAZ-AVI vs. imipenem followed by colistin+high dose CBP in cUTI, cost per QALY.

Panel a) On cost-effectiveness plane.
Footnotes: QALY, quality-adjusted life year; WTP, willingness-to-pay.

Note: Each dot represents cost-effectiveness outcome from each iteration. The threshold lines represent cost-effectiveness thresholds (€30 000 or €40 000 per QALY); the
maximum amount society is willing to pay for a QALY gain. In cases that fall to the right and below this line, the intervention is cost-effective compared with the comparator.
In cases that fall to the left and above this line, the intervention is not cost-effective compared with the comparator.

Panel b) On cost-effectiveness acceptability curve.
Footnote: QALY, quality-adjusted life year.

clinical cure, shorter hospital stays, and higher QALYs gained per
patient) at an acceptable net incremental cost of €1015 per pa-
tient and an ICER of €8039 per QALY gained, which is well be-
low the threshold of €30 000 per QALY in Italy. Therefore, CAZ-AVI
can be considered a cost-effective option compared with imipenem
for empirical treatment of cUTI patients. The current study is the
first cost-effectiveness analysis of CAZ-AVI from the Italian publicly
funded healthcare (third-party payer) perspective.

CAZ-AVI was shown to be as effective as doripenem in treat-
ing patients with cUTI infections due to Gram-negative pathogens
resistant to ceftazidime, and was well tolerated in the RECAP-
TURE study [7]. The current analysis used data from the RECAP-
TURE study and published clinical studies along with local surveil-
lance data to estimate the cost-effectiveness of CAZ-AVI com-
pared with imipenem. In a recent study in the United States, an-
other novel antibiotic - ceftolozane/tazobactam - was found to
be cost-effective at an ICER of $6128 per QALY compared with
piperacillin/tazobactam for the empirical treatment of adult pa-
tients with cUTI [3]. The authors stressed the importance of local

data because antimicrobial resistance varies by location and this
could impact cost-effectiveness calculations [29-31].

Antibiotic resistance directly affects disease management, lead-
ing to prolonged hospitalization, additional drug costs, and nurs-
ing and medical care [10,20]. The current model is flexible enough
to include the additional impact of resistant pathogens. This helps
evaluate the true value of antibiotics as patients infected with
pathogens resistant to empirical treatment were assumed to have
increased costs of hospitalizations, reduced efficacy of subsequent
treatments, and higher mortality. In a conservative scenario where
this impact was removed from the analysis (i.e., 'no resistance’ ad-
justments), the estimated ICER, although slightly increased (€9757
vs. €8039 per QALY), was still well below the threshold of €30 000
per QALY. In another scenario analysis, patients receiving second-
line treatment were assumed to have 100% response/cure rates and
this had only a small impact on the results (€8517 vs. €8039 per
QALY) compared with the base case.

In addition to the cost-effectiveness outcome from this study,
a recent budget impact analysis revealed that the introduction of
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Base case INB 2,772

Prob of response at EOT for Imipenem 926

Prob of response at EOT for CAZ-AVI

Utility cured - cUTI

Utlity with cUTI

Prob of response at EOT for Colistin+high dose CBP

Treatment duration of CAZ-AVI

Prob of cure at TOC for Imipenem

Frequency of Klebsiella Pneumoniae

Prob of cure at TOC for CAZ-AVI

Daily cost of CAZ-AVI

Upper Input
H Lower Input

4,257

2,367 _ 3,467
2,353 - 3,352
2,165 _ 3,138
2,424 _ 3,394

0 500 1,000 1,500

2,000 2,500 3,000 3,500 4,000 4,500 5,000

Incremental Net Benefit

(based on a willingness-to-pay threshold of €30,000/QALY)

Fig. 4. Results from one-way deterministic sensitivity analysis, incremental net benefit based on a willingness-to-pay threshold.
Footnotes: CAZ-AV], Ceftazidime avibactam; CBP, carbapenem; cUTI, complicated urinary tract infection; EOT, end of treatment; INB, incremental net benefit; Prob, probability;

TOC, test-of-cure.

Note: Positive INB indicates intervention was cost-effective compared with comparator, and vice versa.

CAZ-AVI to the hospital formulary in Italy for treatment of cUTI
patients can be expected to have a marginal impact on the total
healthcare budget, with an increase in the total budget of approxi-
mately 1% over three years [32].

Administering antibiotics that can provide appropriate coverage
early on can save lives, as shown by the results from this study:
in-hospital deaths were reduced by 1.4% with CAZ-AVI compared
with imipenem (Table 2). However, these drugs do not seem to be
sufficiently valued by society, payers, and decision makers com-
pared with novel treatments in other therapeutic areas, such as
oncology, where costs of treatments can be striking with little gain
in life expectancy.

The model analysis had limitations. First, the analysis was based
on the results from the RECAPTURE study, which had a non-
inferiority design and could not show the superiority of CAZ-AVI
[7]. Data to support the impact of antibiotic resistance had to
come from other supplemental sources, because patients with re-
sistance were excluded from the RECAPTURE study. Second, due to
the model structure, the treatment pathways in the model could
only be predefined; therefore, subsequent treatment choices could
not be specified for individual patients. Third, the clinical inputs,
i.e,, clinical data for safety and efficacy for all treatments, were
obtained directly from published multicentre clinical studies. No
data synthesizing method, such as indirect comparison or mixed-
treatment comparison, was performed during the analysis. Test-
ing the response rates at EOT showed that if the imipenem re-
sponse probability was increased by 10% or the CAZ-AVI response
probability was decreased by 10%, the intervention sequence re-
mained cost-effective with the threshold of €30 000, as the
INB remained positive (€926 with increased imipenem response,
and €301 with decreased CAZ-AVI response probability). Also, the
published data were assumed to be applicable for Italy. Fourth,
the model envisaged the continuation of the same antimicrobial
regimen (imipenem or CAZ-AVI) as definitive therapy if no re-
sistance was found. However, in clinical practice, if the clinical
isolate shows no resistance, a de-escalation to a less expensive
therapy should be advocated. If the model had included step-
down therapy, the results would have favoured CAZ-AVI as a
higher proportion of patients was susceptible to CAZ-AVI, and
thus treatment costs would have been lower. Therefore, this as-

sumption can be considered conservative. Fifth, AEs were cap-
tured as an aggregated AE, with a unit cost of AE calculated
based on distribution of different AEs as observed in the CAZ-
AVI clinical studies. Thus, it was assumed that a similar distribu-
tion of different AEs was observed with other treatments. Lastly,
given geographical variations in healthcare resource use and clin-
ical practice across different countries, the results from this study
may not be generalisable to other countries unless clinical prac-
tice, epidemiology, resource use, and costs are similar to that in
Italy.

The study had several strengths, which make the findings
more impactful. The study analysis evaluated the entire disease
course (response, cure, treatment duration, hospitalization, AEs, re-
currence of infections) at the patient level. Multidrug resistance
was evaluated in detail by different pathogens, which depicted
the real value of the antibiotics to reflect the real-world sce-
nario of increasing antimicrobial resistance. The analysis evaluated
the efficacy aspects on a broad level, including clinical response,
cure, and recurrence, which provides more meaningful clinical and
economical outcomes. The patient-level simulation used by the
model is well established and permits the development of real-
istic models, as it enables simulation of switching patients from
treatment to treatment, capturing consequences at detailed lev-
els, such as impact of resistance, while keeping the model logic
transparent.

5. Conclusions

Healthcare providers should evaluate local resistance data,
treatment efficacy, treatment-resistance profile, and economical as-
pects of management of the cUTI infection. The choice of an opti-
mal antibiotic treatment for patients with cUTI is key and should
be carefully considered. Our findings indicate that use of CAZ-AVI
as an empirical treatment is cost-effective, providing better clini-
cal outcomes at an acceptable cost, compared with imipenem in
cUTI in Italy. With the rise of antimicrobial resistance, early appro-
priate treatment along with antimicrobial stewardship would not
only optimize clinical outcomes but also help preserve the lifecy-
cle of novel antibiotics and thus, CAZ-AVI should be considered as
an alternative to imipenem.
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