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Abstract
Background: Ceftazidime-Avibactam (CAZ-AVI) may offer a signi�cant advance over previously
antimicrobials against carbapenem-resistant Enterobacteriaceae (CRE). We evaluate the cost-effectiveness of
CAZ-AVI compared to colistin-meropenem (COL+MEM) in the treatment of CRE infections in Colombia

Methods: A decision tree model was developed from healthcare system perspective assuming a 30-day time
horizon. Inputs were derived from a published observational study. The clinical course was simulated based
on treatment response between 48-72 hours, and the duration of the treatment was 7-14 days. The clinical
failure was assumed as the addition of an antibiotic. The model considered that combination therapy of
COL+MEM was not superior to monotherapy to re�ect real clinical behavior. Cost inputs were extracted from a
published Colombian manual tariffs and o�cial databases, expressed in 2019 dollars (USD). Utility values
were from published literature. The sensitivity analyses were performed.

Results: In the base case analysis, CAZ-AVI was associated with reduced mortality, length of hospital stay and
fewer add-on antibiotics, resulting in an increase of 1.76 QALYs per patient versus COL+MEM. and
incremental costs associated in CAZ-AVI were $2,521 higher per patient compared to COL+MEM ($755 versus
$3,276). The incremental costs were partially increased due to the lower mortality rate observed with CAZ-AVI.
The incremental cost-effectiveness ratio was estimated to be $3,317 per QALY. In the probabilistic sensitivity
analysis, with a willingness to pay above $2,438, CAZ-AVI has a higher probability of being cost-effective.

Discussion: CAZ-AVI demonstrates cost-effectiveness as a treatment for CRE infections by reducing the
number of deaths and increasing QALYs.

1. Background
Carbapenems-resistant Enterobacteriaceae (CRE) are a serious threat to public health, being associated with
high mortality rates and poor clinical outcomes (1). This may be due to a delay in treatment time, limitations
in available treatment options, and the fact that patients with CRE infections tend to be critically ill (2).

The growth in resistance rates of Gram-negative bacteria has limited the bene�t of the few effective and well-
tolerated treatment options available (3, 4). Ceftazidime/avibactam (CAZ-AVI) is a novel, β-lactam/β-
lactamase inhibitor �xed-dose combination drug containing ceftazidime (an established, extended-spectrum
and avibactam (a unique, non-β-lactam, β-lactamase inhibitor)(5). It was launched worldwide and has
demonstrated e�cacy and safety through a robust Phase III clinical trial program in patients compared with
carbapenems in Gram-negative infections such as complicated urinary infections (6, 7), complicated intra-
abdominal infection (8) and hospital associated pneumonia including ventilator-associated pneumonia (9).
For CRE infections, CAZ-AVI has demonstrated important results through real world studies in terms of clinical
and microbiological results (10), and also in reduction of mortality, failure renal, and length of stay compared
to colistin (11).

The current available treatment options to tackle CRE infections in Colombia are colistin, polymyxin,
tigecycline and fosfomycin, in combination with carbapenems. However, the polymyxins are associated with
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high rates of nephrotoxicity, low e�cacy, and uncertainty on dosing and resistance (12–14). CAZ-AVI has
recently become available as a safe alternative for Gram-negative infections including CRE (15, 16).

Considering that CAZ-AVI is a new agent in the country, it re�ects the widespread interest in the evidence of
the economic value of this treatment along with the clinical evidence. Therefore, the aim of the study to
assess the cost-effectiveness of CAZ-AVI compared to colistin in combination with meropenem (COL + MEM)
in the treatment of CRE infections.

2. Materials And Methods
Clinical management of CRE infections is complex, especially when the evidence in this population is limited.
To unify the evidence of the economic value of treatments together with clinical e�cacy, a simpli�ed decision
tree was developed and validated by clinicians with extensive clinical experience in the management of these
infections and critically ill patients, in this way, ensure that the economic model developed re�ects the clinical
practice of the country. The structure, temporary horizon and assumptions used are detailed below.

Model Structure

The decision tree was designed in Microsoft O�ce Excel version 1908. The model was based on data derived
mainly from Van Duin et al. (11). This included the 30-day hospital follow-up with hospital discharge,
mortality rate, duration of initial therapy, percentage of patients who develop renal failure, and the likelihood
of receiving additional antibiotics.

Figure 1. Model structure

In the model, patients begin treatment with CAZ-AVI or COL + MEM. Colistin alone was excluded as a
monotherapy comparator since, in the opinion of experts, it does not re�ect clinical practice where
combination therapies are usually the most appropriate treatment strategies (2). Moreover, the results of the
clinical study by Paul et al., showed that the combination therapy, COL + MEM, generates similar clinical
outcomes compared to colistin monotherapy (17), unfortunately, the low number of patients impaired the
statistical power subgroups (18), different to A baumannii infections, and there is not another study to provide
conclusive evidence.

In this model, therapeutic failure is supposed to occur between 48 and 72 hours, which represents an
extension of treatment (19). This failure has been de�ned as the addition of other antibiotics (tigecycline or
fosfomycin). Patients who respond and do not require a second antibiotic will be discharged home according
to the probability of occurrence of it reported by Van Duin et al. (11), and the treatment length will be 10 days
as was observed in the same study. Among those who do not respond, a second antibiotic is added after 2–3
days; after this, a new 10-day course of treatment begins. Polymyxin and tigecycline would be as add-on
treatment for CAZ-AVI and COL + MEM, in the proportions reported by Van Duin et al. (11). Renal failure
probability used was the reported in the observational study after the 30-days of follow up.

Effectiveness
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Effectiveness was expressed as quality-adjusted life years (QALY), where cohort survival is calculated after
30 days of follow-up. The life years saved were calculated by multiplying the percentage of patients alive at
the end of the follow-up by the life expectancy of this type of patient. The life expectancy reported in the
National Administrative Department of Statistics (DANE) (20) was adjusted to relative risk of death for
survivors of 0.51, according to a study by Garcia-Hernandez and Mayrhofer (21).

The model included two health state utilities, for patients who a clinical response 0.92, according to a study
by Song et al.(22), and for patients who had therapeutic failure 0.61, according to the publication by Delate et
al.(23).

Costs

All costs are reported in dollars (USD) 2019. The exchange rate used was COP$3,282 per dollar (24). The
costs of medications were obtained from the January to March 2019 reports of the Drug Price Information
System (i.e. SISMED). For dose determination, he average weight of 65 kg was assumed. The daily dosage
was derived for colistin from the study by Van Duin study (11); meropenem, from the study by Paul et al. (17);
and the other antibiotics, including CAZ-AVI, from the study by Morrill et al. (2).

Table 1. Total treatment costs

Table 1
Total treatment costs

    Daily dose Mean cost per unit

Treatments      

Meropenem, g   6 $ 6.53

Colistin, million unit (MIU) Loading dose 3* $ 11.83

Maintenance dose 4.5*

CAZ-AVI, g   7.5 $ 40.23

Additional treatments      

Tigecycline, mg   100 $ 21,61

Fosfomycin, g   12 $ 2,29

*Average weight 60 kg      

The fees in the Mandatory Tra�c Accident Service (i.e. SOAT) (25) and Tariff Manual ISS 2001 (26) manuals
were used for hospital costs, and include the monitoring costs and stays in ward and in the Intensive Care
Unit (ICU).

The cost associated with the adverse event of treatment-related renal failure was extracted from the
published literature (27), and from the Electronic System for Public Procurement (i.e. SECOP)(28). To update
prices, the Consumer Price Index (CPI) reported by the Central Bank was used (29).
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Table 2. Costs inputs

Table 2
Costs inputs

    Mean   SD

Hospitalization        

Ward   $ 35   $ 32

ICU   $ 313   $ 207

Adverse event        

Renal failure   $ 426   $ 145

Dialysis   $ 1,197   $ 189

Paraclinics      

Colistin-meropenem   $ 15   $ 11

CAZ-AVI   $ 5   $ 4

Sensitivity analyses

To assess the robustness of the study �ndings, univariate sensitivity analyzes were performed to examine the
impact of the key variables on the incremental cost-effectiveness ratio (ICER). The data of utilities, costs,
proportion of patients who developed renal failure, treatment length and failure, and the dose of colistin were
the variables selected for this analysis. Furthermore, mortality observed in the Paul study in patients with
Enterobacteriaceae treated in Colistin plus meropenem was evaluated.

The probabilistic sensitivity analysis (PSA) was carried out assuming distributions for the model parameters.
For clinical parameters and utilities, it was assumed that they followed Beta or Uniform distributions and, in
terms of cost parameters, Gamma distribution. The results of this analysis are presented in the acceptability
curve.

3. Results
Base-Case scenario

For the treatment of CRE infections at a follow-up time of 30 days, CAZ-AVI ($8,284) incurred an incremental
cost per patient of $3,317 over COL + MEM ($ 4,966). The general difference is mainly due to the cost
associated with the treatment. However, the main cost driver for both groups was hospitalization, representing
59.92% for CAZ-AVI and 82.53% for COL + MEM of the total cost, where the percentage of people discharged
is higher in the case of CAZ-AVI.

Despite the higher expected cost, CAZ-AVI showed to reduce mortality and, therefore, obtain better results in
effectiveness compared to COL + MEM. In a hypothetical cohort of 1,000 patients, 92 deaths are estimated in
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the case of CAZ-AVI and 320 in the case of COL + MEM. Hence, it is estimated that CAZ-AVI generates an
additional 1.76 QALY compared to COL + MEM. The model suggests that CAZ-AVI is associated with an ICER
of USD 2,584/QALY.

Table 3. Events per 1,000 patients at the 30 days of follow-up

Table 3
Events per 1,000 patients at the 30 days of follow-up

  CAZ-AVI Colistin-meropenem

Death 92 320

Alive in hospital 724 607

Discharge home 184 73

Additional antibiotic 630 940

Renal failure 50 130

Univariate sensibility analyses

This analysis indicated that the ICER was not sensitive to changes of the variables. The variables treatment
length, the utility of patients with the clinical cure, and life expectancy are those that generated the greatest
variability in the results. When all model parameters were changed, the ICER was in the range of USD 1,817–
3,658/QALY, demonstrating that CAZ-AVI is a cost-effective strategy in all the scenarios of this analysis.

Probabilistic sensitivity analysis

This analysis showed that CAZ-AVI is more likely to be a cost-effective strategy when the threshold is higher
than USD 2,438 per QALY. When these two alternatives are compared at a threshold of one Gross Domestic
Product (GDP) per capita (USD 6,030) per QALY, CAZ-AVI would have a 99% chance of being cost-effective.

Figure 2. Acceptability curve

4. Discussion
This is the �rst economic study conducted in the country related to the treatment of CRE infections with CAZ-
AVI. Both in the baseline scenario and the sensitivity analysis, CAZ-AVI was shown as a cost-effective
treatment below the thresholds usually used in Colombia, from one to three times the GDP per capita

The model re�ects that management with CAZ-AVI provides a better opportunity for clinical success by
decreasing the percentage of people who require additional antibiotics, reducing the number of deaths, and
increasing the number of QALY compared to COL + MEM. Despite the clinical bene�ts of CAZ-AVI treatment,
no savings are generated in the management of patients, both in treatment and hospital management. The
�rst is due to the difference in treatment prices and the second, due to the number of people who live during
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the hospital stay. Since the mortality rate is higher in the case of COL + MEM, the use of resources in these
patients is lower; in the base case, the absolute difference in the mortality rate was 23%.

Given the difference in mortality among comparators, it could infer that the COL + MEM strategy will require
additional �nancial resources at short term compared to CAZ-AVI, considering the �ndings of an
observational study, which showed that the costs of deceased people tend to be higher than the costs of the
survivors (30).

Relative to difference in terms of effectiveness and safety between colistin methane sulfonate and polymyxin
B there is a discussion, mainly due to the pharmacokinetic process to obtain colistin from methane sulfonate
(31). From this uncertainty, a systematic review which compared both treatments and found that there is no
statistical difference in mortality at 30 days or in-hospital (32). Conversely, colistin was associated to present
more cases of nephrotoxicity (32). Considering the available evidence and the sensibility analysis in which
the results in the ICER were not sensitive to frequency of renal failure, expect to �nd similar results with
polymyxin B.

Future work will require information on the impact of methadone treatment on the cost of health

care and public programs, the indirect costs incurred by patients, and adjustments to re¯ ect quality of life

Future work will require information on the impact of methadone treatment on the cost of health

care and public programs, the indirect costs incurred by patients, and adjustments to re¯ ect quality of life

Future work will require information on the impact of randomized controlled trials evaluating antimicrobial
treatment options for CRE infections and incorporated the long-term costs incurred by society, captures death-
related costs and the inclusion of other social service costs, as productivity, emotional and behavioral
disorders related with the loss of a person.

The model attempted to re�ect the relevant outcomes in this type of infection for clinicians and payers,
following the clinical practice of the country using the most frequent treatment and dosage for CRE as the
COL-MEM. Additionally, the study adheres to the recommendations to conduct economic analysis based on
the guidelines established by the Health Technology Assessment Institute in Colombia (i.e. IETS).

The clinical variables used in the model are consistent with other studies. Shields et al. reported better results
of CAZ-AVI in terms of clinical success (85% vs 40%) and 30-day mortality (8% vs 30%) compared to colistin
(10). Likewise, Tumbarello et al. reported lower mortality with CAZ-AVI compared to other regimens as salvage
therapy for CRE infections (36.5% vs 55.8%) (33).

Several limitations must be considered when interpreting the results in this study. The results of this analysis
will be applied only to patients with similar characteristics to those of the population included in this study.
Additionally, the model is based on data from an observational study (which by nature have their own
limitations), due to the lack of randomized trials that re�ect the e�cacy of the comparative treatments.
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Another limitation is related to the long-term quality of life and survival that were extrapolated from the
literature, whose extrapolation goes beyond the 30-day time horizon, which is the study follow-up from which
e�cacy and safety information was obtained. However, this was considered acceptable by clinical experts
given the limited information in the Colombian population, in addition to being widely used in other economic
studies with the same information limitation.

Having made these caveats, it is highlighted that the results found in this study are not far from what was
found in another economic evaluation for this type of patient, where CAZ-AVI is found as a cost-effective
strategy taking into account the thresholds established in the United States (34).

The increase in antimicrobial resistance is a reality (35,36), and given the limited treatment options, there is a
need for new antibiotics in the country. In this case, CAZ-AVI is presented as a therapeutic option for
hospitalized patients with CRE infections, which leads to positive clinical results and decreased antibiotic use,
showing itself as a cost-effective alternative compared to conventional therapy (COL + MEM).

5. Conclusion
The cost-effectiveness model suggests that CAZ-AVI demonstrates an increase in QALYs and reduction in the
cases of deaths, renal failure, and treatment failure, resulting in a cost-effective treatment for CRE infections
compared to colistin-meropenem.

Abbreviations

CAZ-AVI Ceftazidime/avibactam

COL + MEM Colistin in combination with meropenem

CPI Consumer Price Index

CRE Carbapenems-resistant Enterobacteriaceae

DANE National Administrative Department of Statistics

GDP Gross Domestic Product

ICER Incremental cost-effectiveness ratio

ICU Intensive Care Unit

PSA Probabilistic sensitivity analysis

QALY Quality-adjusted life years

SECOP Electronic System for Public Procurement

SOAT Mandatory Tra�c Accident Service
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Figure 2

Acceptability curve


