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Abstract

Background: In the hospital setting,
cefepime (CFP) and piperacillin/tazobactam
(PTZ) are among the most commonly
utilized antipseudomonal agents in the
empiric treatment of nosocomial and
healthcare-associated infections.
Institutional preference of CFP or PTZ as
the preferred antipseudomonal antibiotic
varies. Recent literature suggests each may
be associated with increased rates of
harmful adverse effects including
Clostridiodes difficile infection (CDI) and
acute kidney injury (AKI). The objective of
this study is to perform a
pharmacoeconomic analysis comparing
CFP versus PTZ for empiric antibiotic
treatment in patients where Pseudomonas
aeruginosa is a concern.

Methods: We performed a cost-utility
analysis comparing vancomycin plus CFP
(VCFP) and vancomycin plus PTZ (VPTZ)
for empiric utilization in the hospital setting
by creating a decision analytic model from
the hospital perspective. Model variables
were populated utilizing published clinical
and economic data including incidence of
AKI and CDI, their associated costs and
mortality, and the cost of antibiotic therapy.
Secondary and univariate sensitivity
analyses tested the impact of model
uncertainties and the robustness of our
model. A willingness to pay (WTP) threshold
of $0 was utilized.

Results: Results of our base-case model
predicted that the use of CFP dominated
PTZ as the empiric antipseudomonal agent,
was less expensive ($7,690 vs. $9,331) and
associated with a higher quality-adjusted
life-year (QALY) (0.9193 vs. 0.9191)
compared to the use of PTZ. Several
variables had the potential to impact base
case results. PTZ became cost-effective at
our WTP threshold if VCFP nephrotoxicity
rates increased to 17.3%, the VPTZ
nephrotoxicity rates decreased to 28.5%, or
if the cost of nephrotoxicity was less than
$17,457. No other model variables,
including incidence of CDI, impacted base
case results.

Conclusion: Results of our model showed
that VCFP dominated VPTZ for the empiric
treatment of nosocomial infections. The
model was sensitive to variation in VCFP
and VPTZ nephrotoxicity rates.
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Introduction

0 Pseudomonas aeruginosa is one of the most common gram-negative bacterial
causes of health care-associated infections
= Accounts for approximately 10% of all nosocomial infections’

O In the hospital setting, cefepime (CFP) and piperacillin/tazobactam (PTZ) are the
most frequently used anti-pseudomonal agents in an empiric therapy regimen for
nosocomial and health care-associated infections?

=  Commonly utilized in combination with vancomycin for empiric coverage of
methicillin-resistant Staphylococcus aureus (MRSA)
- Vancomycin + cefepime (VCFP)
- Vancomycin + piperacillin/tazobactam (VPTZ)

O The Centers for Disease Control and Prevention (CDC) lists third/fourth-generation
cephalosporins, including CFP, among the antibiotics at highest risk for causing
Clostridiodes difficile infection (CDI)3

O Studies have found a significantly higher incidence of acute kidney injury (AKI)
among patients receiving VPTZ as compared to those receiving VCFP46

O Although both CFP and PTZ are effective against P. aeruginosa, adverse effects
such as CDI and AKI could result in longer hospital stays, increased healthcare
costs, and decreased patient quality of life*10

O Study Design: cost-utility analysis utilizing the creation of a decision analytic model

O Objective: compare VCFP versus VPTZ for empiric antibiotic treatment in patients
where Pseudomonas aeruginosa is a concern

O Perspective: analysis performed from the hospital perspective
O Primary Analysis: incremental cost/quality adjusted life years (QALYS)

O Secondary Analyses: univariate sensitivity analyses and probabilistic sensitivity
analyses with 10,000 Monte Carlo Simulations
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Figure 1. Decision Analytic Model

Table 1. Decision Analytic Model Variables

Variable

COSTS

Cefepime (per day)"

Base-Case

Piperacillin-tazobactam (per day)"!

Antibiotic duration (days)'?

AKI™3

CD|14,15

PROBABILITIES

Cefepime

Nephrotoxicity
(+vancomycin)'6-20

CDI’

Piperacillin-Tazobactam

Nephrotoxicity
(+vancomycin)'6-20

CDI”

UTILITIES

Quality-adjusted life years

CDI?

Nephrotoxicity?223

Survival?425

Value

Range

29 1-100
44 1-100
7 1-21
11,453 0-50,000
6,698 0-50,000
0.14 0-0.29
0.07 0-0.36
0.35 0-0.65
0.03 0-0.24
0.42 0-1
0.7 0-1
0.92 0.5-1

0.65

0.4875

0.325

0.1625

Probability of PTZ Nephrotoxicity
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Figure 2. Sensitivity Analysis Comparing Variations in VCFP CDI incidence with VPTZ
Nephrotoxicity Incidence

Conclusion

U Our model suggests that VCFP was cost-effective when compared with VPTZ for the empiric
therapy of nosocomial and healthcare-associated infections where P. aeruginosa is a concern

U The model was sensitive to variation in VCFP and VPTZ nephrotoxicity rates

O While the extent of differences between regimens will continue to be analyzed and further
high-quality information will likely emerge, results of our analysis provide decision makers
with additional information on which to base their decision for the choice of preferred
antipseudomonal B-lactam therapy
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Table 2. Cost-effectiveness of VCFP versus VPTZ Treatment

Strategies*
Strate Cost, $ Incremental Effect Incremental Incremental C/E
9y ’ Cost, $ (QALY) Effect (QALY) (ICER)
Base case
(Cost/QALY) QALY
Cefepime 7,690 0.91928
Piperacillin/ | g 544 1,641 0.91906 -0.00022 Dominated
tazobactam

"Calculations for cost-effectiveness were performed by taking the incremental cost (difference
between costs of compared strategies) divided by the incremental effectiveness (difference
between the effectiveness of the compared strategies)

O Univariate sensitivity analyses: Piperacillin/tazobactam became
cost effective at our WTP threshold of $0 if:

= VCFP nephrotoxicity rate 1 from 14% to 17.3%
= VPTZ nephrotoxicity rate | from 35% to 28.5%

= Cost of nephrotoxicity was less than $17,457

1.
2.
3.

4.

10.

1.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gaynes R, Edwards JR. Overview of nosocomial infections caused by gram-negative bacilli. Clin Infect Dis. 2005 Sep 15; 41:848-54.

Bassetti M, Vena A, Croxatto A, et al. How to manage Pseudomonas aeruginosa infections. Drugs Context. 2018; 7:212527.

Centers for Disease Control and Prevention. FAQs for Clinicians about C. diff. https://www.cdc.gov/cdiff/clinicians/fag.html. Updated July 10,
2019. Accessed September 2, 2020.

Mullins BP, Kramer CJ, Bartel BJ, et al. Comparison of the Nephrotoxicity of Vancomycin in Combination With Cefepime, Meropenem, or
Piperacillin/Tazobactam: A Prospective, Multicenter Study. Ann Pharmacother. 2018; 52:639-644.

Gomes DM, Smotherman C, Birch A, et al. Comparison of acute kidney injury during treatment with vancomycin in combination with piperacillin-
tazobactam or cefepime. Pharmacotherapy. 2014; 34:662-9.

Kadomura S, Takekuma Y, Sato Y, et al. Higher incidence of acute kidney injury in patients treated with piperacillin/tazobactam than in patients
treated with cefepime: a single-center retrospective cohort study. J Pharm Health Care Sci. 2019; 5:13.

Bow EJ, Rotstein C, Noskin GA, et al. Randomized, open-label, multicenter comparative study of the efficacy and safety of piperacillin-tazobactam
and cefepime for the empirical treatment of febrile neutropenic episodes in patients with hematologic malignancies. Clin Infect Dis. 2006 Aug 15;
43:447-59.

Watson T, Hickok J, Fraker S, et al. Evaluating the Risk Factors for Hospital-Onset Clostridium difficile Infections in a Large Healthcare System.
Clin Infect Dis. 2018; 66:1957-1959.

McDonald LC, Gerding DN, Johnson S, et al. Clinical Practice Guidelines for Clostridium difficile Infection in Adults and Children: 2017 Update by
the Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA). Clin Infect Dis. 2018; 66:987-994.
Slimings C, Riley TV. Antibiotics and hospital-acquired Clostridium difficile infection: update of systematic review and meta-analysis. J Antimicrob
Chemother. 2014; 69:881-91.

IBM Micromedex RED BOOK [Internet]. IBM Watson Health, an IBM Company; c2017. https://www.ibm.com/us-en/marketplace/micromedex-red-
book Accessed Dec 30, 2019.

Kalil AC, Metersky ML, Klompas M, et al. Management of Adults With Hospital-acquired and Ventilator-associated Pneumonia: 2016 Clinical
Practice Guidelines by the Infectious Diseases Society of America and the American Thoracic Society. Clin Infect Dis. 2016; 63:e61-e111.

Silver SA, Long J, Zheng Y, Chertow GM. Cost of Acute Kidney Injury in Hospitalized Patients. J Hosp Med. 2017; 12:70-76.

Kast RE, Grabow CM, Fitch ML, et al. Financial cost, length of stay, and patient experience associated with healthcare associated infections
across a 48 hospital network. Abstract presented at IDWeek 2018. San Francisco, CA; 2018 Oct 3-7.

Lucado J, Gould C, Elixhauser A. Statistical Brief #124: Healthcare Cost and Utilization Project (HCUP) Clostridium difficile infections (CDI) in
hospital stays, 2009. https://www.hcup-us.ahrq.gov/reports/statbriefs/sb124.jsp Published January 2012. Accessed September 2, 2020.

Giuliano CA, Patel CR, Kale-Pradhan PB. Is the Combination of Piperacillin-Tazobactam and Vancomycin Associated with Development of Acute
Kidney Injury? A Meta-analysis. Pharmacotherapy. 2016; 36:1217-1228.

Chen XY, Xu RX, Zhou X, Liu Y, Hu CY, Xie XF. Acute kidney injury associated with concomitant vancomycin and piperacillin/tazobactam
administration: a systematic review and meta-analysis. Int Urol Nephrol. 2018; 50:2019-2026.

Hammond DA, Smith MN, Li C, Hayes SM, Lusardi K, Bookstaver PB. Systematic Review and Meta-Analysis of Acute Kidney Injury Associated
with Concomitant Vancomycin and Piperacillin/tazobactam. Clin Infect Dis. 2017; 64:666-674.

Luther MK, Timbrook TT, Caffrey AR, Dosa D, Lodise TP, LaPlante KL. Vancomycin Plus Piperacillin-Tazobactam and Acute Kidney Injury in
Adults: A Systematic Review and Meta-Analysis. Crit Care Med. 2018; 46:12-20.

Watkins RR, Deresinski S. Increasing Evidence of the Nephrotoxicity of Piperacillin/Tazobactam and Vancomycin Combination Therapy-What Is
the Clinician to Do?. Clin Infect Dis. 2017; 65:2137-2143.

Wilcox MH, Ahir H, Coia JE, Dogson A, Hopkins S, Llewlyn MJ, Settle C, Mclain-Smith S, Marcella SW. Impact of recurrent Clostridium

difficile infection: hospitalization and patient quality of life. J Antimicrob Chemother. 2017; 72:2647-56.

Liem YS, Bosch JL, Hunink MG. Preference-based quality of life of patients on renal replacement therapy: a systematic review and meta-analysis.
Value Health 2008; 11:733-741.

Wyld M, Morton RL, Hayen A, Howard K, Webster AC. A systematic review and meta-analysis of utility-based quality of life in chronic kidney
disease treatments. PLoS Med 2012; 9:e1001307.

Shorr AF, Susla GM, Kollef MH. Linezolid for treatment of ventilator-associated pneumonia: a cost-effective alternative to vancomycin. Crit Care
Med. 2004; 32:137-143.

Angus DC, Linde-Zwirble WT, Clermont G, et al. Cost-effectiveness of drotrecogin alfa (activated) in the treatment of severe sepsis. Crit Care Med
2003; 31:1-11.



