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1 Foreword

The Clinical and Laboratory Standards Institute (CLSI) is a not-for-profit membership organization that brings together the varied
perspectives and expertise of the worldwide laboratory community for the advancement of a common cause: to foster excellence
in laboratory medicine by developing and implementing medical laboratory standards and guidelines that help laboratories fulfill
their responsibilities with efficiency, effectiveness, and global applicability.

Using the CLSI voluntary consensus process, the Subcommittee on Antimicrobial Susceptibility Testing develops standards that
promote accurate antimicrobial susceptibility testing and appropriate reporting. The subcommittee reviews data from various
sources and studies (eg, in vitro, pharmacokinetic/pharmacodynamic [PK/PD], and clinical studies) to establish antimicrobial
susceptibility test methods, breakpoints, and QC ranges.
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The details of the necessary and recommended data for selecting appropriate breakpoints and QC ranges, as well as how the data
are presented for evaluation, are described in CLSI M23.* CLSI antibacterial breakpoints are provided in CLSI M100* and CLSI M45.2

Over time, a microorganism’s susceptibility to an antimicrobial agent can decrease, resulting in a lack of clinical efficacy and/or
safety. Also, microbiological methods, QC parameters, and the manner in which breakpoints are established might be refined
to ensure more accurate results. Because of these types of changes, CLSI continually monitors and updates information in its
documents. Although CLSI standards and guidelines are developed using the most current information available at the time,
the field of science and medicine is always changing; therefore, standards and guidelines should always be used in conjunction
with clinical judgment, current knowledge, and clinically relevant laboratory test results to guide patient treatment. For more
information, visit www.clsi.org.

This CLSI rationale document is based on data compiled by the CLSI Working Group on Piperacillin-Tazobactam to reassess
piperacillin-tazobactam breakpoints against Pseudomonas aeruginosa.

2 Introduction

Piperacillin-tazobactam is a broad-spectrum B-lactam/B-lactamase inhibitor combination agent widely used in clinical practice
as empiric and/or definitive therapy against gram-negative pathogens, including P. aeruginosa. It is composed of piperacillin, a
ureidopenicillin, and tazobactam, a B-lactamase inhibitor. Piperacillin-tazobactam breakpoints against P. aeruginosa were first
published in CLSI M100% in 1992 and subsequently revised in 2012. Since then, multiple studies using modern PK/PD methods to
assess the probability of target attainment (PTA) with optimized dosing strategies have been published, highlighting low PTA at
minimal inhibitory concentrations (MICs) > 16 pg/mL.* The CLSI Working Group on Piperacillin-Tazobactam reevaluated available
evidence for possible revision of the piperacillin-tazobactam breakpoints against P. aeruginosa in 2022. The historical piperacillin-
tazobactam breakpoints are shown in Table 1.

Table 1. Historical CLSI Piperacillin-Tazobactam Breakpoints Against Pseudomonas aeruginosa

Interpretive Categories and Zone Diameter

Breakpoints, nearest whole mm? Interpretive Categories and MIC Breakpoints, pg/mL
I R S 1 R
1992 >18 - <17 <64/4 - >128/4
2012° >21 1520~ <14 <16/4 32/4-64/4" >28/4
2023 222 18-217 <17 <16/4¢ 32/4 > 64/4

Abbreviations: |, intermediate; MIC, minimal inhibitory concentration; R, resistant; S, susceptible.

Symbol: * designates agents that have the potential to concentrate in urine.

° Disk content 100/10 pg.

®Based on a piperacillin-tazobactam dosage regimen of > 3.375 g given every 6 hours.

¢Based on a piperacillin-tazobactam dosage regimen of 4.5 g every 6 hours as a 30-minute or 3-hour infusion.
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3 Standard Dosages and Pharmacokinetic Data

Table 2 provides the US Food and Drug Administration (FDA)—approved parenteral administration schedule for piperacillin-
tazobactam in adult patients.

Table 2. Recommended Dosage Schedule for Piperacillin-Tazobactam in Adult Patients®*

Creatinine Clearance, mL/min® Nosocomial Pneumonia“¢ All Other Indications®
>40 45gevery6h 3.375gevery6h
20-40 3.375gevery6h 2.25gevery6h
<20 2.25gevery6h 2.25gevery8h
Intermittent hemodialysis® 2.25gevery8h 2.25gevery12h
Continuous ambulatory peritoneal dialysis 2.25gevery8h 2.25gevery12h

Abbreviations: h, hour; min, minute.

° Doses infused over 30 minutes.

® Creatinine clearance for patients not receiving hemodialysis.

¢ Each piperacillin and tazobactam for injection 4.5 g single-dose vial contains an amount of drug sufficient for withdrawal of piperacillin sodium equivalent
to 4 g piperacillin and tazobactam sodium equivalent to 0.5 g tazobactam.

4 Each piperacillin and tazobactam for injection 3.375 g single-dose vial contains an amount of drug sufficient for withdrawal of piperacillin sodium
equivalent to 3 g piperacillin and tazobactam sodium equivalent to 0.375 g tazobactam.

¢ Each piperacillin and tazobactam for injection 2.25 g single-dose vial contains an amount of drug sufficient for withdrawal of piperacillin sodium
equivalent to 2 g piperacillin and tazobactam sodium equivalent to 0.25 g tazobactam.

fA supplemental dose of 0.75 g should be administered following each hemodialysis session on hemodialysis days.

Table 3 shows the most commonly used dosages of piperacillin-tazobactam based on 165 410 prescriptions.

Table 3. Most Commonly Used Piperacillin-Tazobactam Dosages in Adult Patients*®

Dosage Regimen Percentage

4.5 gevery 6 h° 4.5%
4.5 gevery8h 5%
3.375gevery12h 10%
3375 gevery 6 h° 18%
3.375gevery8h 37%

Abbreviation: h, hour.
2 Infusion duration not reported.
® FDA-approved dosage.

4 Minimal Inhibitory Concentration Distribution Data

Aggregate data, including 29 971 MIC observations from 58 distributions, were obtained from the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) (see Figure 1).” An epidemiological cutoff value (ECV or ECOFF) of 16/4 pg/mL was
demonstrated for piperacillin-tazobactam against P. aeruginosa. These data aligned with those obtained from the JMI SENTRY
Surveillance database of 34 667 observations demonstrating a 97.5% ECV of 16/4 pg/mL (see Figure 2).2

Breakpoints set below the ECV reduce the ability of antimicrobial susceptibility testing methods to reliably distinguish

between interpretive categories, potentially leading to unacceptably high error rates (ie, misclassification of susceptible and
nonsusceptible isolates).” Importantly, the P. aeruginosa-specific ECV was one log? dilution higher than the Enterobacterales ECV
and corresponding susceptibility breakpoint of < 8/4 pug/mlL, thereby preventing breakpoint harmonization across these organism
groups (see Figure 2).
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Figure 1. Piperacillin-Tazobactam MIC Distribution Against Pseudomonas aeruginosa.” Blue bars indicate wild-type organisms,

and red bars indicate non-wild-type organisms. (European Committee on Antimicrobial Susceptibility Testing [EUCAST]. MIC and zone diameter
distributions and ECOFFs. Accessed 12 January 2023. https://www.eucast.org/mic_distributions _and_ecoffs/)
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Figure 2. JMI SENTRY Surveillance Database Aggregate Piperacillin-Tazobactam MIC Distribution Against Pseudomonas

aeruginosa® (Data from JMI Laboratories. MVP report of activity of piperacillin-tazobactam against 34,667 Pseudomonas aeruginosa isolates in the SENTRY
program, United States 2012-2022. Accessed 12 January 2023. sentry-mvp.jmilabs.com)

5 Disk Diffusion Zone Diameter Compared With Minimal Inhibitory Concentration Correlates

Data comparing disk diffusion zone diameters with MICs were obtained from the 2012 piperacillin-tazobactam breakpoint
revision against P. aeruginosa and reanalyzed according to tentative 2023 breakpoints. Piperacillin-tazobactam broth microdilution
MICs were compared with 100/10 pg disk zone diameters against 820 isolates of P. aeruginosa. Table 4 shows error rates at
tentative MIC susceptible breakpoints of < 16/4 pg/mL, intermediate breakpoints of 32/4 pg/mL, and resistant breakpoints

of > 64/4 pg/mL. Figure 3 shows error rates of tentative disk zone diameter correlates at susceptible breakpoints of > 22 mm,
intermediate breakpoints of 18 to 21 mm, and resistant breakpoints of < 17 mm. Minor error rates for the > [+2 and < I-2 MIC
ranges as calculated by the error rate—bound method each exceeded the acceptable thresholds of < 5% (see Table 4).1° Disks
showed a tendency to more frequently overcall isolates that were considered susceptible by broth microdilution (n = 33) as
intermediate, compared with undercalling isolates that were resistant by broth microdilution (n = 9) as intermediate. The slight
revision of the susceptible zone diameter from > 21 mm to > 22 mm caused 20 of these minor errors but was made to reduce the
likelihood that disk testing would incorrectly categorize isolates with MICs of 32 pg/mL as susceptible (see Figure 3).
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Table 4. Summary of Error Rates for Piperacillin-Tazobactam 100/10 pg Disks vs MICs at Tentative 2023 Pseudomonas
aeruginosa Breakpoints

Error Rates, n (%)

MIC Range Number of Isolates Very Major Major
> 142 152 0 N/A 26 (17.1)
l+1 166 0 0 51 (30.7)
<=2 222 N/A 0 50 (22.5)
Total 540 0 0 127 (23.5)

Abbreviations: I, intermediate; MIC, minimal inhibitory concentration; N/A, not applicable.
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Figure 3. Disk Diffusion Zone Diameter Correlates to Piperacillin-Tazobactam MICs Against Pseudomonas aeruginosa at Tentative
2023 CLSI Breakpoints. Correlates are based on 820 isolates included in the 2012 CLSI breakpoint revision data. Gray-shaded cells
represent minor errors.

6 Pharmacokinetic/Pharmacodynamic Data

Evaluation of available piperacillin-tazobactam PK/PD data against P. aeruginosa resulted in findings similar to those described for
Enterobacterales,* with some notable differences. First, preclinical data clearly demonstrate that the addition of tazobactam to
piperacillin does not affect the MIC or antibacterial activity or efficacy against P. aeruginosa, allowing pharmacometric

studies to focus on the PTA of piperacillin alone at a threshold of 50% fT,, .**** This > 50% fT,, _threshold is based on the
maximal bactericidal activity of penicillins overall and is supported by preclinical and clinical PK/PD studies of piperacillin against
P. aeruginosa. Although some preclinical in vitro and/or in vivo studies of piperacillin-tazobactam support a target of > 40% fT,, -
for bactericidal activity, all published pharmacometric studies capable of estimating PTA and thereby assisting in breakpoint
revision utilized an fT - threshold of > 50% (see Table 5). A thorough search did not yield primary literature that described
utilization of any target other than 50% T, , outside some clinical studies in critically ill patients targeting 100% fT,, .**°
Also, because the 2012 revision of CLSI M100 (CLSI M100-522) set the susceptibility breakpoint at the ECV of < 16/4 pg/mL,
PK/PD analyses centered around identifying optimal dose-exposure thresholds for the susceptible and intermediate categories.
Doses listed in CLSI M100? indicate the drug exposure at which an MIC breakpoint was determined and are not intended to be
comprehensive dosing recommendations. Given the number of possible piperacillin-tazobactam dosing regimens available, a
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more evidence-based, parsimonious, and/or standard dosage regimen was favored when appropriate (eg, 4.5 g every 8 hours
over 4 hours vs 3.375 g every 6 hours over 4 hours).**2*22 Extended-infusion dosing (over 3 to 4 hours) of the 4.5 g dose every 6 to
8 hours was optimal for achieving > 90% PTA at MICs < 16/4 ug/mL. No dosage regimen demonstrated acceptable PTA at MICs
>32/4 ug/mLin patients with normal renal function (ie, creatinine clearance < 120 mL/min), regardless of study methodology or
infusion duration.

Table 5. Summary of PK/PD Studies Investigating Piperacillin-Tazobactam Achievable MIC Targets for 2 90% PTA at 50% fT

>MIC

Dosage Infusion Time Maximum Achievable MIC, pg/mL

3.375 gevery 6 h?+2328 30 min 8/4
4.5 gevery 8 h?t2* 30 min 8/4
4.5 g every 6 h21.222931 30 min 8/4
4.5 g every 6 h?632 30 min 16/4
3.375 g every 8 h?230:333 4h 8/4
4.5 g every 8 h?21:22:262930 4h 8/4
4.5 g every 8 21202436 4h 16/4
4.5 g every 6 h?122293136 3h 16/4

Abbreviations; h, hour; MIC, minimal inhibitory concentration; min, minute.

7 Clinical Efficacy

Clinical data providing insights into piperacillin-tazobactam MIC correlations with clinical outcomes of patients treated with
piperacillin-tazobactam for P. aeruginosa infections are limited to observational studies. In a study of 34 adults with P. aeruginosa
bacteremia with piperacillin-tazobactam MICs of 32/4 to 64/4 ug/mL, 86% 30-day mortality was observed for patients receiving
piperacillin-tazobactam compared with 22% for patients receiving other antipseudomonal B-lactam agents.?” Piperacillin-
tazobactam dosing used in the study was not provided. None of the patients received extended-infusion piperacillin-tazobactam.

In a study of 170 children with P. geruginosa bacteremia, a 30-day mortality of 24% and 9%, respectively, was demonstrated
in children with piperacillin MICs 32/4 to 64/4 ug/mL and < 16/4 ug/mL.2® Approximately 20% of children received piperacillin
400 mg/kg per day, and the remainder received 300 mg/kg per day. Dosages were equally distributed between the two

MIC categories and were appropriately adjusted for all children with renal impairment. None of the children were prescribed
extended-infusion or continuous-infusion piperacillin. Differences in outcomes by piperacillin dosages were not evaluated.

Athird study in which 78 patients with P. aeruginosa bacteremia or pneumonia were evaluated indicated favorable outcomes in
43% of patients with piperacillin-tazobactam MICs > 32/4 pug/mL compared with 94% of patients with piperacillin-tazobactam
MICs < 16/4 ug/mL>° The microbiological effect after treatment was used to determine the efficacy of various piperacillin-
tazobactam dosing regimens. In 28 of 30 patients with pseudomonal pneumonia receiving piperacillin-tazobactam 4.5 g every

8 hours, the microbiological efficacy was 93% when the MIC was < 16 ug/mL and 50% (5 of 9 patients) and 0% (0 of

3 patients) with MICs 32 pg/mL (P < 0.05) and 64 pg/mL, respectively. In 11 of 11 patients with bacteremia receiving
piperacillin-tazobactam as 4.5 g either three times a day or four times a day, the microbiological efficacy was 100% when the MIC
was < 16 pg/mL and 33% (1 of 3 patients) and 0% (0 of 3 patients) with MICs 32 pg/mLand > 64 pg/mL, respectively.

Finally, a study of 354 episodes of P. aeruginosa bacteremia demonstrated in-hospital mortality of 34% and 21%, respectively,

in patients with piperacillin-tazobactam MICs 32/4 to 64/4 ug/mL and < 16/4 ug/mlL, respectively.*® Dosing of piperacillin-
tazobactam was 4.5 g every 6 hours (23% of patients), 3.375 g every six hours (51% of patients), and = 3.375 g every 8 hours (26%
of patients), all as standard infusions. Differences in outcomes by piperacillin-tazobactam dosing were not evaluated.
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Limitations exist with the available clinical data, including likely selection bias influencing treatment assignment, generally

small sample sizes, and heterogenous piperacillin-tazobactam dosing. Moreover, no studies have investigated the association of
extended-infusion piperacillin-tazobactam on patient outcomes. Although not all studies achieved statistical significance

in demonstrating poorer outcomes for patients infected with P. aeruginosa isolates with piperacillin-tazobactam MICs > 32 ug/mL,
the preponderance of data indicate a clinical failure signal for P. aeruginosa isolates with MICs > 32 pg/mL treated with
piperacillin-tazobactam.

8 Committee Rationale for the Breakpoint

With a combination of the available evidence, PK/PD data indicate that appropriate target attainment with MICs 16/4 pg/mL is
unlikely to be achieved with standard-infusion piperacillin-tazobactam but can be achieved with extended-infusion piperacillin-
tazobactam. PK/PD and clinical outcomes data indicate that MICs >32/4 ug/mL are associated with unacceptably low PTA and
increased mortality. These data led to CLSI recategorizing piperacillin-tazobactam against P. aeruginosa as susceptible for MICs
<16/4 pg/mL, intermediate for MICs 32/4 pg/mL, and resistant for MICs >64/4 pg/mL, based on the dosing shown in Table 5.
Although the 4.5 g every 6 hours dosage regimen can be administered as a standard (30-minute) or extended (3-hour) infusion
for susceptible isolates, based on PK/PD data, the standard infusion is preferred for isolates with an MIC < 8/4 ug/mL and the
extended infusion is preferred for isolates with an MIC 16/4 pg/mL. The intermediate breakpoint of 32/4 pg/mL for piperacillin-
tazobactam against P. aeruginosa is meant only to account for technical variability inherent to susceptibility testing and does
not imply dose-dependent susceptibility. Administration of piperacillin-tazobactam against P. aeruginosa isolates with MIC
32/4 ug/mLis not advised.

9 Final Table Entry
Table 6 shows the final table entry from CLSI M100.

Table 6. Excerpt From CLSI M100? Table 2B-1, Zone Diameter and MIC Breakpoints for Pseudomonas aeruginosa®

Interpretive Categories and Zone Diameter Interpretive Categories and MIC
Breakpoints, nearest whole mm® Breakpoints, pg/mL

Antimicrobial Agent ) |
Piperacillin-tazobactam >22 18-21" <17 <16/4 32/4 > 64/4

Abbreviations: I, intermediate; MIC, minimal inhibitory concentration; R, resistant; S, susceptible.

2 Susceptible breakpoints are based on a dosage regimen of 4.5 g administered every 6 hours over 30 minutes or over 3 hours. Intermediate breakpoints are
only to provide a buffer zone to prevent small uncontrolled technical factors from causing major discrepancies in interpretations.

® Disk content 100/10 pg.

10 Voting Record
MIC breakpoints: approved in January 2022 (11 approved, 2 opposed, 0 abstained, 0 absent).
Disk diffusion zone diameter breakpoints: approved in January 2022 (13 approved, 0 opposed, 0 abstained, 0 absent).
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