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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 quality control (QC) ranges.

The details of the necessary and recommended data for selecting appropriate breakpoints and QC ranges, and how the data are
presented for evaluation, are described in CLSI document M23.1 CLSI antibacterial breakpoints are provided in CLSI documents
M100% and M453
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Over time, a microorganism’s susceptibility to an antimicrobial agent may decrease, resulting in a lack of clinical efficacy and/or
safety at a previously set breakpoint. In addition, microbiological methods, QC parameters, and the manner in which breakpoints
are established may be refined to ensure more accurate results. Because of these 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 for Enterobacterales.

2 A Note on Terminology

As of January 2020, the term Enterobacteriaceae has been replaced with Enterobacterales. For consistency with CLSI document
M100,? Enterobacterales is used in MR14.

3 Introduction

Piperacillin-tazobactam is a broad-spectrum p-lactam combination agent widely used in clinical practice for the treatment of
gram-negative pathogens. It is composed of piperacillin, an ureidopenicillin, and tazobactam, a B-lactamase inhibitor. Piperacillin-
tazobactam breakpoints were first published in CLSI document M100? in 1992. Over the next 30 years, the spectrum of
[-lactamases found in Enterobacterales expanded to include those that are inhibited by tazobactam (eg, TEM, SHV, and CTX-M
extended-spectrum B-lactamases [ESBLs]) and those that are poorly inhibited by tazobactam (eg, OXA-1 and OXA-30).* In addition,
over the past two decades, multiple studies using modern methods of PK/PD evaluation assessing predictable target attainment
with optimized dosing strategies have been published, highlighting low probability of target attainment (PTA) for existing
breakpoints. Lastly, a recent randomized controlled trial demonstrated clinical failure of piperacillin-tazobactam at minimal
inhibitory concentrations (MICs) > 16 pg/mL2> This shift in epidemiology, coupled with mounting PK/PD and clinical outcome
data, demonstrated the need to re-evaluate the breakpoints. The CLSI Working Group on Piperacillin-Tazobactam was convened
to evaluate available evidence and possible revision of the piperacillin-tazobactam breakpoints for Enterobacterales. The historical
piperacillin-tazobactam breakpoints are shown in Table 1.

Table 1. Historical CLSI Piperacillin-Tazobactam Breakpoints?

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

Group Organism Group
B Enterobacterales >21 18-20" <17 <16/4 32/4—64/4" >128/4

Abbreviations: |, intermediate; MIC, minimal inhibitory concentration; R, resistant; S, susceptible.
Symbol: #, designation for agents that have the potential to concentrate in the urine.

2 Last published in CLSI document M100, 31st ed.

® Disk content 100/10 pg.
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4 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®

All Indications (except

Renal Function nosocomial pneumonia)*®  Nosocomial Pneumonia*®<
CrCl > 40 mL/min 3.375gevery6h 45gevery6h
CrCl 2040 mL/min¢ 2.25gevery6h 3.375gevery 6 h
CrCl < 20 mL/min¢ 2.25gevery8h 2.25gevery6h
Hemodialysis® 2.25gevery12h 2.25gevery8h
Continuous ambulatory peritoneal dialysis 2.25gevery12h 2.25gevery8h

Abbreviations: CrCl, creatinine clearance; h, hour; min, minute.

2 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 of piperacillin and tazobactam sodium equivalent to 0.375 g of 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 of piperacillin and tazobactam sodium equivalent to 0.25 g of tazobactam.

¢ 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 of piperacillin and tazobactam sodium equivalent to 0.5 g of tazobactam.

4 CrCl for patients not receiving hemodialysis.

¢0.75 g should be administered following each hemodialysis session on hemodialysis days.

Table 3 shows the standard dosages of piperacillin-tazobactam based on 165 410 prescriptions.

Table 3. Standard Piperacillin-Tazobactam Dosages®’

Dosage Regimen Percentage

3.375gevery8h 37%

3375 gevery 6 h° 18%

3.375gevery12h 10%
45gevery8h 5%
4.5 gevery 6 h° 4.5%

Abbreviation: h, hour.
®Based on 165 410 prescriptions.
® FDA-approved dosage.
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5 Minimal Inhibitory Concentration Distribution Data

Epidemiological cutoff value (ECV) data were obtained from the European Committee on Antimicrobial Susceptibility Testing for
Escherichia coli and Klebsiella pneumoniae (see Figures 1 and 2).2 An ECV of 8 ug/mL was demonstrated for both organisms, with
the wild-type organism demonstrating an ECV of < 8 pg/mL (in Figures 1 and 2, the blue bars indicate the wild-type organisms,
and the red bars indicate the non-wild-type organisms).

40

20

Microorganisms, % (weighted numbers)

0.002 0.004 0.008 0.016 0.03 0.06 0.125 0.25 0.5 1 2 4 8 16 32 64 128 256 512

MIC, pg/mL®

Abbreviation: MIC, minimal inhibitory concentration.

? Based on aggregated distributions where each distribution has equal weight, ie, individual distributions were converted to percentages of their individual
total and then aggregated.
® MIC distributions include collated data from multiple sources, geographical areas, and time periods and can never be used to infer rates of resistance.

Figure 1. Piperacillin-Tazobactam MIC Distribution for Escherichia coli*® 51 795 observations from 83 data sources were used

to determine the ECV of 8 pg/mL. The wild-type organism ECV is < 8 pg/mL. (MIC and zone diameter distributions and ECOFFs. European
Committee on Antimicrobial Susceptibility Testing. Accessed 15 April 2021. https://www.eucast.org/mic_distributions_and_ecoffs/)
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Abbreviation: MIC, minimal inhibitory concentration.

?Based on aggregated distributions where each distribution has equal weight, ie, individual distributions were converted to percentages of their individual
total and then aggregated.

® MIC distributions include collated data from multiple sources, geographical areas, and time periods and can never be used to infer rates of resistance.

Figure 2. Piperacillin-Tazobactam MIC Distribution for Klebsiella pneumoniae.*® 21 555 observations from 77 data sources were

used to determine the ECV of 8 pg/mL. The wild-type organism ECV is < 8 pg/mL. (MIC and zone diameter distributions and ECOFFs.
European Committee on Antimicrobial Susceptibility Testing. Accessed 15 April 2021. https://www.eucast.org/mic_distributions_and ecoffs/)

Three hundred twenty isolates from the MERINO trial (see Section 8) were evaluated for piperacillin-tazobactam MIC and
resistome data generated by whole-genome sequencing.? Isolates that harbored an OXA narrow-spectrum penicillinase had a
higher modal MIC to piperacillin-tazobactam than isolates without these genes (8 pg/mLvs 2 pg/mL, P < 0.001) (see Figure 3).

The prevalence of the OXA enzymes evaluated in surveillance isolates collected by JMI Laboratories from 2016 to 2018
demonstrated that 37.4% of US E. coli and K. pneumoniae isolates (n = 1513) with MICs > 1 pg/mL against ceftazidime, ceftriaxone,
or aztreonam harbored OXA-1 or OXA-30 genes. Outside the United States, prevalence was 29.5% in the Asia-Pacific region (n =
424),42.1% in Europe (n = 1278), and 33.4% in Latin America (n = 554) (M. Castanheira, PhD [e-mail communication, June 2019]).
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Figure 3. Piperacillin-Tazobactam MIC Distribution for Escherichia coli and Klebsiella pneumoniae Isolated in the MERINO Trial°®
(Modified from Henderson A, Paterson DL, Chatfield MD, et al. Association between minimum inhibitory concentration, beta-lactamase genes and mortality
for patients treated with piperacillin/tazobactam or meropenem from the MERINO study. Clin Infect Dis. 2021;73(11):e3842-e3850, by permission of Oxford
University Press.)

6 Disk Diffusion Zone Diameter Correlates

No contemporary data comparing disk diffusion zone diameters with MICs were available for analysis. Isolate data from the
original 1992 piperacillin-tazobactam disk diffusion to MIC correlates (n = 622) (see Additional Resources) were combined with
data from International Health Management Associates (IHMA) in 2004 (n = 632) (see Additional Resources). The newer data
were enriched for isolates producing ESBLs, including 199 E. coli isolates (48.2% ESBL positive), 277 K. pneumoniae isolates (55.2%
ESBL positive), and 156 Enterobacter spp. isolates (17.3% ESBL positive). A summary of the error rates that were obtained when
disk diffusion zone diameters were compared with MICs is shown in Table 4. Tentative disk diffusion zone diameter correlates
were established for 100/10-ug piperacillin-tazobactam disks, ie, susceptible breakpoint of > 25 mm, susceptible-dose dependent
breakpoint of 21 to 24 mm, and resistant breakpoint of < 20 mm (see Figure 4).

Table 4. Summary of Error Rates Obtained for Piperacillin-Tazobactam vs Piperacillin-Tazobactam MICs at the Disk* and MIC
Breakpoints Against Enterobacterales Isolates®

Error Rates

MIC Range Number of Isolates Very Major (%) Major (%) Minor (%)

> 42 267 6(2.2) N/A 36 (13.4)

I+1 to I-1 318 4(1.6) 4(1.3) 97 (30.5)

) 667 N/A 9(13) 83 (12.4)

Total 1252 10 (3.3) 13 (1.5) 216 (17.3)

Abbreviation: |, intermediate.
2 Disk content 100/10 pg.
b See Additional Resources for Table 4 source material.
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Abbreviation: MIC, minimal inhibitory concentration.
2 Disk content 100/10 pg.
®See Additional Resources for Figure 4 source material.

Figure 4. Disk Diffusion Zone Diameter Correlates to Piperacillin-Tazobactam MICs*®

7 Pharmacokinetic and Pharmacodynamic Data

An extensive literature search was performed to summarize the PD data for piperacillin-tazobactam. Studies using population PK

and/or Monte Carlo simulations evaluating standard and/or extended-infusion piperacillin-tazobactam administration in patients
with normal renal function (creatinine clearance [CrCl] < 120 mL/min) generally demonstrated a > 90% PTA using a 50% f T,  (
the percentage of time during a dosing interval that free-drug concentration remains above the MIC) at MICs of 8 pg/mL with

standard infusion times, or 16 ug/mL with extended infusion times (see Table 5).

ie,

Table 5. Summary of Studies Investigating Piperacillin-Tazobactam PK and PD Data
Dosage Infusion Time MIC With 2 90% PTA?

3.375gevery6h 30 min <8 pg/mLot2
45gevery6h 30 min <8 pg/mLr2*
3.375gevery 8h 4h <8 pg/mLt
4.5gevery8h 4h <8 pg/mL21s
45gevery8h 4h <16 pg/mlL12141718
4.5gevery6h 3h <16 pg/mLr21318.
Abbreviations: h, hour; MIC, minimal inhibitory concentration; min, minute; PD, pharmacodynamic; PK, pharmacokinetic; PTA, probability of target

attainment.

2Usinga 50% fT,,, ; no study demonstrated that an MIC > 16 ug/mL was achievable with normal renal function, regardless of methodology, dosage, or
infusion time.

8 Clinical Efficacy

Observational clinical outcome studies evaluating the effectiveness of piperacillin-tazobactam for the treatment of
ESBL-producing bloodstream infections have had discrepant results. The MERINO clinical trial was the first randomized controlled
trial that investigated this question. The trial was terminated early after finding significantly higher mortality by day 30 for
patients receiving piperacillin-tazobactam compared with patients receiving meropenem.> A secondary data analysis of MERINO
trial information found that poor clinical outcomes were particularly associated with piperacillin-tazobactam MICs > 16 pg/mL.°

In follow-up studies, the correlation between reference broth microdilution—derived piperacillin-tazobactam MICs and mortality
for patients in the piperacillin-tazobactam arm of the trial was evaluated. An MIC > 16 pg/mL was associated with an adjusted
odds ratio of 14.9 (95% confidence interval of 2.8 to 87.2, P = 0.002) for mortality at day 30.° Classification and regression tree
analysis also demonstrated an association between 30-day mortality and isolates with MICs > 16 pg/mL. In this analysis, 30-day
mortality was observed in 50% of patients with isolates having piperacillin-tazobactam MICs > 16 pg/mL vs 9% of patients with
isolates having piperacillin-tazobactam MICs below this value.’
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9 Committee Rationale for the Breakpoint

The committee consensus was that strong clinical and contemporary PK/PD data support the revised breakpoint. Although
several testing issues have been documented for piperacillin-tazobactam, well-controlled studies and current formulations of
tests appear to correlate well with reference broth microdilution MICs.?*?* Nonetheless, the committee expressed concern about
the precision of MIC testing, opting for a more conservative susceptible breakpoint of 8 pg/mL over 16 pg/mL, because of the
extensive testing challenges associated with piperacillin-tazobactam. Based on available PK/PD data demonstrating an improved
likelihood of appropriate target attainment for piperacillin-tazobactam MICs of 16 pg/mL with extended-infusion strategies, a
susceptible-dose dependent category was selected over an intermediate category for piperacillin-tazobactam MICs of 16 pg/mL.
Although limited data exist for other Enterobacterales species beyond E. coli and K. pneumoniae, the committee chose to extend
these interpretive categories to all Enterobacterales, in the absence of data demonstrating these breakpoints would not apply to
other species.

10 Final Table Entry

Table 6 includes the final table entry from CLSI document M100.? Zone diameter correlates were established for piperacillin-
tazobactam using standard error rate—bounded methods (see CLSI documents M23* and M0722).

Table 6. Excerpt From CLSI document M100? Table 2A, Zone Diameter and MIC Breakpoints for Enterobacterales®

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

Report
Group Antimicrobial Agent ) SDD SDD R

B Piperacillin-tazobactam > 25 2124 <20 <8/4 16/4 >32/4

Abbreviations: MIC, minimal inhibitory concentration; R, resistant; S, susceptible, SDD, susceptible-dose dependent.

2 Breakpoints for susceptible are based on a dosage regimen of 3.375-4.5 g administered every 6 hours as a 30-minute infusion. Breakpoints for SDD are
based on a dosage regimen of 4.5 g administered every 6 hours as a 3-hour infusion or 4.5 g administered every 8 hours as a 4-hour infusion.

® Disk content 100/10 pg.

11 Voting Record

MIC breakpoints: approved in June 2021 (11 approved, 0 opposed, 1 abstained, 1 absent).

Disk diffusion zone diameter breakpoints: approved in June 2021 (10 approved, 2 opposed, 0 abstained, 1 absent).
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