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Background: The role of piperacillin/tazobactam for treatment of serious infections due to AmpC-producing or-
ganisms remains debatable, particularly in immunocompromised patients.

Methods: This was a retrospective cohort study in immunocompromised patients that investigated the effect of
definitive treatment with either piperacillin/tazobactam versus cefepime or carbapenems for bacteraemia
caused by cefoxitin-non-susceptible Enterobacterales. The primary endpoint was a composite of clinical and
microbiological failure. A logistic regression model was constructed to assess the impact of definitive treatment
choice on the primary endpoint.

Results: A total of 81 immunocompromised patients with blood cultures positive for cefoxitin-non-susceptible
Enterobacterales were included for analysis. There was more microbiological failure in the piperacillin/tazobac-
tam arm compared with the cefepime/carbapenem arm (11.4% versus 0.0%, P=0.019). Definitive treatment
with cefepime or a carbapenem was associated with a decreased odds of clinical or microbiological failure
(OR 0.303, 95% CI 0.093-0.991, P=0.048) when controlling for baseline characteristics.

Conclusions: In immunocompromised patients with bacteraemia due to cefoxitin-non-susceptible
Enterobacterales, definitive treatment with piperacillin/tazobactam was associated with an increased risk of micro-
biological failure and higher odds of clinical or microbiological failure compared with cefepime or carbapenems.

Background

Several members of the Enterobacterales order (such as
Enterobacter cloacae, Klebsiella aerogenes, Citrobacter freundii,
Serratia marcescens and Morganella morganii) can produce
AmpC B-lactamases that cause antibiotic resistance.’™
Cefepime and carbapenems are often preferred to treat serious
infections due to AmpC-producing organisms; however, the
role of piperacillin/tazobactam is controversial due to its limited
ability to inhibit AmpC p-lactamases.>*>

Guidance from the IDSA suggests ‘caution if prescribing
piperacillin-tazobactam for serious infections caused by

organisms at high risk of significant AmpC production’ and that
the preferred antibiotic should be cefepime or a carbapenem.®
A recent pilot, randomized trial, albeit limited by lack of power,
identified no difference in clinical failure, but a signal of increased
microbiological failure with piperacillin/tazobactam when com-
pared with meropenem.” Observational studies have been
mixed, with some identifying increased mortality with piperacil-
lin/tazobactam when compared with carbapenems®® and others
finding no difference in clinical outcomes.%*!
Immunocompromised patients have an increased risk of de-
veloping Gram-negative bacteraemia and worse outcomes com-
pared with non-immunocompromised hosts.'?7'® There are
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insufficient data to describe treatment outcomes of bacteraemia
due to AmpC-producing organisms in this vulnerable population.
The purpose of this study was to compare clinical and microbio-
logical outcomes in significantly immunocompromised patients
with cefoxitin-non-susceptible Enterobacterales bacteraemia
when definitively treated with piperacillin/tazobactam versus
cefepime or a carbapenem.

Methods

Ethics

This study did not include factors necessitating patient consent.
Individual informed consent was waived. This study protocol was ap-
proved by the Stanford University review board (#58441).

Study population and design

This was a retrospective, single-center study conducted from January 2016
to December 2021 at Stanford Health Care. Immunocompromised patients
>18 years old with a blood culture growing cefoxitin-non-susceptible
Enterobacterales that was phenotypically susceptible to ceftriaxone,
piperacillin/tazobactam, cefepime and carbapenems were included. The
first positive blood culture for each patient within the study timeframe
meeting these criteria was defined as the index culture. Patients included
were definitively treated with either piperacillin/tazobactam, cefepime or
a carbapenem, defined as the predominant antibiotic used within seven
calendar days after the index culture. Immunocompromised was defined
as: receipt of chemotherapy or an anti-TNF or anti-CD20 monoclonal anti-
body within 90 days, treatment with high-dose corticosteroids (20 mgdaily
prednisone or equivalent for >14 days), treatment with an immunosup-
pressive agent (i.e. tacrolimus, methotrexate, cyclosporine, mycopheno-
late), severe neutropenia (absolute neutrophil count <500 cells/mm?3),
(D4 <200 cells/mm? or an AIDS-defining condition, or history of leukaemig,
lymphoma, solid organ transplant or bone marrow transplant. Patients
were excluded if they had polymicrobial bacteraemia (excluding
coagulase-negative staphylococci), died within 72 h of the index culture,
received antibiotics active against the index culture at an outside facility,
or were pregnant or incarcerated. Antibiotic susceptibility data were deter-
mined directly from the bottle by the Vitek 2 System (bioMérieux) or
MicroScan WalkAway plus system (Beckman Coulter, Brea, CA, USA) per
standard operating procedures.’

Endpoints

The primary endpoint was a composite of clinical and microbiological fail-
ure, defined by having at least one of the following: in-hospital 30-day
mortality, a WBC count >12 000 cells/mm? on days 5-7, a maximum tem-
perature >38°C on days 5-7, microbiological failure on days 3-5 (blood cul-
ture with the organism identified on index culture) or microbiological
relapse on days 5-30 (growth from any sterile site with the organism iden-
tified on index culture). Secondary endpoints included hospital length of
stay, ICU length of stay and development of Clostridioides difficile infection.

Statistical analysis

Descriptive analyses were performed for the piperacillin/tazobactam and
cefepime/carbapenem arms. Demographics and endpoints were com-
pared using independent t-test for continuous data and chi-square test
for categorical data. Logistic regression was used to evaluate impact of
definitive treatment on the primary endpoint and was followed by an a
priori model based on previously published factors associated with out-
comes (sex, age, Charlson comorbidity index, Pitt bacteraemia score,
and index culture with an organism at moderate-to-high risk of clinically
significant AmpC production). Results from the regression were presented

as the OR with its corresponding 95% CI. P values <0.05 were considered
statistically significant. All analyses were performed using Stata 15 SE
(StatCorp, LLC, College Station, TX, USA).

Results

Demographics

A total of 97 immunocompromised patients with blood cul-
tures positive for cefoxitin-non-susceptible Enterobacterales
were identified during the study period and 81 patients were
included for analysis (piperacillin/tazobactam, n=35; cefepime/
carbapenem, n=46) (Supplementary Figure S1; available as
Supplementary data at JAC Online). Baseline characteristics are
listed in Table 1. The cefepime/carbapenem arm had higher
mean Pitt bacteraemia scores (2.2 versus 0.9, P=0.042) and rates
of severe neutropenia (32.6% versus 8.6%, P=0.010) compared
with the piperacillin/tazobactam arm. Otherwise, demographics
between the two arms were well balanced (Table 1).

Endpoints

Seventeen (48.6%) patients in the piperacillin/tazobactam arm had
clinical or microbiological failure compared with 17 (37.0%) within
the cefepime/carbapenem arm (P=0.294) (Table 1). There
were no differences in components of the composite primary
endpoint, except for microbiological failure, which was higher
in the piperacillin/tazobactam arm compared with the cefe-
pime/carbapenem arm (11.4% versus 0.0%, P=0.019). Details
for patients with microbiological failure are in Supplementary
Tables S1 and S2.

The logistic regression showed that definitive treatment with
cefepime or a carbapenem was associated with a decreased
odds of clinical or microbiological failure (OR 0.303, 95% CI
0.093-0.991, P=0.048) when controlling for baseline character-
istics. Age was associated with increased odds of clinical or
microbiological failure (OR 1.070, 95% CI 1.014-1.129, P=
0.014). The other covariates in the analysis were not significantly
associated with the primary endpoint (Figure 1).

There were no differences reported in the secondary end-
points (Table 1).

Discussion

In this study of piperacillin/tazobactam versus cefepime or car-
bapenems for cefoxitin-non-susceptible Enterobacterales bac-
teraemia in immunocompromised patients, we found an
association between definitive piperacillin/tazobactam treat-
ment and poorer clinical and microbiological outcomes, when
compared with treatment with cefepime or carbapenems. This
association was driven primarily by increased microbiological fail-
ure. These observations align with those of the MERINO 2 trial,
which found that piperacillin/tazobactam was associated with
a higher risk of microbiological failure.” Paradoxically, although
patients in the cefepime/carbapenem arm had higher mean
Pitt bacteraemia scores and rates of severe neutropenia, there
were still lower rates of microbiological failure in this cohort, po-
tentially strengthening these conclusions.

Whether this increased risk of microbiological failure has a clin-
ical impact is debatable. Persistent Gram-negative bacteraemia
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Table 1. Demographics and endpoints

Characteristic Piperacillin-tazobactam (n=35) Cefepime or carbapenem (n=46) P value
Male, n (%) 24 (68.6) 35(76.1) 0.451
Age (years), mean (SD) 61.7 (12.9) 64.9 (13.8) 0.277
BMI (kg/m?), mean (SD) 25.7 (4.5) 26.2 (5.8) 0.637
CrCl (mg/dL), mean (SD) 97.7 (50.7) 97.6 (77.4) 0.993
B-Lactam allergy, n (%) 3 (8.6) 11 (23.9) 0.07
ICU admission, n (%) 9 (25.7) 16 (34.8) 0.381
Renal replacement therapy?, n (%) 2(5.7) 1(2.2) 0.403
History of MDRO®, n (%) 4(11.4) 1(2.2) 0.086
Charlson comorbidity index, mean (SD) 6.4 (3.0) 5.7 (2.3) 0.304
Intravenous vasopressor?, n (%) 5(14.3) 13 (28.3) 0.134
Mechanical ventilation?, n (%) 4 (11.4) 8 (17.4) 0.454
Pitt bacteraemia score, mean (SD) 0.9 (1.9) 2.2 (3.3) 0.042
Infectious diseases consult, n (%) 17 (48.6) 25 (54.4) 0.606
Immunocompromised criteria, n (%)
Chemotherapy 17 (48.6) 23 (50.0) 0.899
High-dose corticosteroids® 1(2.9) 1(2.2) 0.844
Immunosuppressive drug® 9(22.9) O (22.2) 0.946
Severe neutropenia® 3(8.6) 5(32.6) 0.010
Solid organ transplant 4(11.4) 3 (6.5) 0.436
Bone marrow transplant 1(2.9) 7(15.2) 0.065
Leukaemia/lymphoma 7 (20.0) 17 (37.0) 0.098
Organism, n (%)
Moderate-high risk 6 (74.3) 32 (69.6)
Enterobacter cloacae 9 (54.3) 27 (58.7)
Citrobacter freundii 2 (5.7) 3 (6.5) 0.661
Klebsiella aerogenes 5(14.3) 2 (4.4) ’
Low risk 9 (25.7) 14 (30.4)
Serratia marcescens 9 (25.7) 13 (28.3)
Morganella morganii 0 (0.0) 1(2.2)
Bacteraemia source, n (%)
Urinary tract infection 7 (20.0) 3 (6.5)
Intra-abdominal 16 (45.7) 23 (50.0)
Vascular catheter-related 2 (5.7) 3(6.5)
Surgical site 2 (5.7) 1(2.2) 043
Pneumonia 3 (8.6) 2 (4.4) '
Mucositis/neutropenia 2 (5.7) 9(19.6)
Musculoskeletal 0 (0) 1(2.2)
Skin/soft tissue infection 2 (5.7) 2 (4.4)
Unknown 1(2.9) 2 (4.4)
Source control achieved, n (%)
Yes/not applicable 28 (80.0) 32 (69.6) 0.288
No 7 (20.0) 14 (30.4)
Appropriate initial antibiotic, n (%) 33 (94.2) 44 (95.7) 0.779
Outcomes
Clinical or microbiological failure, n (%) 17 (48.6) 17 (37.0) 0.294
In-hospital 30-day mortality 2(5.7) 3 (6.5) 0.881
WBC >12x10%/L on days 5-7 8(22.9) 10 (21.7) 0.905
Trmax =38°C on days 5-7 6(17.1) 10 (21.7) 0.607
Microbiological failure on days 3-5 4(11.4) 0 (0.0) 0.019
Microbiological relapse on days 5-309 1(2.9) 2 (4.4) 0.725
Hospital length of stay (days), median (IQR) 12.4 (6.1-22.2) 13.2 (5.5-25.1) 0.26
Continued
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Table 1. Continued

Characteristic Piperacillin-tazobactam (n=35) Cefepime or carbapenem (n=46) Pvalue
ICU length of stay (days), median (IQR) 2.4 (1.0-3.3) 10.1 (2.8-14.6) 0.855
Clostridioides difficile infection, n (%) 0 (0.0) 2 (4.4) 0.212

CrCl, creatinine clearance; MDRO, multidrug resistant organism; Tmax, Maximum temperature.

AWithin 24 h before to 24 h after index blood culture.

®Defined as history of infection due to MRSA, VRE, ESBL-producing or carbapenem-resistant Enterobacterales, Pseudomonas aeruginosa or

Acinetobacter spp.
“Defined as 20 mg daily of prednisone or equivalent for >14 days.

dDefined as a non-chemotherapy immunosuppressive drug, such as tacrolimus, methotrexate, cyclosporine or mycophenolate.

eDefined as an absolute neutrophil count of <500 cells/mm?>.

fDefined as a positive blood culture with the same species as the index culture.
9Defined as growth from any sterile site with the same organism as the index culture.

Multivariable Logistic Regression for Clinical or Microbiological Failure

Covariate Odds Ratio (95% Confidence Interval) p-value
Cefepime/Carbapenem — 0.303 (0.093-0.991) 0.048

Male [ 0.801 (0.229-2.789) 0.727

Age i 1.070 (1.014-1.129) 0.014

Charlson Comorbidity Index = 0.819 (0.636-1.056) 0.124

Pitt Bacteremia Score = 1.219 (0.996-1.493) 0.054

Moderate-to-High Risk AmpC- ¢ 0.638 (0.174-2.339) 0.498

Producing Organism

0 05 1 156 2 25 3
Odds Ratio

Figure 1. Forest plot depicting the a priori logistic regression for the primary endpoint of clinical or microbiological failure.

has been associated with increased mortality,*®*® and two obser-

vational studies have identified increased mortality with piperacil-
lin/tazobactam treatment for organisms with inducible AmpC.2°
The only prospective randomized trial in this space, MERINO 2, albeit
underpowered, was unable to detect clinical differences, including
mortality, between piperacillin/tazobactam and meropenem. Our
study was unable to detect a difference between treatment arms
for any of the clinical endpoints, including mortality, but may
have been underpowered to do so.

Notably, although S. marcescens has much lower AmpC in-
duction potential than other organisms like E. cloacae and
K. aerogenes,”® it comprised 50% of microbiological failure cases
and 67% of microbiological relapse cases, despite being only 27%
of the overall cohort. (Supplementary Figure S2). Although the
number of observations is too small to make formal assertions,
it is a concerning signal.

To our knowledge, this is the first study to focus on outcomes
of infections due to AmpC-producing organisms specifically in

immunocompromised patients. These patients are at high risk
of infections from MDR organisms, but data are lacking to guide
appropriate therapy.?! Prior studies have included immunocom-
promised patients in their analyses, but these patients were a mi-
nority of the study population.”-*> Immunocompromised patients
may have decreased capabilities to clear infections, which may
have potentiated the differences in microbiological failure rates
we reported.?

There are several limitations that deserve discussion. First, our
study was retrospective and observational, thus an a priori multi-
variable regression model was used based on previously published
associations with clinical and microbiological outcomes. However,
we acknowledge that the impact of known and unknown imbal-
ances between groups cannot be fully controlled with these de-
signs. Second, we included only immunocompromised patients,
which limited population heterogeneity. Nevertheless, this design
provides a more focused perspective on an understudied popula-
tion. Third, although our observed differences in primary outcomes
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were driven by microbiological failure, not all patients had follow-
up blood cultures. However, follow-up blood cultures are typically
not needed for Gram-negative bacteraemia®*?° and may be a sur-
rogate for clinical worsening. Fourth, our study may have been
underpowered for the primary endpoint. A post hoc power analysis
indicated that 283 patients were needed to achieve 80% power,
based on the observed risk difference of 12% for the primary
endpoint. That said, to our knowledge this is the largest investi-
gation of outcomes for treatment of potential AmpC-producing
organisms specifically in immunocompromised patients. Fifth,
cefoxitin-non-susceptibility was used as a surrogate for AmpC
production. Although a genetic methodology may be more ac-
curate, cefoxitin-non-susceptibility is a fairly sensitive, specific
and practical surrogate for AmpC production.?®

Conclusion

In immunocompromised patients with bacteraemia due to
AmpC-producing organisms, piperacillin/tazobactam may be as-
sociated with increased microbiological failure compared with
cefepime or carbapenems. Given the retrospective, observational
nature of this study and limited sample size, further prospective
trials are needed.
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