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Abstract

Objectives—To determine the prevalence, risk factors, treatments, and outcomes of bloodstream
infections (BSIs) due to carbapenem-resistant Enterobacteriaceae (CRE) in adult neutropenic
patients with hematologic malignancies.

Methods—We reviewed all BSIs between 2008-2012 in this population at two New York City
oncology centers. A case-control study was conducted to identify CRE BSI risk factors, using
three controls of non-CRE BSIs per case.

Results—CRE caused 43 (2.2%) of 1,992 BSls overall and 4.7% of Gram-negative bacteremias.
Independent risk factors for CRE BSI were prior -lactam/p-lactamase inhibitor (adjusted odds
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ratio [aOR] 3.2; P=0.03) or carbapenem (aOR 3.0; P=0.05) use, current trimethoprim-
sulfamethoxazole (aOR 24; P=0.001) or glucocorticoid (aOR 5.4, P=0.004) use, and having a prior
CRE culture (aOR 12; P=0.03). Patients with CRE bacteremia had a median of 52 hours from
culture collection until receipt of active therapy. They had a 51% BSI-related mortality rate, with a
median of 4 days from bacteremia onset until death. CRE-active empirical therapy was associated
with a lower 30-day mortality rate (17% vs. 59%; P=0.08).

Conclusions—CRE are lethal emerging causes of bacteremia in neutropenic patients. New
strategies are needed to shorten the delay in administration of CRE-active agents and improve
outcomes in this vulnerable population.
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INTRODUCTION

Neutropenic patients with hematologic malignancies are uniquely threatened by multidrug-
resistant Gram-negative bacteria because they rely on immediate bactericidal therapy to
combat Gram-negative infections. Enterobacteriaceae are the most common causes of Gram-
negative bacteremia in this population and have historically been susceptible to
recommended B-lactam agents for the treatment of fever and neutropenia [1, 2]. However,
over the last decade, carbapenem-resistant Enterobacteriaceae (CRE) have emerged
worldwide as lethal pathogens that are typically resistant to all B-lactam agents due to
production of B-lactam-hydrolyzing enzymes such as K/ebsiella pneumoniae carbapenemase
(KPC) [3]. Given that currently recommended empirical therapies are inactive against CRE,
and identification of CRE by culture typically takes 2—-3 days, the spread of CRE into
neutropenic patients with hematologic malignancies could have devastating consequences
because effective therapy would be delayed [4].

We recently reported 18 patients with hematologic malignancies who developed bacteremia
due to CRE [5]. Nine of 13 neutropenic patients in this study died, there were long delays
until receipt of active therapy, and all deaths were related to CRE bacteremia. Given these
preliminary findings, we sought to better understand the epidemiology of CRE in this patient
population in an area where CRE are endemic nosocomial pathogens. Thus, we conducted a
study at two large oncology centers in New York City, USA, a global epicenter for CRE, to
determine the prevalence, risk factors, and outcomes of CRE bacteremia in neutropenic
patients with hematologic malignancies.

METHODS

Study design

The study was approved by the Institutional Review Boards of Weill Cornell Medicine and
Memorial Sloan Kettering Cancer Center (MSKCC). We first identified all episodes of
bloodstream infection (BSI) in adult (age =18 years) neutropenic patients (absolute
neutrophil count <500 cells/mm3) with hematologic malignancies at New York-Presbyterian
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Hospital/Weill Cornell Medical Center and MSKCC from 2008-2012. BSls where the
patient had a prior positive blood culture for the same organism(s) within the previous 30
days were excluded. Common skin commensals were designated causes of BSI if isolated
from =2 blood culture sets from the same or consecutive days [6]. From this cohort, we
determined the proportion of BSIs, Gram-negative bacteremias, and Enterobacteriaceae
bacteremias that were due to CRE.

We performed two case-control analyses to identify risk factors for CRE bacteremia. In the
primary analysis, we compared CRE cases to controls of BSIs due to pathogens other than
carbapenem-resistant Gram-negative bacteria. In the secondary risk factor analysis, we
designated BSI episodes due to carbapenem-susceptible Gram-negative bacteria as controls.
For both control groups, we randomly selected three controls per case, matched by study
center and year. Surveillance for detection of CRE colonization was not routinely performed
at either study center.

We abstracted the following clinical data for cases and controls: demographics,
comorbidities [7], malignancy characteristics, healthcare exposures, prior infections,
presence of sepsis [8], Pitt bacteremia score [9], antimicrobial therapies, time until receipt of
an active agent (an agent to which the bloodstream isolate tested susceptible /n vitro), 30-
day mortality from BSI onset, and BSI-related mortality (death in a patient with ongoing
bacteremia from the initial pathogen or who never recovered from septic shock associated
with the BSI episode). Lastly, we reviewed episodes of monomicrobial bacteremia included
in the case-control analyses and compared the 30-day survival by pathogen type.

Microbiologic methods

Species identification and antimicrobial susceptibility testing were performed by Vitek 11
(bioMérieux, Durham, NC, USA) or Microscan (Beckman Coulter, Brea, CA, USA).
Carbapenem resistance was defined as resistance to any carbapenem based on updated
Clinical and Laboratory Standards Institute interpretive breakpoints [10]. Extended-
spectrum-p-lactamase (ESBL)/AmpC-producing Enterobacteriaceae were defined as being
ceftriaxone-resistant and meropenem-susceptible, or testing positive for ESBL production
[10].

For available isolates, we performed broth microdilution testing using TREK panels
(Thermo Fisher Scientific, Oakwood Village, OH, USA) and Etest (bioMérieux) for
susceptibility to ceftazidime-avibactam. These results were used instead of automated
susceptibility testing results, when available. CRE with polymyxin B or tigecycline
minimum inhibitory concentrations (MICs) <2 pg/mL were considered susceptible to these
agents.

In order to characterize the genetic basis of carbapenem resistance, we used a multiplexed
PCR on available isolates to detect KPC, NDM, VIM, IMP, OXA-48-type, and CTX-M B-
lactamase genes, followed by gene sequencing of positive results [11-13]. For carbapenem-
resistant Klebsiella pneumoniae isolates, we also sequenced outer membrane porin genes
[14].
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Statistical analysis

Categorical variables were compared using chi-square or Fisher’s exact tests and continuous
variables were compared using the Wilcoxon rank-sum test. Pvalues <0.05 (two tailed) were
considered statistically significant. For both case-control analyses, we constructed
multivariable conditional logistic regression models to identify independent risk factors for
CRE bacteremia. Thirty-day mortality for monomicrobial BSIs were compared by pathogen
type using Kaplan-Meier survival curves and the log-rank test. We then constructed a
multivariable Cox proportional hazards model to assess the association between pathogen
and mortality. All variables with £<0.05 in univariate analyses were entered into the
multivariable models and a backward stepwise selection process was applied until only
variables with A<0.1 were retained in the final models. STATA, version 12.0 (StataCorp,
College Station, TX) was used for statistical analyses.

RESULTS

Prevalence and characteristics of CRE

We identified 1,992 BSI episodes in neutropenic patients with hematologic malignancies
during the study period, of which 43 (2.2%; 95% confidence interval [CI]: 1.6%-2.9%) were
caused by CRE (Figure 1). The proportion of BSIs due to CRE at each hospital was 2.4%
and 1.9%, respectively, and varied from 0.8%-3.0% by study year, with no clear trend over
time. CRE caused 4.7% of bacteremias that included a Gram-negative bacterium and 6.5%
of bacteremias that included an Enterobacteriaceae. Eighteen percent of K/ebsiella
pneumoniae bacteremias were carbapenem-resistant. Hospital-wide data were only available
from 2011-2012, and during these years the proportion of BSIs due to CRE was greater in
neutropenic patients with hematologic malignancies (1.8%) than in other types of
hospitalized patients (0.7%; P=0.003).

Forty-four CRE isolates caused 43 CRE bacteremia episodes. Klebsiella pneumoniae was
the most common species (n=30; 68%), followed by Enterobacter cloacae (n=8; 18%),
Escherichia coli (n=2; 5%), and Enterobacter aerogenes, Enterobacter gergoviae, Klebsiella
oxytoca, and Serratia marcescens (n=1). Eleven (26%) CRE bacteremia episodes were
polymicrobial. No isolates were susceptible to piperacillin-tazobactam, aztreonam,
ceftriaxone, ceftazidime, or ertapenem. Other antimicrobial susceptibilities were as follows:
tigecycline (86% susceptible), polymyxin B (82%), amikacin and gentamicin (48%),
ciprofloxacin and levofloxacin (23%), cefepime (18%), meropenem (12%), imipenem (7%),
and tobramycin (7%).

Twenty-three isolates were available for additional testing, including 15 K. pneumoniae and
four Enterobacter cloacae strains. All tested susceptible to ceftazidime-avibactam (MIC <4/4
ug/mL). Blakpc was identified in 21 (91%) of these isolates (16: KPC-3; 5: KPC-2). No
other carbapenemase genes were detected. Two imipenem- and meropenem-resistant
Klebsiella pneumoniae isolates lacked a carbapenemase, but possessed b/acTx-m-15 and
mutations in a K. pneumoniae outer membrane porin gene.
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Risk factors for CRE bacteremia

The following factors were associated with CRE bacteremia in univariate analysis using the
primary control group of BSI episodes caused by pathogens other than carbapenem-resistant
Gram-negative bacteria (Table 1): allogeneic hematopoietic stem cell transplantation,
concurrent solid tumor, recent or current ICU admission, prior antimicrobial exposures, prior
CRE isolate or BSI during neutropenia, presence of a urinary catheter, receipt of mechanical
ventilation or glucocorticoids, septic shock, diarrhea, and hypoalbuminemia. In
multivariable analysis (Table 2), factors independently associated with CRE bacteremia were
use of a p-lactam/p-lactamase inhibitor (BLBLI, adjusted odds ratio [aOR] 3.2, £=0.03) or
carbapenem (aOR 3.0, P=0.05) within the previous 30 days, receipt of trimethoprim-
sulfamethoxazole (TMP-SMX, aOR 24, £=0.001) or glucocorticoids (aOR 5.4, P=0.004) at
BSI onset, and having a CRE isolate within the previous 90 days (aOR 12, P=0.03). These
variables were also independent risk factors for CRE bacteremia using the secondary control
group of BSls due to carbapenem-susceptible Gram-negative bacteria (Table 2).

Treatments and outcomes

Active empirical antibacterial therapy was administered within 12 hours of BSI onset in 14%
of CRE bacteremia episodes, compared to 56% and 88% in controls, respectively (£<0.001,
Table 1). Nine (21%) of 43 patients with CRE bacteremia never received active therapy
because they died prior to the availability of susceptibility testing results. In the remaining
patients, there was a median of 52 hours (interquartile range [IQR] 33-69) from BSI onset
until receipt of active therapy.

Thirty-day mortality was 53% in cases of CRE bacteremia, compared to 22% and 19%,
respectively, in the control groups (P<0.001, Table 1). BSI-related mortality was also higher
in cases of CRE bacteremia (51%) than in either of the control groups (15% and 6%,
F£<0.001). There was a median of four days (IQR: 2-8) from CRE bacteremia onset until
death. Only one of six patients (17%) with CRE bacteremia who received active empirical
therapy died within 30 days, compared to 22 of 37 patients (59%) who did not receive active
empirical therapy (P=0.08; Table 3). Definitive antimicrobial regimens and associated
mortality rates are outlined in Table 3.

Monomicrobial BSI episodes in the control groups included BSIs due to ceftriaxone-
susceptible Enterobacteriaceae (n=84), ESBL/AmpC-producing Enterobacteriaceae (n=15),
Pseudomonas aeruginosa (n=18), and Gram-positive bacteria (total: n=59; Enterococcus
faecium. n=19; Staphylococcus aureus. n=11; coagulase-negative staphylococci: n=10;
viridans group streptococci: n=8). Thirty-day mortality rates by pathogen were 17% for
ceftriaxone-susceptible Enterobacteriaceae, 7% for ESBL/AmpC-producing
Enterobacteriaceae, 33% for Pseudomonas aeruginosa, and 14% for Gram-positive bacteria.
Survival analysis demonstrated increased mortality with CRE bacteremia compared to
Gram-positive bacteremia and bacteremia due to ceftriaxone-susceptible and ESBL/AmpC-
producing Enterobacteriaceae and a trend towards increased mortality compared to 2
aeruginosa bacteremia (Figure 2). In a multivariable analysis that adjusted for age, Pitt
Bacteremia score, patient location, serum albumin, and duration of hospitalization at BSI
onset, CRE bacteremia was independently associated with increased mortality (adjusted
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hazard ratio 2.9, 95% CI 1.3-6.4, P=0.01) compared to bacteremia due to ceftriaxone-
susceptible Enterobacteriaceae.

DISCUSSION

To our knowledge, this is the first reported study to assess the prevalence, risk factors, and
outcomes of CRE bacteremia in neutropenic patients with hematologic malignancies. We
conducted this study at two large oncology centers in New York City, where CRE have been
endemic for over a decade [15], and found that CRE represent 2.2% of all BSls and 4.7% of
Gram-negative bacteremias in this population. The number of CRE bacteremia cases was
similar to that of candidemia and greater than that of BSls caused by Ac/netobacter
baumannii or Stenotrophomonas maltophilia.

The 30-day mortality rate of 53% after CRE bacteremia was substantially greater than the
13-18% mortality rates typically reported after Gram-negative bacteremia in neutropenic
patients with hematologic malignancies [1, 16]. Furthermore, all but one of the deaths in this
study was directly related to CRE bacteremia and the median time from bacteremia onset
until death was only 4 days. This rapid demise is similar to what was observed in
neutropenic patients with Gram-negative bacteremia prior to recognition of fever and
neutropenia as a medical emergency, where antimicrobial therapy was delayed until culture
positivity [17].

In order to identify patients at high-risk of CRE bacteremia, we conducted risk factor
analyses using two control groups: patients who were bacteremic with a pathogen other than
carbapenem-resistant Gram-negative bacteria and those bacteremic with carbapenem-
susceptible Enterobacteriaceae. We believe that the first control group is more representative
of the entire population of febrile neutropenic patients, and thus is preferable for the primary
analysis. The purpose of the second control group was to ensure that independent risk
factors identified in the primary analysis were not merely risk factors for Gram-negative
bacteremia.

Although prior carbapenem use was a risk factor for CRE bacteremia, 60% of patients with
CRE bacteremia had not recently received a carbapenem. Thus, the absence of carbapenem
exposure does not preclude CRE bacteremia. Identification of BLBLI exposure as a risk
factor for CRE bacteremia may be related to a similar broad-spectrum antimicrobial effect
that alters the intestinal microbiome and selects for CRE. TMP-SMX, which was typically
administered for Pneumocystis firoveci prophylaxis, and glucocorticoids were also
independent risk factors, although it is possible that they served as markers of
immunosuppression and chronic illness. Given that these medications are commonly used in
neutropenic patients and absence of these exposures does not preclude CRE bacteremia,
these risk factors may have limited utility at the bedside for clinicians who are deciding on
whether to administer CRE-active empirical therapy to a febrile neutropenic patient.

The limited predictive capabilities of this risk factor-based approach support investigation
into alternative strategies to identify neutropenic patients at high risk for CRE bacteremia.
One strategy to consider in high prevalence areas is to perform active surveillance of the

J Infect. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Satlin et al.

Page 7

gastrointestinal tract to identify CRE colonization and administer CRE-targeted empirical
therapy to colonized patients who develop signs of infection. High rates of subsequent CRE
bacteremia have been observed in ICU patients with asymptomatic CRE colonization [18-
19]. However, data on the risk of CRE bacteremia in colonized neutropenic patients are
needed to better assess the merits of this strategy.

The 52-hour delay until administration of effective therapy in patients with CRE bacteremia
is alarming because these delays are associated with increased mortality in neutropenic
patients [20-21]. Guidelines of the Infectious Diseases Society of America recommend that
patients with fever and neutropenia receive empirical antibacterial therapy within two hours
of presentation [2]. Furthermore, 21% of our patients died prior to the availability of
susceptibility data and never received active therapy. Notably, only one of 6 patients who
received active empirical therapy died, compared to a 59% mortality rate among patients
who did not receive active empirical therapy. This finding suggests that rapid administration
of CRE-active therapy in infected patients might improve outcomes.

Rapid diagnostic tools are essential to shorten the delay in administering CRE-active
therapies to infected neutropenic patients. Two multiplex PCR systems have now been
approved for use in Europe and the U.S.: the Verigene Gram-negative blood culture assay
(Nanosphere, Northbrook, IL, USA) and the FilmArray blood culture identification assay
(BioFire Diagnostics, Salt Lake City, UT, USA). These assays detect carbapenemase-
encoding genes, as well as most of the common bacterial and fungal bloodstream pathogens,
directly from blood culture broth within two hours of culture positivity [22—-23]. Routine
implementation of these assays should decrease the time until detection of CRE to less than
24 hours, which should lead to more timely appropriate therapy. In CRE-endemic areas
where these technologies are not available, the detection of Gram-negative bacteremia in a
patient with multiple risk factors for CRE bacteremia warrants consideration of CRE-active
therapy while awaiting organism identification.

CRE-active agents, such as polymyxins and tigecycline, have major limitations of toxicity
and suboptimal efficacy [24-26]. Ceftazidime-avibactam, which was recently approved by
the U.S. Food and Drug Administration and is under review by the European Medicines
Agency, offers a potential advance in treatment as the first BLBLI with /n vitro activity
against KPC-producing Enterobacteriaceae [27]. Ceftazidime-avibactam was active against
all tested isolates in our study, which was a collection dominated by KPC-producers.
Importantly, ceftazidime-avibactam is not active against metallo-p-lactamase-producing
Enterobacteriaceae, and thus its usefulness will be diminished in areas where these
organisms predominate. Furthermore, clinical trials of ceftazidime-avibactam have largely
not included patients infected with CRE or neutropenic patients. Data evaluating the clinical
effectiveness of this agent in neutropenic patients with CRE bacteremia are urgently needed.

Several study limitations warrant consideration. CRE are highly prevalent in New York City
and our prevalence rates may not apply to other locations. We did not have access to all
bloodstream CRE isolates to determine the carbapenem resistance mechanisms, but KPC
production predominated among the strains that were evaluated. Given the modest number
of cases, we also had limited power to detect all risk factors for CRE bacteremia.
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In summary, CRE have emerged as lethal causes of bacteremia in neutropenic patients with
hematologic malignancies. The inability to rapidly identify neutropenic patients who are
bacteremic with CRE and reliance on traditional diagnostics leads to a 2—3 day delay until
administration of appropriate therapy and in turn, high bacteremia-related mortality rates.
Rapid diagnostic assays and active surveillance for colonization may be required to provide
more timely CRE-active therapy. Earlier administration of appropriate therapy, combined
with the use of new agents such as ceftazidime-avibactam, may improve outcomes for these
patients.
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HIGHLIGHTS

CRE caused 2.2% of all BSIs and 4.7% of Gram-negative BSI in
neutropenic patients.

Multiple antibiotics, steroids and a prior CRE culture were CRE BSI
risk factors.

Patients with CRE BSI had a 2—3-day delay until receipt of CRE-active
therapy.

The CRE BSlI-related mortality rate was 51%, with a median of 4 days
until death.

New strategies are needed to mitigate this threat in this vulnerable
population.
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Figure 1.
Microbial characteristics of 1,992 bloodstream infections in adult neutropenic patients from
2008-2012.
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Kaplan-Meier survival estimates
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Figure 2.
30-day survival after onset of monomicrobial BSI, by pathogen type. CRE (n=32) vs.

ceftriaxone-susceptible Enterobacteriaceae (n=84; A<0.001); vs. ESBL/AmpC-producing
Enterobacteriaceae (n=15; P=0.004); vs. Pseudomonas aeruginosa (n=18; P=0.16); vs.
Gram-positive bacteria (n=59, £<0.001).
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Table 3

Treatments and 30-day mortality rates of 43 episodes of CRE bacteremia

Variable

N (% of total)

30-day mortality (%)

All episodes of CRE bacteremia
Empirical therapy within 12 hours of BSI onset

Active empirical therapyJ

Inactive empirical therapy

Definitive antimicrobial regimenz"?
Died before ever received active therapy
Single Gram-negative agent
Aminoglycoside monotherapy
Fluoroquinolone monotherapy
Two Gram-negative agents
Polymyxin B and tigecycline
Aminoglycoside and tigecycline
Aminoglycoside and carbapenem
Three Gram-negative agents
Polymyxin B, aminoglycoside and carbapenem
Bacteremia characteristics
Polymicrobial
Monomicrobial
Klebsiella pneumoniae
Other types of CRE

43 (100)

6 (14)

37 (86)

9(21)
10 (23)
5(12)
3(7)
16 (37)
5(12)
3(7)
3(7)

8 (19)
3(7)

11 (26)
32 (74)
21 (49)
11 (26)

23/43 (53)

1/6 (17)

22/37 (59)

9/9
4/10
4/5
0/3
6/16
2/5
0/3
3/3
4/8
213

9/11 (82)
14/32 (44)
11/21 (52)
3/11 (27)

Active therapy was defined as receipt of an antimicrobial agent to which the bloodstream isolate tested susceptible /n vitro.
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Definitive therapy was defined as antimicrobial agents administered on the day after final antimicrobial susceptibility testing results were reported.

330—day mortality represented as # of patients who died within 30 days / total # of patients.
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