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ABSTRACT �-Lactam/�-lactamase inhibitors (BLBLIs) were compared to carbapen-
ems in two cohorts of hematological neutropenic patients with extended-spectrum-
�-lactamase (ESBL) bloodstream infection (BSI): the empirical therapy cohort (174 pa-
tients) and the definitive therapy cohort (251 patients). The 30-day case fatality rates
and other secondary outcomes were similar in the two therapy groups of the two
cohorts and also in the propensity-matched cohorts. BLBLIs might be carbapenem-
sparing alternatives for the treatment of BSI due to ESBLs in these patients.
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Bloodstream infection (BSI) due to extended-spectrum-�-lactamases (ESBLs) is in-
creasingly being identified among patients with hematological malignancies (1–5).

This is of special concern because a delay in initiating adequate antibiotic therapy may
impair their outcomes (1, 6). Carbapenems are increasingly used for treating severe
infections caused by ESBL producers. This is particularly worrisome in a scenario in
which carbapenem-resistant Enterobacteriaceae (CRE) are spreading rapidly and are
adversely compromising patients’ outcomes (7–12). While recent investigations have
suggested that �-lactam/�-lactamase inhibitors (BLBLIs) may be reliable options for the
treatment of BSI due to ESBL-producing Gram-negative bacilli (ESBL-GNB), especially in
nonimmunocompromised patients (13–19), other studies have found contrasting data
(20, 21). To date, the efficacy of BLBLIs for the treatment of BSI due to ESBL-GNB in
high-risk hematological patients has not been established. In this regard, assessing the
usefulness of BLBLIs as carbapenem-sparing antibiotic regimens may be a key step in
the efforts to minimize the spread of CRE. This study aimed to assess the efficacy of
BLBLIs compared with carbapenems for the treatment of hematological neutropenic
patients with BSI due to ESBL-GNB.

The study comprised hematological neutropenic patients, including hematopoietic
stem cell transplant (HSCT) recipients, who had had at least one episode of BSI due to
an ESBL-GNB and who had received carbapenems or BLBLIs for �24 h as the empirical
or definitive antibiotic therapy. Patients were recruited retrospectively at 22 centers
from nine different countries (Argentina, Australia, Brazil, Canada, Germany, Italy, Spain,
Turkey, and the United States) from 1 January 2006 to 31 March 2015.

The primary endpoint was the case fatality rate at 30 days from onset of BSI.
Secondary outcomes included the following: (i) 7-day and (ii) 14-day case fatality rates;
(iii) persistent BSI; (iv) relapse of BSI; (v) colonization/infection by bacteria resistant to
the antibiotics under study; and (vi) superinfection due to any bacteria. The protocol of
the study has been published elsewhere (22). Antimicrobial therapy administered
before susceptibility results were available was considered empirical therapy, and
antibiotic therapy administered afterward was considered definitive therapy. Initial
empirical antibiotic therapy was considered inadequate if the treatment regimen did
not include at least one antibiotic active in vitro against the infecting microorganism.
(See additional information regarding methodology in Text S1 in the supplemental
material).

The research was conducted in accordance with the Declaration of Helsinki and
national and institutional standards. The protocol of the study was approved by all
appropriate regulatory agencies and the local Research Ethics Committees, with the
following local reference number: EPA020/15. The need for informed consent and
information sheets was waived by the ethics committees because of the retrospective
nature of the study.

Clinical samples were processed at the microbiology laboratories of each partici-
pating center in accordance with standard operating procedures. Enterobacteriaceae
species were identified using standard microbiological techniques at each center. ESBL
production was screened in all isolates with diminished susceptibility to cephalosporins
and confirmed using standard procedures and phenotypic methods, such as disk-
diffusion or Etest, or molecular characterization by PCR, depending on the participating
center. The following �-lactams were used for confirmation by testing their synergistic
effect with amoxicillin-clavulanate: cefepime, ceftazidime, cefotaxime, cefuroxime, and
aztreonam. In vitro susceptibility was determined according to CLSI recommendations
(23).

Patients who were given BLBLIs were compared with those treated with carbapen-
ems as empirical and/or definitive therapy. Two non-mutually exclusive cohorts were
constructed and analyzed separately. The empirical therapy cohort (ETC) included
patients who received empirical therapy with BLBLI or carbapenem and whose isolates
were susceptible to the empirical antimicrobial administered. The definitive therapy
cohort (DTC) comprised patients who received definitive therapy with an active BLBLI
or carbapenem. We used an uncorrected chi-square statistic to evaluate the primary
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endpoint under the null hypothesis of the 30-day case fatality rate between study
groups. Survival functions were estimated using Kaplan-Meier curves and compared
using the log rank test. The adjusted mortality odds ratio (OR) at 30 days was estimated
in both cohorts by a multivariate logistic regression model. A propensity score (PS)—
the probability of receiving BLBLIs as empirical and/or targeted therapy—was calcu-
lated in both cohorts (ETC and DTC), using a nonparsimonious multivariate logistic
regression model in which the outcome variable was the use of BLBLI as empirical
and/or definitive therapy. Each patient of each therapy group in the two cohorts was
later matched to another patient using the nearest-matching method. This analysis
allowed the identification of pairs of patients who had very close PS values but differed
in terms of the therapy received. The final data set matched only pairs of patients on
carbapenems and BLBLIs. The analysis was performed using R software (R v. 3.2.5).

Figure 1 shows the flow chart of patients included in the study. A total of 259
episodes of BSI due to ESBL-GNB in 253 patients were eligible for analysis. The ETC
comprised 174 patients and the DTC 251. Characteristics of patients are detailed in
Table 1. The most frequent source of BSI was an endogenous source (52.8%), followed
by catheter-related BSI (18.1%), neutropenic enterocolitis (8.1%), and urinary tract and
perianal infections (6.9% each). The most frequently isolated ESBL-GNB species was
Escherichia coli (73.7%), followed by Klebsiella pneumoniae (23.1%) and Klebsiella oxy-
toca and Enterobacter cloacae (1.5% each). (See additional information regarding the
results in Text S1).

Of the 174 patients included in the ETC, 126 received a carbapenem (93 received
meropenem, 31 imipenem, and 2 ertapenem) and 48 a BLBLI (44 received PTZ, 2
amoxicillin-clavulanate [AMC], and 2 cefoperazone-sulbactam). In the DTC, 234 patients
received carbapenems (130 received meropenem, 79 imipenem, and 25 ertapenem)
and 17 were given BLBLIs (12 received PTZ and 5 AMC).

As shown in Table 2, in the ETC there were no significant differences in the 30-day
case fatality rate between the patients treated with carbapenems and those who
received BLBLIs. Similarly, there were no significant differences between any of the
secondary endpoints, including 7-day and 14-day case fatality rates. Figure 2 shows the
Kaplan-Meier survival curves in the ETC. After applying the PS-based matched analysis,
we were able to match 35 pairs of patients treated empirically with BLBLIs or carbap-

FIG 1 Flow chart of patients included in the study.
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enems according to the PS. In this PS-matched cohort, the 30-day case fatality rates did
not differ significantly between groups (11.4% versus 20%, P � 0.32). Similar results
were obtained in analyzing the 14-day case fatality rates (11.4% versus 14.2%, P � 0.99)
and the 7-day case fatality rates (2.8% versus 2.8%, P � 0.99). The only independent risk
factor for 30-day case fatality rate was a Multinational Association for Supportive Care
in Cancer (MASCC) score of �21 (OR, 3.61; 95% confidence interval [95% CI], 1.19 to
12.72; P � 0.03). Neither therapy with carbapenems nor therapy with BLBLIs was found
to be an independent risk factor for 30-day case fatality.

TABLE 1 Characteristics of patients with bloodstream infection caused by extended-spectrum-�-lactamase-producing Enterobacteriaceae
according to therapy

Patient characteristic

Value(s)

Empirical therapy cohort (n � 174) Definitive therapy cohort (n � 251)

Carbapenem;
n � 126 BLBLI; n � 48 P

Carbapenem;
n � 234 BLBLI; n � 17 P

No. (%) of males 76 (60.3) 32 (66.6) 0.55 154 (65.8) 7 (41.1) 0.07
Median age in yrs (IQRa) 50 (34–61) 55 (40–63) 0.10 52 (36–63) 57 (37–60) 0.71

No. (%) of patients with:
Acute leukemia 70 (55.5) 25 (52) 0.99 137 (58.5) 9 (52.9) 0.69
Comorbidities 18 (14.2) 17 (35.4) 0.003 49 (20.9) 5 (29.4) 0.37
Hematopoietic stem cell transplant 49 (38.8) 15 (31.25) 0.44 77 (32.9) 6 (35.2) 0.99
Graft vs host disease 13 (10.3) 2 (4.1) 0.72 17 (7.2) 2 (11.76) 0.87
Corticosteroid therapy 73 (57.9) 25 (52) 0.58 115 (49.1) 11 (64.7) 0.35
Profound neutropenia (�100 neutrophils/mm3) 17 (13.4) 9 (18.7) 0.48 37 (15.8) 3 (17.6) 0.72

Median no. of days of previous neutropenia (IQR) 6 (3–12) 5.5 (4–9) 0.65 6 (3–12) 7.5 (5.7–9) 0.68

No. (%) of patients with:
Previous antibiotics (1 mo) 107 (84.9) 33 (68.7) 0.01 187 (79.9) 12 (70.5) 0.61
Previous hospital admission (1 mo) 90 (71.4) 36 (75) 0.67 167 (71.3) 9 (52.9) 0.09
Previous episode of BSI 19 (15) 6 (12.5) 0.84 34 (14.5) 2 (11.7) 0.99
Concomitant infection 25 (19.8) 7 (14.5) 0.51 51 (21.7) 4 (23.5) 0.99
MASCC index score � 21 57 (45.2) 22 (45.8) 0.99 102 (43.5) 7 (41.1) 0.63
Complex bloodstream infection 25 (19.8) 14 (29.1) 0.26 48 (20.5) 7 (41.1) 0.064
Septic shock at presentation 36 (28.5) 10 (20.8) 0.38 53 (22.6) 2 (11.7) 0.7
Granulocyte colony-stimulating factor 79 (62.7) 23 (47.9) 0.075 129 (55.1) 6 (35.2) 0.14
Active combination antibiotic therapy 42 (33.3) 12 (25) 0.37 22 (9.4) 1 (5.8) 0.99
Adequate initial empirical antibiotic therapy 179 (76.5) 15 (88.2) 0.37
Enterobacteriaceae species infection

Escherichia coli 91 (72.2) 37 (77)

0.77

174 (74.3) 14 (82.3)

0.84
Klebsiella pneumoniae 31 (24.6) 11 (22.9) 54 (23) 3 (17.6)
Enterobacter cloacae 1 (0.79) 0 3 (1.2) 0
Klebsiella oxytoca 3 (2.38) 0 3 (1.2) 0

aIQR, interquartile range.

TABLE 2 Outcomes of patients with bloodstream infection caused by extended-spectrum-�-lactamase-producing Enterobacteriaceae
according to therapya

Characteristic

No. (%) of patients with indicated treatment

Empirical therapy cohort (n � 174) Definitive therapy cohort (n � 251)

Carbapenem;
n � 126 BLBLI; n � 48 P

Carbapenem;
n � 234 BLBLI; n � 17 P

ICU admission 30 (23.8) 7 (14.5) 0.25 44 (18.8) 2 (11.7) 0.74
30-day case fatality rate 17 (13.4) 10 (20.8) 0.33 37 (15.8) 1 (5.8) 0.99
14-day case fatality rate 12 (9.5) 7 (14.5) 0.49 23 (9.8) 1 (5.8) 0.99
7-day case fatality rate 6 (4.7) 2 (4.1) 0.99 11 (4.7) 0 NA
Relapse of bloodstream infection 0 2 (4.1) NA 4 (1.7) 0 NA
Persistent bloodstream infection 5 (3.9) 5 (10.4) 0.13 11 (4.7) 3 (17.6) 0.059
Colonization/infection by resistant bacteria 8 (6.3) 1 (2) 0.28 15 (6.4) 1 (5.8) 0.99
Superinfection 11 (8.7) 2 (4.1) 0.51 21 (8.9) 2 (11.1) 0.68
aICU, intensive care unit; NA, not applicable.
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As shown in Table 2, in the DTC there were no significant differences in the 30-day
case fatality rates between the patients treated with carbapenems and those who
received BLBLIs. Similar results were obtained regarding all the secondary endpoints.
Figure 3 shows the Kaplan-Meier curves of survival in the DTC. After applying the
nearest-matching method, we were able to match 15 pairs of patients treated defini-
tively with BLBLIs or carbapenems according to the PS. In this cohort, there were no
significant differences regarding 30-day and 14-day case fatality rates between the
patients treated with carbapenems and those who received BLBLIs (6.5% versus 12.5%
[P � 0.99] and 6.25% versus 12.5% [P � 0.99], respectively). No patient died from BSI
within the first 7 days in any group. Neither therapy with carbapenems nor BLBLIs was
found to be an independent risk factor for 30-day case fatality.

In our study, there were no significant differences in the 30-day case fatality rates
between the patients treated with carbapenems and those who received BLBLIs.
Interestingly, the 30-day case fatality rates in the two groups were also similar in the
propensity-matched cohorts. Furthermore, neither therapy with a carbapenem nor
therapy with a BLBLI was found to be an independent risk factor for 30-day case fatality
in either therapy cohort. It should also be stressed that the nonsignificant differences
in the 30-day case fatality rates found in the ETC were not observed in the analysis of

FIG 2 Kaplan-Meier survival curves in the empirical therapy cohort.

FIG 3 Kaplan-Meier survival curves in the definitive therapy cohort.
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the 7-day case fatality rates. The impact of an empirical antibiotic regimen on outcomes
is probably better assessed by taking early mortality into consideration. Also, the
nonsignificantly higher 30-day mortality rate in the DTC in patients receiving carbap-
enems was probably due to the larger number of patients treated with this regimen.
We found that secondary outcomes differed little between therapy groups in both
cohorts. However, persistent BSI was more frequent in patients who received BLBLIs
as a definitive therapy, although the difference did not reach statistical significance.
Nevertheless, given the low number of patients receiving targeted BLBLI therapy,
we cannot draw any firm conclusion. To date, the published data on the use of
BLBLIs for the treatment of infections caused by ESBL-GNB are conflicting and
mainly refer to nonimmunocompromised patients (13–21). Our study was the first
to assess the usefulness of BLBLIs for the treatment of ESBL-BSI in a severely
immunosuppressed cohort of hematological patients with neutropenia. This issue is
of great concern due to the fact that hematological patients often receive repeated
cycles of broad-spectrum antibiotics and are at a high risk of developing infections due
to resistant bacteria, including carbapenem-resistant organisms. In this regard, the use
of BLBLIs as carbapenem-sparing alternatives to treat suspected or documented ESBL
infections may be a useful strategy to avoid the spread of CRE.

Our multicenter study has some limitations. First, this was a retrospective study, and
so the typical limitations of this design applied. However, randomized trials comparing
empirical and definitive antibiotic regimens are difficult to perform in severely immu-
nosuppressed patients. Second, as carbapenems are the drugs recommended for the
treatment of severe infections by ESBL-GNB, it was difficult to enroll a large number of
patients treated with BLBLIs in both cohorts, but especially in the DTC. This led to a lack
of the power required to assess mortality and detect true differences. Finally, the BLBLI
MICs were not available for all the strains, and data regarding molecular characteriza-
tion of ESBLs could not be obtained.

We conclude that BLBLIs, if active in vitro, might be carbapenem-sparing alternatives
for the treatment of BSI due to ESBLs in high-risk hematological patients. Physicians
dealing with these patients should consider using BLBLIs for the treatment of infections
due to ESBL-producing Enterobacteriaceae. This strategy may prove useful in limiting
the spread of carbapenem resistance in this high-risk population.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.00164-17.
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