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Febrile neutropenia (FN) is an oncologic emergency frequently encountered in
hematopoietic cell transplant (HCT) and chimeric antigen receptor (CAR) T-cell therapy
patients, which requires immediate initiation of broad-spectrum antibiotics. Data
regarding antibiotic de-escalation (DE) in neutropenic patients are limited, and guideline
recommendations vary. A clinical protocol for antibiotic DE of broad-spectrum agents
was implemented if patients were afebrile after 72 hours and had no clinical evidence of
infection. The primary endpoint was the difference in the number of antibiotic therapy
days between the pre-and post-DE protocol implementation group. Secondary endpoints
included rates of subsequent bacteremia during index hospitalization, 30-day mortality,
and hospital length of stay. Retrospective chart reviews were conducted to assess
outcomes for patients who received allogeneic HCT, autologous HCT, or CAR T-cell
therapy under the antibiotic de-escalation protocol (post-DE) compared to those who did
not (pre-DE). The pre-DE group underwent HCT/CAR T-cell from February 2018 through
September 2018 (n=64), and the post-DE group from February 2019 through September
2019 (n=67). The median duration of antibiotics was significantly lower in the post-DE
group (6 days; range 3-60 days) compared to the pre-DE group (8 days; range 3-31 days)
(p=0.034). There were no differences in any secondary endpoints. We conclude that
antibiotic DE in neutropenic HCT or CAR T-cell therapy patients treated with
broad-spectrum antibiotics for at least three days who are afebrile and without
documented infection appears to be a safe and effective practice. Adopting it significantly
reduces the number of days of antibiotics without compromising patient outcomes.

KEY WORDS 1. INTRODUCTION
» Antibiotic de-escalation Patients receiving hematopoietic cell transplant (HCT) who
» Febrile neutropenia present with febrile neutropenia (FN) require prompt ini-
» Antimicrobial stewardship tiation of empiric broad-spectrum antibiotics with anti-
» Hematopoietic cell transplant pseudomonal coverage.l:2 If the cause of fever remains un-
e Chimeric antigen receptor T-cell therapy diagnosed, the Infectious Diseases Society of America

(IDSA) 2011 guidelines recommend continuation of antibi-
otic therapy until absolute neutrophil count (ANC) recov-
ery, defined as > 500 cell/mm3.3 The National Comprehen-
sive Cancer Network (NCCN) guidelines expand the IDSA
recommendations and consider discontinuation or de-es-
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calation (DE) from broad spectrum to prophylactic antibi-
otics if patients remain neutropenic but have resolution of
fevers with no identified infectious source.? Early antibiotic
DE is endorsed by the European Conference on Infections in
Leukemia guidelines, which recommend discontinuing an-
tibiotics after 72 hours if a neutropenic patient has been
stable since presentation and has been afebrile for at least
48 hours.> While there is emerging guidance to support an-
tibiotic DE before neutropenic recovery, there is no univer-
sal consensus to implement this practice, and the support-
ing evidence is based on limited data, especially in a highly
immunocompromised HCT and chimeric antigen (CAR) T-
cell therapy patient population.

Prolonged exposure to broad-spectrum antibiotics has
many risks, particularly in immunocompromised patients.
These include, but are not limited to, an increased risk
of allergic reactions, development of antibiotic resistance,
subsequent infection with multi-drug resistant (MDR) or-
ganisms, Clostridioidesdifficile (C. diff) infections, and ad-
verse alteration of the gastrointestinal microbiome. Infec-
tions with MDR organisms, such as
extended-spectrum-p-lactamase (ESBL) producing Es-
cherichia coli (E. coli) and Klebsiella pneumoniae (K. pneu-
moniae), are associated with increased mortality.6-8 The in-
creased risk of C. diff infections may lead to increased C.
diff-associated mortality.” Disruption in the gastrointesti-
nal microbiome due to prolonged antibiotic exposure in im-
munocompromised patients may induce bacterial translo-
cation and increase susceptibility to infections and other
long-term complications post-HCT.10 Therefore, limiting
the duration of exposure to broad spectrum antibiotics may
prove to be a key antimicrobial stewardship practice. With
growing evidence and recommendations in support of
broad-spectrum antibiotic DE in neutropenic patients, the
Cleveland Clinic Blood and Marrow Transplant program im-
plemented a DE protocol in which patients undergoing al-
logeneic HCT, autologous HCT, and CAR T-cell therapy who
have been afebrile and treated with broad spectrum antibi-
otics for at least 72 hours could be de-escalated to standard
prophylactic antibiotics regardless of ANC. The goal of this
review was to evaluate the impact of early antibiotic DE on
days of antibiotic therapy and relevant patient outcomes

2. MATERIALS AND METHODS

This was a retrospective single-center review at a tertiary
academic medical center. Clinical patient data were col-
lected from an institutional database and through elec-
tronic medical record review. The antibiotic DE protocol
was developed by a program of clinical pharmacists in col-
laboration with HCT/CAR T-cell therapy and infectious dis-
ease physicians and implemented in February 2019. Pa-
tients admitted to the hospital under the care of the Blood
and Marrow Transplant Service for HCT or CAR T-cell in-
fusion from February 2019 through September 2019 were
considered the post-DE group. These patients were com-
pared to a historical cohort of patients hospitalized and
treated from February 2018 through September 2018. The
transitional period from October 2018 through January

2019 was used to develop and implement the standardized
clinical protocol and to educate and onboard health pro-
fessionals (e.g., physicians, advanced practice providers,
nurses, pharmacists, etc.). As the standard of care at our
Blood and Marrow Transplant service, all autologous and
allogeneic HCT and CAR T-cell therapy recipients were hos-
pitalized for post-cellular therapy infusion care (at the start
of conditioning for HCT recipients and day 0 for CAR T-cell
therapy recipients).

Inclusion criteria included any patient > 18 years of age
hospitalized for infusion of a cellular therapy product with
a documented neutropenic fever, defined as a single oral
temperature >38.0°C in the setting of an ANC <500 cells/
mm?3 per institutional practices. At the time of fever, the
prophylactic antibiotic agent (ciprofloxacin 500 mg orally
every 12 hours for the autologous HCT or CAR-T cell re-
cipients and sulfamethoxazole-trimethoprim 800/160 mg
orally every 12 hours for allogeneic HCT recipients) was
discontinued. An antipseudomonal antibiotic (piperacillin-
tazobactam as the first line with cefepime, meropenem,
or aztreonam as alternatives) was initiated. Vancomycin
was added for suspected catheter-related infection, sus-
pected skin or skin structure infection, radiographic evi-
dence of pneumonia, or if there was growth of a Gram-pos-
itive organism in blood cultures. Standard workup at onset
of fever included blood cultures (including from central ve-
nous catheter), urinalysis, urine culture, chest X-ray, and
any other evaluation based on clinical signs and symptoms.

The DE criteria per protocol included (1) treatment with
at least three days of empiric broad-spectrum an-
tipseudomonal antibiotics, (2) afebrile for at least 72 hours,
and (3) no clinical, laboratory, or radiological evidence of
infection. All patients within the pre-DE group continued
broad-spectrum antibiotics until ANC recovery, defined as
the first day the ANC > 500 cells/mm3. All patients within
the post-DE group had their antipseudomonal antibiotic
discontinued once all criteria for DE were met and the prior
prophylactic antibiotic was re-initiated. Patients with
proven infection via culture data, imaging, or physical exam
before antibiotic DE were excluded from this review as they
did not meet predefined criteria. When implementing the
DE protocol, a discussion was had amongst the multidis-
ciplinary team regarding the timeframe to DE antibiotics
(i.e., patients being afebrile for 48 or 72 hours). Although
there are data to support DE in patients who are afebrile for
at least 48 hours, the team felt more comfortable using a 72
hour timeframe to distinguish any new fevers arising from
new infections being related to DE.>

The primary endpoint was the difference in number of
antibiotic therapy days between the pre and post DE group.
‘Antibiotic therapy days’ was defined as the total number of
days that empiric broad spectrum antipseudomonal antibi-
otics were administered upon presentation of initial fever,
excluding any prophylactic antimicrobials. For multiple an-
tibiotics, each day a broad-spectrum antibiotic was given
was counted as 1 day of therapy towards the total number
of days, excluding prophylactic antimicrobials (e.g., A pa-
tient who receives piperacillin-tazobactam for 4 days and
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Figure 1. Study Design and Timeframe of Endpoints. Overview of study design to assess antibiotic de-escalation

(DE).

Hematopoietic cell transplant patients (HCT) and chimeric antigen receptor (CAR) T-cell therapy patients are being evaluated between the onset of febrile neutropenia (FN) and en-
graftment. In the pre-de-escalation (pre-DE) group, patients were started on broad-spectrum antibiotics at the onset of FN and continued until engraftment. In the post-de-escala-
tion (post-DE) group, patients were also started on broad-spectrum antibiotics upon FN. However, these patients were eligible for antibiotic DE and switched to prophylactic antibi-
otics if the criteria for antibiotic DE were met. The criteria for antibiotic DE included (1) treatment with at least three days of empiric broad-spectrum antipseudomonal antibiotics,
(2) afebrile for at least 72 hours, and (3) no clinical, laboratory, or radiological evidence of infection. Intensive care unit (ICU) admission, recurrent fevers, and re-escalation of antibi-
otic therapy were captured within a 72-hour timeframe after antibiotic DE in the post-DE group. A 72-hour timeframe was chosen to reduce the potential for additional fevers or es-

calation of therapy driven by new infections unrelated to DE.

vancomycin for 3 of these 4 days, the total antibiotic ther-
apy days of is counted as 7 days).

Secondary endpoints included differences in rates of
subsequent bacteremia during index hospitalization,
30-day mortality, hospital length of stay (LOS), and rates of
C. diff infections. Bacteremia was defined as a laboratory-
confirmed bloodstream infection (BSI). C. diff diagnosis was
based on a polymerase chain reaction (PCR) positive result
during index hospitalization. In addition, admission to the
intensive care unit (ICU), recurrent fevers, and re-escala-
tion of antibiotic therapy were evaluated within a 72-hour
after antibiotic DE in the post-DE group (Figure 1). Re-es-
calation of antibiotic therapy was defined as the escalation
from prophylactic to broad-spectrum antibiotic agents af-
ter DE occurred. The broad-spectrum antibacterial initiated
at the time of FN was also collected.

Continuous variables were summarized as mean, stan-
dard deviation, median, minimum, and maximum and were
compared between groups with the Wilcoxon rank sum test.
Categorical variables were summarized as frequency counts
and percentages and compared with Chi-square Fisher’s ex-
act test.

3. RESULTS

A total of 131 patients were included in this review. Base-
line demographics were similar between groups. The me-
dian age was 59 years in the pre-DE and 60 years in the
post-DE group. The most common indication for HCT was
non-Hodgkin lymphoma (NHL) in both groups. A total of

41 (31.2%) patients received allogeneic HCT, 78 (59.5%) re-
ceived autologous HCT, and 12 (9.2%) patients underwent
CAR T-cell therapy. The most common conditioning regi-
men for patients undergoing autologous HCT was busulfan/
cyclophosphamide/etoposide (BuCyVP) [36 (27.5%)], while
those undergoing an allogeneic HCT received a reduced
intensity (RIC) busulfan/fludarabine (BuFlu) [13 (9.9%)].
Given the heterogeneity of disease and cell therapy ap-
proaches, disease status at the time of HCT was signif-
icantly different between each group as there were 27
(42.2%) patients in complete response in the pre-DE com-
pared to 23 (34.4%) in the post-DE group (P=0.05) (Table
1). The median total antibiotic days of therapy was signifi-
cantly lower in the post-DE group compared to the pre-DE
group (6 versus 8 days, respectively, p=0.034) (Figure 2).

Bacteremia was identified in three (3.5%) patients in the
post-DE group but none in the pre-DE group (Table 2). One
patient experienced recurrent fever 145 hours after antibi-
otic DE and was re-escalated to piperacillin-tazobactam.
That patient was switched to daptomycin when blood cul-
tures grew Rothia mucilaginosa. The second patient experi-
enced a fever 25 days after antibiotic DE and was re-esca-
lated to piperacillin-tazobactam. That patient was switched
to vancomycin when blood cultures grew methicillin-resis-
tant Staphylococcus epidermidis. The third patient experi-
enced recurrent fever 170 hours after DE and was re-esca-
lated to piperacillin-tazobactam; blood cultures later grew
Pseudomonas aeruginosa.

No patient deaths occurred within 30 days of HCT. The
median LOS was 21 days for each group. C. diff infections
were numerically higher in the post-DE group; however,
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Table 1. Patient and Transplant Characteristics

Pre-DE (n=64) Post-DE (n=67) P-value
Median age, years (range) 59 (20-80) 60(21-73) 0.46
Female, n (%) 29 (45.3) 34 (50.7) 0.53
Race, n (%)
White 55(85.9) 62(92.5)
Black 3(4.7) 4(6) 0.23
Asian 2(3.1) 0(0)
Other 4(6.2) 1(1.5)
Karnofsky performance status, n (%)
100 19(29.7) 10(14.9)
90 26 (40.6) 33(49.3) 0.24
80 15(23.4) 20(29.9)
70 4(6.2) 4(6)
Diagnosis, n (%)
NHL 27 (42.2) 28(41.8)
MM 8(12.5) 16 (23.9) 0.76
MDS 10(15.6) 7(7.4)
AML 4(6.2) 6(9.0)
HL 4(6.2) 3(4.5)
MF 3(4.7) 2(3.0)
Germ Cell 3(4.7) 2(3.0)
ALL 2(3.1) 2(3.0)
CML 1(1.6) 1(1.5)
Testicular 2(3.1) 0(0)
Conditioning regimen, n (%)
BuCyVP 17 (26.6) 19(28.4)
Melphalan 8(12.5) 16 (23.9) 0.34
BuFlu 5(7.8) 8(11.9)
BEAM 7(10.9) 5(7.5)
FluCy 6(9.4) 6(9.0)
CarboVP 5(7.8) 2(3.0)
FluCyTBI 5(7.8) 2(3.0)
BuCy 4(6.2) 2(3.0)
BuFIuATG 4(6.2) 2(3.0)
FIuCyTBIATG 1(1.6) 2(3.0)
FluTBI 0(0) 3(4.5)
VPTBI 2(3.1) 0(0)
Transplant type, n (%)
Allogeneic 22(34.4) 19(28.4) 0.74
Autologous 36(56.2) 42(62.7)
CAR-T 6(9.4) 6(9)
Disease status, n (%)
Complete response 27 (42.2) 23(34.3)
Partial response 11(17.2) 24 (35.8) 0.05
No response 9(14.1) 5(7.5)
Relapse 11(17.2) 5(7.5)
Other 6(9.4) 10(14.9)

Abbreviations: DE, de-escalation; NHL, non-Hodgkin’s lymphoma; MM, multiple myeloma; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; HL, Hodgkin lym-
phoma; MF, myelofibrosis; ALL, acute lymphoblastic leukemia, CML, chronic myeloid leukemia; BuCyVP, busulfan/cyclophosphamide/etoposide; BuFlu, busulfan/fludarabine; BEAM,
carmustine/etoposide/cytarabine/melphalan; FluCy, fludarabine/cyclophosphamide; CarboVP, carboplatin/etoposide; FluCyTBI, fludarabine/cyclophosphamide/total body irradiation;
BuCy, busulfan/cyclophosphamide; BuFIuATG, busulfan/fludarabine/anti thymocyte globulin; FluCyTBIATG, fludarabine/cyclophosphamide/total body irradiation/ anti thymocyte
globulin; FIuTBI, fludarabine/total body irradiation; VPTBI, etoposide/total body irradiation; CAR-T, chimeric antigen receptor T-cell

this finding was insignificant (3% versus 0%, p=0.50) (Table
2).

In the post-DE group, there were no ICU admissions
within 72 hours of DE. The rate of recurrent fever within 72
hours was 7.5% in the post-DE. All patients were restarted
on broad-spectrum antibiotic therapy, which was continued
through neutrophil engraftment (Table 2). Piperacillin-
tazobactam was the most common broad-spectrum an-
tibacterial used during FN (Table 3).

4. DISCUSSION

A significant reduction in antibiotic days of therapy without
notable differences in clinical outcomes was observed in
this single-center retrospective review of antibiotic DE be-
fore neutrophil recovery in HCT or CAR T-cell therapy re-
cipients. The abbreviated use of antibiotics without com-
promising patient safety has the potential to improve
patient outcomes by limiting the emergence of MDR in-
fections and reducing antibiotic adverse events, which are
key areas of antimicrobial stewardship widely advocated by
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Figure 2. Antibiotic Days of therapy

Antibiotic days of therapy in the post -de-escalation (DE) group and the pre-de-escala-
tion (DE) group.

multiple organizations.!1-12Additionally, less antibiotic use
may result in decreased healthcare resource utilization and
overall cost.12-14

Recent literature prospectively evaluated the discontin-
uation of antipseudomonal antibiotics in patients with
hematological malignancies, regardless of neutrophil
count, and found this strategy significantly decreased days
of antibiotic use with no impact on mortality.1> A retro-
spective study evaluating antibiotic DE in patients who re-
ceived HCT and had not engrafted reported similar results,
with decreased days of antibiotics and no increase in mor-
tality.16 Additionally, a retrospective analysis of antibiotic
DE in HCT patients revealed no differences in mortality
rates, new infections, or clinical deterioration compared
to patients without early antibiotic DE. This suggests that
early antibiotic DE is safe, resulting in lower healthcare

Table 2. Safety endpoints

costs and less exposure to broad-spectrum antibiotics.17 As
this review concludes, the practice of early antibiotic DE
has shown no negative impact on patient outcomes, includ-
ing hospital LOS, morbidity, or mortality.

As previously discussed under our DE protocol, patients
could be de-escalated to prophylactic antibiotics if they had
received broad-spectrum antibiotics and were afebrile for
at least 72 hours. The 72-hour window was considered ap-
propriate to differentiate any additional fever or escala-
tion of antibiotic therapy driven by new infections from be-
ing related to de-escalation. This is consistent with other
clinical studies evaluating antibiotic de-escalation time-
frames.18-20

The observed 4.5% rate of bacteremia in the post-DE
group was lower than nationally reported in a similar popu-
lation (10-30%).21-24 This discrepancy may be attributed to
the study design, as those patients with a positive microbi-
ologic diagnosis before DE were excluded.l” The low inci-
dence of bacterial growth on culture beyond 72 hours sup-
ports this timeframe for DE, as there is a very low likelihood
a source will later be identified.

C. diff infections were diagnosed via PCR only. On June
5th’ 2018, our institution incorporated a new two-step
process for diagnosing C. diff infection in which all PCR-
positive samples underwent confirmatory toxin enzyme im-
munoassay (EIA) testing. Because of the timing of the im-
plementation of this practice, the EIA data are only
available for those in the post-DE; therefore, they were not
used for this report. Interestingly, all C. diff PCR-positive
samples with available EIA results were negative, suggest-
ing the rate of C. diff infections may be overestimated in
both cohorts.

Due to the nature of this review, there was an inherent
imbalance in the comparison of groups of patients, given
the evaluation of two different time points, pre- and post-
antibiotic DE. Therefore, patients with neutrophil recovery
in the pre-DE group were compared to neutropenic patients
in the post-DE group, which we acknowledge is a potential
flaw. Additionally, although the endpoints of recurrent
fever and escalation of therapy were collected for both
groups, these are certainly more valuable within the post-
DE group, as they are strong tools to support the safety
and efficacy of antibiotic DE. As such, conclusions should

Pre-DE (n=64) Post-DE (n=67) P-value
Engraftment, days (+ SD)* 12 (4) 13(5) 0.30
Length of stay, days (+SD) 21(9) 21(9) 0.96
Recurrent fever within 72 hours of DE, n (%) 5(7.8) 5(7.5) --
Escalation of therapy, n (%) 2 (40) 5(100)

30 day mortality, n (%) 0(0) 0(0) --

ICU admission within 72 hours, n (%) 0(0) 0(0) --
Bacteremia, n (%) 0(0) 3(4.5) NS

C. Diff PCR positive, n (%) 0(0) 2(3) 0.50

Abbreviations: DE, de-escalation; ICU, intensive care unit; C. diff, Clostridioides difficile; PCR, polymerase chain reaction; SD, standard deviation; NS, not significant

*Engraftment defined as the first day ANC > 500 cells/mm3

Clinical Hematology International

63


https://chi.scholasticahq.com/article/94105-early-de-escalation-of-antibiotic-therapy-in-hospitalized-cellular-therapy-adult-patients-with-febrile-neutropenia/attachment/196579.png

Early de-escalation of antibiotic therapy in hospitalized cellular therapy adult patients with febrile neutrop...

Table 3. Broad Spectrum Antibacterial Initiated Upon Febrile Neutropenia

Pre-DE (n=64) Post-DE (n=67)
Aztreonam, n (%) 2(3.1) 1(1.5)
Cefepime, n (%) 1(1.6) 0(0)
Gentamicin, n (%) 1(1.6) 0(0)
Meropenem, n (%) 4(6.2) 0(0)
Piperacillin-Tazobactam, n (%) 55(85.9) 66(98.5)

be primarily drawn from the data captured in the post-DE
group. The rate of recurrent fever within 72 hours of antibi-
otic DE was low, at approximately 8% in our post-DE co-
hort, followed by re-escalation of therapy. Although these
patients experienced recurrent fever, this did not translate
into a decline in clinical status or increase in mortality, as
shown by no ICU admissions within 72 hours of the antibi-
otic DE and no mortality events within 30 days.

Other limitations of this study include the retrospective
design, which limits the ability to assess other factors that
may affect outcomes. Specific pertinent clinical data were
not available for the analysis of our study (i.e., oral mucosi-
tis scores, etc.). Additionally, there is inherent heterogene-
ity present in the groups due to the multiple disease states
and cell therapy approaches, which influence several fac-
tors, including levels of immunosuppression, hospital LOS
due to different admission days for conditioning or lym-
phodepletion regimens, and disease response status at the
time of HCT/CAR T-cell. This study was predominantly de-
scriptive, but it highlights important information to add to
the literature for early DE from broad-spectrum antibiotics.
More extensive prospective studies may help confirm these
results and allow for further investigation of the impact
of an antibiotic DE practice on subsequent infection and
cellular therapy outcomes. The results of this review indi-
cate the safety of antibiotic DE across HCT and CAR T-cell
therapy patients. Despite antibiotic DE, the rates of fever

resurgence and need for additional antibiotics is low, and
this practice does not negatively impact subsequent infec-
tions or mortality. This DE practice has increased antimi-
crobial stewardship awareness amongst this interdiscipli-
nary team, resulting in a similar antibiotic DE pilot within
the malignant hematology department.

In conclusion, this review supports the safety and feasi-
bility of antibiotic DE in patients undergoing HCT or CAR
T-cell therapy who develop FN. Incorporating antibiotic DE
in patients who have had at least three days of empiric
broad-spectrum antimicrobials, remain afebrile for at least
72 hours, and have resolution of signs or symptoms of in-
fection significantly decreased the days of antibiotic ther-
apy and did not have a negative impact on outcomes.

FINANCIAL DISCLOSURE
The authors have nothing to disclose concerning this study
NOTE

The corresponding author was employed at the Cleveland
Clinic during the conduct of this study

Submitted: June 25, 2023 GMT, Accepted: August 14, 2023
GMT

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information.

Clinical Hematology International 64



Early de-escalation of antibiotic therapy in hospitalized cellular therapy adult patients with febrile neutrop...

REFERENCES

1. Fletcher M, Hodgkiss H, Zhang S, et al. Prompt
administration of antibiotics is associated with
improved outcomes in febrile neutropenia in children
with cancer. Pediatr Blood Cancer.
2013;60(8):1299-1306. doi:10.1002/pbc.24485

2. Rosa RG, Goldani LZ. Cohort study of the impact of
time to antibiotic administration on mortality in
patients with febrile neutropenia. Antimicrob Agents
Chemother. 2014;58(7):3799-3803. doi:10.1128/aac.02
561-14

3. Freifeld AG, Bow EJ, Sepkowitz KA, et al. Clinical
Practice Guideline for the Use of Antimicrobial
Agents in Neutropenic Patients with Cancer: 2010
Update by the Infectious Diseases Society of America.
Clin Infect Dis. 2011;52(4):e56-€93. doi:10.1093/cid/ci
1073

4. National Comprehensive Cancer Network (NCCN).
NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines). Prevention and Treatment of
Cancer-Related Infections. Version 1.2021. 2021.

5. Averbuch D, Orasch C, Cordonnier C, et al.
European guidelines for empirical antibacterial
therapy for febrile neutropenic patients in the era of
growing resistance: summary of the 2011 4th
European Conference on Infections in Leukemia.
Haematologica. 2013;98(12):1826-1835. doi:10.3324/h
aematol.2013.091025

6. Tumbarello M, Spanu T, Sanguinetti M, et al.
Bloodstream Infections Caused by Extended-
Spectrum-f-Lactamase-Producing Klebsiella
Pneumoniae: Risk Factors, Molecular Epidemiology,
and Clinical Outcome. Antimicrob Agents Chemother.
2006;50(2):498-504. doi:10.1128/aac.50.2.498-504.20
06

7. Trecarichi EM, Tumbarello M, Spanu T, et al.
Incidence and clinical impact of extended-spectrum-
B-lactamase (ESBL) production and fluoroquinolone
resistance in bloodstream infections caused by
Escherichia coli in patients with hematological
malignancies. J Infect. 2009;58(4):299-307. doi:10.101
6/j.jinf.2009.02.002

8. Centers for Disease Control and Prevention.
Bloodstream Infection Event (Central Line-
Associated Bloodstream Infection and Non-central
Line Associated Bloodstream Infection). Published
January 2021. https:/www.cdc.gov/nhsn/pdfs/pscma
nual/4psc_clabscurrent.pdf

9. Yoon YK, Kim MJ, Sohn JW, et al. Predictors of
mortality attributable to Clostridium difficile
infection in patients with underlying malignancy.
Support Care Cancer. 2014;22(8):2039-2048. doi:10.10
07/s00520-014-2174-7

10. Taur Y, Pamer EG. The intestinal microbiota and
susceptibility to infection in immunocompromised
patients. Curr Opin Infect Dis. 2013;26(4):332-337. do
i:10.1097/qc0.0b013e3283630dd3

11. Centers for Disease Control and Prevention. Core
elements of hospital antibiotic stewardship
programs. Accessed November 2021. http:/www.cd
c.gov/getsmart/healthcare/implementation/core-ele
ments.html

12. Dellit TH, Owens RC, McGowan JE, et al. IDSA/
SHEA guidelines for developing an institutional
program to enhance antimicrobial stewardship. Clin
Infect Dis. 2007;44(2):159-177. doi:10.1086/510393

13. Fridkin SK, Baggs J, Fagan R, et al. Vital Signs:
Improving Antibiotic Use Among Hospitalized
Patients. MMWR Morbidity and mortality weekly
report. 2014;63.

14. Barlam TF, Cosgrove SE, Abbo LM, et al.
Implementing an Antibiotic Stewardship Program:
Guidelines by the Infectious Diseases Society of
America and the Society for Healthcare Epidemiology
of America. Clin Infect Dis. 2016;62(10):e51-e77. doi:1
0.1093/cid/ciw118

15. Aguilar-Guisado M, Espigado I, Martin-Pena A, et
al. Optimisation of empirical antimicrobial therapy in
patients with haematological malignancies and
febrile neutropenia (How Long study): an open-label,
randomised, controlled phase 4 trial. Lancet
Haematol. 2017;4(12):e573-e583. d0i:10.1016/5235
2-3026(17)30211-9

16. Gustinetti G, Raiola AM, Varaldo R, et al. De-
Escalation and Discontinuation of Empirical
Antibiotic Treatment in a Cohort of Allogeneic
Hematopoietic Stem Cell Transplantation Recipients
During the Pre-Engraftment Period. Biol Blood
Marrow Transplant. 2018;24(8):1721-1726. doi:10.101
6/j.bbmt.2018.03.018

17. Rearigh L, Stohs E, Freifeld A, Zimmer A. De-
escalation of empiric broad spectrum antibiotics in
hematopoietic stem cell transplant recipients with
febrile neutropenia. Ann Hematol.
2020;99(8):1917-1924. d0i:10.1007/s00277-020-0413
2-0

Clinical Hematology International

65


https://doi.org/10.1002/pbc.24485
https://doi.org/10.1128/aac.02561-14
https://doi.org/10.1128/aac.02561-14
https://doi.org/10.1093/cid/cir073
https://doi.org/10.1093/cid/cir073
https://doi.org/10.3324/haematol.2013.091025
https://doi.org/10.3324/haematol.2013.091025
https://doi.org/10.1128/aac.50.2.498-504.2006
https://doi.org/10.1128/aac.50.2.498-504.2006
https://doi.org/10.1016/j.jinf.2009.02.002
https://doi.org/10.1016/j.jinf.2009.02.002
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://doi.org/10.1007/s00520-014-2174-7
https://doi.org/10.1007/s00520-014-2174-7
https://doi.org/10.1097/qco.0b013e3283630dd3
https://doi.org/10.1097/qco.0b013e3283630dd3
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
https://doi.org/10.1086/510393
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1093/cid/ciw118
https://doi.org/10.1016/s2352-3026(17)30211-9
https://doi.org/10.1016/s2352-3026(17)30211-9
https://doi.org/10.1016/j.bbmt.2018.03.018
https://doi.org/10.1016/j.bbmt.2018.03.018
https://doi.org/10.1007/s00277-020-04132-0
https://doi.org/10.1007/s00277-020-04132-0

Early de-escalation of antibiotic therapy in hospitalized cellular therapy adult patients with febrile neutrop...

18. Snyder M, Pasikhova Y, Baluch A. Early
Antimicrobial De-escalation and Stewardship in
Adult Hematopoietic Stem Cell Transplantation
Recipients: Retrospective Review. Open Forum Infect
Dis. 2017;4(4):1-10. doi:10.1093/ofid/0fx226

19. Kroll AL, Corrigan PA, Patel S, Hawks KG.
Evaluation of empiric antibiotic de-escalation in
febrile neutropenia. ] Oncol Pharm Pract.
2016;22(5):696-701. doi:10.1177/1078155215597558

20. Alegria W, Marini BL, Gregg KS, Bixby DL,
Perissinotti A, Nagel J. Early Antibiotic
Discontinuation or De-escalation in High-Risk
Patients With AML With Febrile Neutropenia and
Prolonged Neutropenia. ] Natl Compr Canc Netw.
2022;20(3):245-252. doi:10.6004/jnccn.2021.7054

21. Klastersky J, Ameye L, Maertens ], et al.
Bacteraemia in febrile neutropenic cancer patients.
Int ] Antimicrob Agents. 2007;30(Suppl 1):S51-S59. do
i:10.1016/j.ijantimicag.2007.06.012

22. Nesher L, Rolston KV. The current spectrum of
infection in cancer patients with chemotherapy
related neutropenia. Infection. 2014;42(1):5-13. doi:1
0.1007/s15010-013-0525-9

23. Crawford J, Dale DC, Lyman GH. Chemotherapy-
induced neutropenia: risks, consequences, and new
directions for its management. Cancer.
2004;100(2):228-237. d0i:10.1002/cncr.11882

24. Zimmer AJ, Freifeld AG. Optimal Management of
Neutropenic Fever in Patients With Cancer. ] Oncol
Pract. 2019;15(1):19-24. doi:10.1200/jop.18.00269

Clinical Hematology International

66


https://doi.org/10.1093/ofid/ofx226
https://doi.org/10.1177/1078155215597558
https://doi.org/10.6004/jnccn.2021.7054
https://doi.org/10.1016/j.ijantimicag.2007.06.012
https://doi.org/10.1016/j.ijantimicag.2007.06.012
https://doi.org/10.1007/s15010-013-0525-9
https://doi.org/10.1007/s15010-013-0525-9
https://doi.org/10.1002/cncr.11882
https://doi.org/10.1200/jop.18.00269

	Key Words
	1. Introduction
	2. Materials and Methods
	3. Results
	4. Discussion
	Financial Disclosure
	Note

	References

