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Key Points

• Given a growing
antimicrobial
resistance, the utility of
fluoroquinolones
prophylaxis in
neutropenic transplant
recipients is
controversial.

• Prophylaxis is
preventive for blood-
stream infection, not
for mortality; its
discontinuation
concurred to reduce
antimicrobial
resistance.
.pdf by guest on 20 July 2023
Fluoroquinolone prophylaxis’s (FQ-P) usefulness in patients with neutropenia is

controversial. In recent decades, Italian epidemiological data has shown worrisome rates of

FQ resistance. A single-center cohort study on 136 autologous stem cell transplantations

(ASCTs) and 223 allogeneic hematopoietic stem cell transplantations (allo-HSCTs) was

performed from January 2018 to December 2020. Piperacillin/tazobactam was the first-line

therapy for febrile neutropenia (FN). Since February 2019, FQ-P has been omitted. We

evaluated the day +30 posttransplant cumulative incidence function (CIF) of gram-negative

bacteria pre-engraftment bloodstream infections (PE-BSIs) and any changes in antimicrobial

resistance, FN, and infection-related mortality (IRM). In ASCTs, ≥1 FN episode occurred in

74.3% of transplants, without differences among groups (P = .66). CIF of gram-negative

bacteria PE-BSI was 10.1%, with a significant difference according to FQ-P (0% [LEVO-group]

vs 14.1% [NO-LEVO-group], P = .016). CIF of IRMwas 0% in both groups. In allo-HSCTs, ≥1 FN

episode occurred in 96.4% of transplants, without differences among groups (P = .72). CIF of

gram-negative bacteria PE-BSI was 28%, significantly higher without FQ-P (14.7% [LEVO-

group] vs 34.4% [NO-LEVO-group], P = .003). CIF of IRM was 5%, superimposable in both

groups (P = .62). Comparing antimicrobial resistance among gram-negative bacteria of allo-

HSCT setting, in the group without FQ-P, a significantly higher proportion of pathogens was

susceptible to piperacillin/tazobactam (71% vs 30%, P = .026), FQ (49% vs 10%, P = .03), and

carbapenems (95% vs 50%, P = .001). FQ-P discontinuation increased gram-negative bacteria

PE-BSI but did not impact IRM, both in the ASCT and allo-HSCT settings; importantly, it

concurred to significantly decrease antimicrobial resistance in gram-negative bacteria.

Introduction

Hematopoietic stem cell transplantation (HSCT) is an established treatment for many hematological
diseases.1 Although over the past decades improvements have been made in transplant recipients’
ctober 2022; prepublished online on
2022; final version published online 26
vances.2022008226.

responding author, Fabio Ciceri (ciceri.

The full-text version of this article contains a data supplement.

© 2023 by The American Society of Hematology. Licensed under Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with attribution. All other rights
reserved.

1621

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1182/bloodadvances.2022008226
mailto:ciceri.fabio@hsr.it
mailto:ciceri.fabio@hsr.it
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2022008226&domain=pdf&date_stamp=2023-04-26


D
ow

nloaded from
 http://ashpublications.org/bloodadvances/article-pdf/7/9/1621/2049019/blooda_adv-2022-008226-m

ain.pdf by guest on 20 July 2023
care, transplant-related mortality still represents a relevant cause of
death,2 particularly for infectious complications and gram-negative
bacteria (GNB) pre-engraftment bloodstream infections (PE-BSI)
during the early post-HSCT phase.3-6

In this context, fluoroquinolone prophylaxis (FQ-P) has been largely
adopted worldwide in hematological patients affected by acute
leukemia or undergoing HSCT with expected profound and pro-
tracted neutropenia.7,8 Two randomized trials showed a significant
decrease in febrile neutropenia (FN) and GNB BSIs in patients
receiving FQ-P.9,10 Moreover, a meta-analysis reported lower
mortality in this setting.11 Concerns were raised regarding the fact
that an increasing antimicrobial resistance (AMR) in the community
might have a negative impact on FQ-P efficacy in hematology;
likewise, its extensive use could increase AMR.12,13 Consequen-
tially, in 2015, the European Conference on Infections in Leukemia
group decided to reassess the impact of FQ-P.14 Overall,
according to the results from 2 randomized studies15,16 and
several observational studies, FQ-P is preventive for FN and BSI;
however, it has shown no improvement in mortality rates. A meta-
regression analysis was also performed to investigate whether
the background FQ resistance rate (which did not exceed 20%
and 28% in the community and hospital, respectively) negatively
affected FQ-P efficacy and found no effect. Thus, experts sug-
gested weighing the benefit of FQ-P decreasing BSI rates against
the disadvantages of its toxicity and ecological changes.17,18

Italian epidemiological data show worrisome rates of FQ resistance
(2020 annual report19: 37.6% in Escherichia coli, 52.4% in Kleb-
siella pneumoniae, and 19.6% in Pseudomonas aeruginosa). Our
Hematology and Bone Marrow Transplant Unit also displayed high
AMR rates in isolates from allogeneic HSCT (allo-HSCT) recipients
with GNB PE-BSIs (71% piperacillin/tazobactam-resistant, 82%
FQ-resistant, and 29% carbapenem-resistant [CR]).20 Moreover,
alterations of the intestinal microbiome have been reported in
patients receiving FQ-P, potentially affecting the occurrence of BSI
after allo-HSCT.21

Since February 2019, considering our local epidemiology while
maintaining an active microbiological surveillance, we decided to
discontinue FQ-P. Here, we continued to prospectively collect
microbiological data from transplant recipients to analyze any
changes in PE-BSI incidence and AMR of GNB, FN, and mortality.

Methods

This prospective cohort study included consecutive adults who
underwent transplantation, either autologous stem cell transplant
(ASCT) or allo-HSCT, at our institution from January 2018 to
December 2020.

Patients were enrolled in the study upon written informed consent for
transplant procedures and the use of medical records for research
and were treated according to institutional standard of care.

We collected patients’ age, sex, diagnosis, diseases status at
transplant, non–age-adjusted HSCT comorbidity index,22 multidrug
resistant (MDR) GNB colonization, presence of neutropenia before
transplant, antibiotics exposure and BSI episodes <3 months
before transplant, conditioning regimen, donor type, neutrophils
engraftment, data on BSI and antibiotic susceptibilities, presence
of graft-versus-host disease (GVHD), disease relapse, overall sur-
vival, and cause of death.
1622 CLERICI et al
Hematological treatment’s platforms were uniform throughout the
overall study period.

The study outcomes included: (1) the cumulative incidence of PE-
BSI, especially GNB PE-BSI, and AMR rates with and without FQ-
P; (2) the cumulative incidence of FN and infection-related mortality
(IRM); and (3) the evaluation of risk factors for GNB PE-BSIs.

Baseline (day 0) was defined as the date of ASCT or allo-HSCT
graft infusion.

All patients were transplanted and hospitalized until neutrophil
engraftment.

Follow-up was censored at the date of the occurrence of the event
of interest or the competing event or the last available visit,
whichever occurred first.

Definitions

Neutropenia was defined as an absolute neutrophils count (ANC)
<500 cells/mm3.

Neutropenia before transplant was defined as ANC <500 cells/mm3

on the day of transplant for at least 7 days before, taking into account
whether or not the conditioning regimen had begun in aplasia.

Engraftment was defined as the first of 3 consecutive days with
ANC >500 cells/mm3.

PE-BSIs were defined as the isolation of a pathogen from ≥1 blood
culture of a patient with neutropenia from the beginning of condi-
tioning chemotherapy to neutrophil engraftment. In the case of
common skin contaminants, BSIs were diagnosed if ≥2 consecu-
tive blood cultures were positive for the same species. BSIs were
considered polymicrobial if ≥2 pathogens were isolated from a
single blood culture.

IRM was defined as the time from transplantation to death by an
infectious cause without relapse/recurrence or GVHD.

Acute GVHD occurs within 100 days after HSCT and was defined
and scored according to the criteria described in Harris et al.23

Transplant-related mortality was defined as the time from transplant
to death by a transplant-related cause without relapse.

Patients were defined as MDR-GNB rectal carriers if they had a
positive rectal swab within 30 days before transplant.

Underlying diseases were classified as follows: (1) myeloid disor-
ders (acute myeloid leukemia, myelodysplastic syndrome, chronic
myelomonocytic leukemia, and myeloproliferative disorders); (2)
lymphoid disorders (acute lymphoblastic leukemia, non-Hodgkin
lymphoma, Hodgkin lymphoma, multiple myeloma, chronic lym-
phocytic leukemia, amyloidosis, plasma cell leukemia, and POEMS
syndrome); and (3) other disorders (severe aplastic anemia,
inherited disorders, and neurological autoimmune disorders).

Infection prophylaxis and treatments

Anti-infectious prophylaxis was administered according to institu-
tional protocols, based on international recommendations.24-28

With regard to antibacterial prophylaxis, from the onset of condi-
tioning, patients received levofloxacin 500 mg daily until engraft-
ment. According to a change in institutional guidelines, since
February 2019, levofloxacin prophylaxis was omitted in hospitalized
patients receiving ASCT and allo-HSCT.
9 MAY 2023 • VOLUME 7, NUMBER 9
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During the overall study period, the institutional microbiological
surveillance program included performing a rectal swab culture to
detect any colonization by CR-GNB at admission and weekly
thereafter (active surveillance) and collecting blood cultures at FN
onset (passive surveillance).

Drug-resistant GNB were defined as follows: (1) extended-
spectrum β-lactamases (ESBLs) Enterobacterales were defined
as bacteria producing ESBLs enzymes that break down and
destroy some commonly used antibiotics, including penicillin and
cephalosporins; (2) carbapenem resistance was defined according
to the 2015 Centers for Disease Control and Prevention criteria;
briefly, Enterobacterales that test resistant to at least 1 of the
carbapenem antibiotics or produce carbapenemase are called
CR-Enterobacterales; and (3) GNB isolates were classified as
MDR if they acquired nonsusceptibility to at least 1 agent in 3 or
more antimicrobial categories, according to the criteria described
by Magiorakos.29

Cultures for isolation of CR-GNB were performed on MacConkey
agar plates containing a 10 μg disk of carbapenem. After 24 to
48 hours of incubation, colonies growing close to the disk were
collected, and antimicrobial sensitivity testing was performed by
automated microdilution using the Vitek-2 AST-GN202 card
(replaced by AST-GN379 card from June 2018). The modified
Hodge test was used to phenotypically detect carbapenemase
production, and the synergy between phenylboronic acid and
carbapenems in combined disk tests was used to detect K
pneumoniae carbapenemase. Antimicrobial susceptibility testing
was confirmed by broth microdilution Sensititre system and mini-
mum inhibitory concentration values were interpreted according to
the clinical break points by European Committee on Antimicrobial
Susceptibility Testing.

For the whole study period, the first-line empiric therapy for
uncomplicated FN was piperacillin/tazobactam; in the case of
septic shock, it was meropenem plus an aminoglycoside. In MDR-
GNB carriers, the empiric therapy for FN was designed to target
such a strain in the case of severe clinical presentation and upon a
physician’s evaluation in the event of an uncomplicated presenta-
tion (first-line empirical therapy or escalation therapy in case of
fever persistence); a de-escalation strategy according to microbi-
ological results and clinical course was gradually introduced in our
institution starting in 2013.

Finally, there has been no difference in the use of broad-spectrum
antibiotics for the empiric management of FN or PE-BSIs accord-
ing to FQ-P.

Transplantation-related procedures

Transplantations were performed according to institutional guidelines.

In ASCT, patients received either a myeloablative or a reduced-
intensity conditioning regimen.

In allo-HSCT, conditioning regimens were treosulfan-based,30 and
posttransplant cyclophosphamide was used for in vivo T-cell
depletion. Reduced toxicity regimens were based on treosulfan
(14 g/m2 per day) on days 6 to 4 and fludarabine (30 mg/m2 per
day) on days 6 to 2. In myeloablative regimens, patients also
received melphalan (70 mg/m2 per day) on days 3 and 2 or thio-
tepa (5 mg/kg per day) on days 3 and 2, added to treosulfan and
fludarabine. Radiotherapy was added according to local practice.
9 MAY 2023 • VOLUME 7, NUMBER 9
Donors were divided into matched related, matched unrelated,
haploidentical, and cord blood unit.

The graft source was peripheral blood stem cells in nearly all
transplants.

In most transplants, postgrafting immunosuppression consisted of
posttransplant cyclophosphamide (50 mg/kg per day) on days 3
and 4. GVHD prophylaxis protocols were calcineurin inhibitor–free,
based on sirolimus, withdrawn between 3 and 6 months after
transplant in the absence of GVHD or relapse; mofetil mycophe-
nolate was added for 30 days if the donor was not a matched
related donor. Other immunosuppressive regimens were adopted
according to local guidelines.

Further details are reported in the supplemental Materials.

Statistical analysis

The analyses were performed separately for ASCT and allo-HSCT.

Patient characteristics were described as the median (interquartile
range, IQR) for continuous variables or proportions for categorical
variables. Distributions of continuous variables were compared
using the Wilcoxon-rank sum test; differences between proportions
were tested by χ2 or Fisher exact test.

The cumulative incidence function (CIF) of any PE-BSI or GNB PE-
BSI was calculated according to FQ-P use by Gray’s method,31

accounting for competing risk of pre-engraftment death, engraft-
ment, and retransplantation, and compared; 95% confidence
intervals (CIs) of the estimated cumulative incidences were also
calculated.

CIFs were also estimated for IRM, considering relapse/progres-
sion, GVHD grade ≥2, and death from any other cause as
competing risks for IRM.

Given the low incidence rates of GNB PE-BSIs among patients
undergoing ASCT, multivariable analyses to assess factors asso-
ciated with GNB PE-BSI were performed only for those undergo-
ing allo-HSCT.

Univariable and multivariable Fine-Gray subdistribution hazard
models were applied to estimate the relative change in the rate of
the occurrence of GNB PE-BSI; these models included baseline
factors known to have a potential effect on each outcome and
other baseline covariates with a P < .2 at univariable analysis.
Hazard ratios (HR) with the corresponding 95% CI were reported.

All statistical tests were 2-sided at 5% level and were performed
using SAS statistical software version 9.4 (Statistical Analyses
System Inc, Cary, NC).

Results

Study population

We collected data from 112 of 136 patients undergoing ASCT,
including 38 receiving FQ-P (LEVO-group) and 98 not receiving
FQ-P (NO-LEVO-group). Baseline patient characteristics were not
significantly different between the groups, as shown in Table 1.

Moreover, we included data from 221 of 223 patients undergoing
allo-HSCT, including 71 receiving FQ-P (LEVO-group) and 152 not
receiving FQ-P (NO-LEVO-group). Baseline patient characteristics
are shown in Table 2. The main differences between the groups
FLUOROQUINOLONES PROPHYLAXIS OF SEVERE NEUTROPENIA 1623



Table 1. Characteristics of patients undergoing ASCT

Patients’ characteristics Overall (n = 136) LEVO-group (n = 38) NO-LEVO-group (n = 98) P value

Baseline

Age at ASCT, y, median (IQR) 59 (52-66) 63 (50-66) 58 (52-65) .86

Male sex 87 (64%) 24 (63.2%) 63 (64.3%) .90

Total number of ASCT for patient .66

First ASCT 104 (76.5%) 30 (78.9%) 74 (75.5%)

Second ASCT 30 (22%) 8 (21.1%) 22 (22.5%)

Third ASCT 2 (1.5%) 0 (0%) 2 (2%)

Diagnosis .82

Myeloid disorders 4 (2.9%) 1 (2.6%) 3 (3.1%)

Lymphoid disorders 127 (93.4%) 35 (92.1%) 92 (93.8%)

Other disorders 5 (3.7%) 2 (5.3%) 3 (3.1%)

Disease status at ASCT .46

Complete response 86 (63.2%) 21 (55.2%) 65 (66.3%)

Active disease 45 (33.1%) 15 (39.5%) 30 (30.6%)

Other 5 (3.7%) 2 (5.3%) 3 (3.1%)

Ongoing line of therapy .75

First line 104 (76.5%) 29 (76.3%) 75 (76.5%)

Second line 21 (15.4%) 5 (13.2%) 16 (16.3%)

Third line 11 (8.1%) 4 (10.5%) 7 (7.2%)

Conditioning chemotherapy .75

Myeloablative 120 (88.2%) 33 (86.8%) 87 (88.8%)

Reduced intensity 16 (11.8%) 5 (13.2%) 11 (11.2%)

ANC <500 cells/mm3 ≥ 7 d 0 (0%) 0 (0%) 0 (0%) -

MDR-GNB rectal carrier ≤30 d before ASCT 1 (0.7%) 0 (0%) 1 (1%) .53

Antibiotics ≤90 d before ASCT 12 (8.8%) 0 (0%) 12 (12.2%) .02

Follow-up

Follow-up, d, median (IQR) 318 (153-596) 758 (188-964) 256 (149-523) .0001

ANC engraftment 136 (100%) 38 (100%) 98 (100%) -

Time to engraftment, d, median (IQR) 11 (10-11.5) 11 (10-11) 11 (10-12) .82

Relapse 22 (16.2%) 10 (26.3%) 12 (12.2%) .05

Overall death 13 (9.6%) 7 (18.4%) 6 (6.1%) .03

Causes of death .13

Disease 8 (5.9%) 5 (13.2%) 3 (3.1%)

IRM 3 (2.2%) 1 (2.6%) 2 (2%)

Others 2 (1.5%) 1 (2.6%) 1 (1%)
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were: the diagnosis, with a higher percentage of patients affected
by myeloid disorders in the NO-LEVO-group; the conditioning
chemotherapy, with the reduced toxicity regimen30 more repre-
sented in the NO-LEVO-group according to center policy; and the
rate of MDR-GNB rectal carriers, which was significantly higher in
the LEVO-group (8.5% vs 2%).

Autologous stem cell transplantation

Overall, ≥1 FN episode occurred in 74.3% of ASCT (97/136 with 1
episode, 4/136 with 2 episodes) with a nonsignificant higher inci-
dence in the NO-LEVO-group (71.1% [LEVO-group], 75.5% [NO-
LEVO-group]; P = .66). In detail, among LEVO-group, 1 and 2 FN
episodes happened in 68.4%and2.6%ofASCT, respectively; among
NO-LEVO-group, the incidence was of 72.5% and 3.1%, respectively
1624 CLERICI et al
(P = .86). The median time to FN onset was day +7 after transplant
(IQR: 4-9) without difference between groups (P = .35). Details about
the empiric antibiotic treatment for the first episode of FN, along with
the duration of antibiotic therapy, are reported in Table 3.

Overall, ≥1 PE-BSI occurred in 16.2% of ASCT (22/136 with
1 episode), and the median time to the first PE-BSI was day +6 after
transplant (IQR = 4-7); the estimated CIF was 16.4% (95% CI, 10.7-
23.1), both at day +14 and day +30 after transplant. A significant
difference was observed in the day +30 CIF according to FQ-P (0%
[LEVO-group], 22.6% [NO-LEVO-group]; P = .0017).

Overall, ≥1 GNB PE-BSI occurred in 9.6% of ASCT (13/136 with
1 episode) and the median time to the first GNB PE-BSI was
day +7 after transplant (IQR = 4-7); overall, the estimated CIF was
9 MAY 2023 • VOLUME 7, NUMBER 9



Table 2. Characteristics of patients undergoing allo-HSCT

Patient’ characteristics Overall (n = 223) LEVO-group (n = 71) NO-LEVO-group (n = 152) P value

Baseline

Age at allo-HSCT, y, median (IQR) 56 (41-65) 52 (38-65) 57 (44-66) .20

Male sex 145 (65%) 45 (63.4%) 100 (65.8%) .72

ANC ≤500 cells/mm3 ≥ 7 d 28 (12.6%) 9 (12.7%) 19 (12.5%) .97

Diagnosis .003

Myeloid disorders 164 (73.5%) 42 (59.2%) 122 (80.3%)

Lymphoid disorders 54 (24.2%) 26 (36.6%) 28 (18.4%)

Other disorders 5 (2.3%) 3 (4.2%) 2 (1.3%)

Disease status at allo-HSCT .30

Complete response 140 (62.8%) 46 (64.8%) 94 (61.9%)

Active disease and upfront 78 (35%) 22 (31%) 56 (36.8%)

Other 5 (2.2%) 3 (4.2%) 2 (1.3%)

Ongoing line of therapy .56

First line 99 (44.4%) 28 (39.4%) 71 (46.7%)

Second line 69 (30.9%) 23 (32.4%) 46 (30.3%)

≥Third line 55 (24.7%) 20 (28.2%) 35 (23%)

Total number of allo-HSCT for patient .15

First allo-HSCT 206 (92.4%) 62 (87.3%) 144 (94.7%)

Second allo-HSCT 15 (6.7%) 8 (11.3%) 7 (4.6%)

Third allo-HSCT 2 (0.9%) 1 (1.4%) 1 (0.7%)

HCT-CI index (not age-adjusted) .36

0-1 100 (44.8%) 35 (49.3%) 65 (42.8%)

≥2 123 (55.2%) 36 (50.7%) 87 (57.2%)

Donor type .18

Matched related donor 44 (19.7%) 11 (15.5%) 33 (21.7%)

Matched unrelated donor 105 (47.1%) 33 (46.5%) 72 (47.4%)

Haploidentical donor 61 (27.4%) 25 (35.2%) 36 (23.7%)

Cord blood 13 (5.9%) 2 (2.8%) 11 (7.2%)

Stem cell source .41

Peripheral blood stem cells 203 (91%) 67 (94.4%) 136 (89.5%)

Bone marrow 7 (3.1%) 2 (2.8%) 5 (3.3%)

Cord blood 13 (5.8%) 2 (2.8%) 11 (7.2%)

Conditioning chemotherapy .05

Myeloablative 136 (61%) 50 (70.4%) 86 (56.6%)

Reduced toxicity 87 (39%) 21 (29.6%) 66 (43.4%)

GVHD prophylaxis .03

PT-Cy/sirolimus–based regimens 186 (83.4%) 66 (93%) 120 (79%)

PT-Cy/ATG or ATG-based regimens 20 (9%) 2 (2.8%) 18 (11.8%)

Other regimens 17 (7.6%) 3 (4.2%) 14 (9.2%)

MDR-GNB rectal carrier within 30 d before
allo-HSCT

9 (4%) 6 (8.5%) 3 (2%) .02

Antibiotics ≤90 d before allo-HSCT 84 (37.7%) 26 (36.6%) 58 (38.2%) .83

Carbapenems 43 (51.2%) 15 (57.7%) 28 (48.3%) .48

Fluoroquinolones 8 (9.5%) 2 (7.7%) 6 (10.3%) 1.00

Glycopeptides 40 (47.6%) 15 (57.7%) 25 (43.1%) .25

Penicillin/β-lactam inhibitors 51 (60.7%) 14 (53.8%) 37 (63.8%) .47

Carbapenems or penicillin/β-lactam inhibitors 68 (81.0%) 21 (80.8%) 47 (81.0%) .99

GNB BSI within 90 d before allo-HSCT 26 (11.9%) 5 (7.4%) 21 (14.0%) .18

ATG, antithymocyte globulin; HCT-CI index, hematopoietic cell transplantation comorbidity index; PT-Cy, posttransplant cyclophosphamide.
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Table 2 (continued)

Patient’ characteristics Overall (n = 223) LEVO-group (n = 71) NO-LEVO-group (n = 152) P value

Follow-up

Follow-up, days, median (IQR) 367 (169-685) 819 (239-966) 300 (148-526) <.0001

ANC engraftment 202 (92.7%) 64 (90.1%) 138 (93.9%) .32

Time to engraftment, d, median (IQR) 21 (18-28) 21 (18-28) 21 (18-28) .56

Relapse 39 (17.5%) 17 (23.9%) 22 (14.5%) .08

Time to relapse, d, median (IQR) 163 (98-335) 195 (137-368) 116 (71-227) .02

Acute GVHD ≥2 53 (23.8%) 13 (18.3%) 40 (26.3%) .19

Time to acute GVHD ≥2, d, median (IQR) 39 (27-54) 43 (30-61) 36 (23-49) .29

Overall death 56 (25.1%) 25 (35.2%) 31 (20.4%) .02

Time to death, d, median (IQR) 148 (45-246) 187 (101-326) 85 (23-181) .03

Cause of death 0.03

Disease 24 (10.8%) 13 (18.3%) 11 (7.2%)

IRM 18 (8.1%) 5 (7%) 13 (8.6%)

GVHD 10 (4.5%) 6 (8.5%) 4 (2.6%)

Other 4 (1.8%) 1 (1.4%) 3 (2%)

ATG, antithymocyte globulin; HCT-CI index, hematopoietic cell transplantation comorbidity index; PT-Cy, posttransplant cyclophosphamide.

Table 3. Details on the length of hospital stay, the rate of hospital readmission within 100 day after transplant, antibiotic treatment’s

characteristics of the first episode of FN, and the frequency of subsequent bloodstream infection in ASCT cohort

LEVO-group NO-LEVO-group P value

Duration of hospitalization (d) 19 (15-27) 17 (15-27) .379

Health care use (rehospitalization within 100 d from
transplant)

1 (3.2%)* 3 (3.3%)† .999

Broad-spectrum antibiotics at the onset of the

first FN episode

.026

Ceftazidime 1 (3.7%) 0 (0%)

Meropenem 4 (14.8%) 7 (9.5%)

Piperacillin/tazobactam 18 (66.7%) 65 (87.8%)

Others 4 (14.8%) 2 (2.7%)

Escalation approach, yes 12 (44.4%) 34 (46.0%) .999

Days to antibiotic escalation since the onset of the
first FN episode

3 (2-3.5) 2 (2-4) .990

Type of antibiotic escalation‡ .345

Vancomycin or daptomycin addition 5 (41.7%) 25 (73.5%)

Amikacin or gentamycin addition 0 (0%) 0 (0%)

Escalation to carbapenem 7 (58.3%) 18 (52.9%)

Duration of antibiotic therapy to treat the first FN
episode (d)

9 (7-14) 10 (8-14) .645

Reason of antibiotic therapy stop 1.000

Discontinuation (still in aplasia or after
engraftment)

24 (96.0%) 66 (94.3%)

Escalation for a second FN episode 1 (4.0%) 4 (5.7%)

C difficile infection within 100 d 0 (0%) 2 (2.0%) NA

ESBL-producing bacteria BSI within 100 d since
transplant

0 (0%) 0 (0%) NA

CR-GNB BSI within 100 d since transplant 0 (0%) 0 (0%) NA

Results reported as median (IQR) or frequency (%); comparisons by Wilcoxon rank-sum test or χ2 or Fisher exact test.
*Reasons for rehospitalization: neuromotor rehabilitation 1.
†Reasons for rehospitalization: pulmonary complications 2 (1 pneumonia and 1 pulmonary thromboembolism), disease progression 1.
‡Description of antibiotic escalation in supplemental Table 1.
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10.1% both at day +14 and day +30 after transplant. A significant
difference was observed in the day +30 CIF according to FQ-P
(0% [LEVO-group], 14.1% [NO-LEVO-group]; P = .0169)
(Figure 1).

At day +30 after ASCT, IRM was 0% without differences
according to FQ-P use.

With regard to PE-BSI etiology, among the NO-LEVO-group,
PE-BSIs were sustained by single-species GNB and single-
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Figure 1. Cumulative incidence of PE-BSI (first episode) due to GNB in the overall

and in allo-HSCT recipients (at the bottom).
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species gram-positive bacteria, respectively, in 55% (12/22) and
41% (9/22) of cases, whereas 4% (1/22) were polymicrobial.
Details about the etiology and AMR of GNB and gram-positive
bacteria are reported, respectively, in Table 4 and supplemental
Table 4. Regarding MDR-GNB colonization before ASCT, only 1
patient in the NO-LEVO-group was colonized by CR-K pneumo-
niae and he did not develop PE-BSI. After ASCT, 1 patient in each
group acquired colonization by MDR-GNB (1 CR-K pneumoniae
and 1 CR-P aeruginosa) without developing signs of infection.
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Table 4. Etiology of GNB PE-BSI and AMR, according to levofloxacin prophylaxis use (group A, ASCT LEVO-group; group B, ASCT NO-LEVO-

group; group C, allo-HSCT LEVO-group; group D, allo–HSCT NO-LEVO-group)

Blood cultures’ isolates characteristics

Total bacterial isolates from blood cultures

Group A Group B P value Group C Group D P value

GNB 0 13 - 10 58

GNB resistant to PTZ 0 (0%) 2 (15%) - 7 (70%) 17 (29%) .027

GNB resistant to FQs 0 (0%) 2 (15%) - 9 (90%) 30 (52%) .036

CR-GNB 0 (0%) 0 (0%) - 5 (50%) 3 (5%) .001

E coli 0 (0%) 10 (77%) - 4 (40%) 26 (45%)

E coli ESBL-producing 0 (0%) 0 (0%) 2 (50%) 7 (27%)

E coli resistant to FQs 0 (0%) 1 (10%) 4 (100%) 15 (58%)

E coli resistant to PTZ 0 (0%) 2 (20%) 2 (50%) 6 (23%)

CR-E coli 0 (0%) 0 (0%) 0 (0%) 0 (0%)

K pneumoniae 0 (0%) 1 (8%) - 4 (40%) 13 (22%) .254

K pneumoniae ESBL-producing 0 (0%) 1 (100%) 0 (0%) 7 (54%)

K pneumoniae resistant to FQs 0 (0%) 1 (100%) 4 (100%) 6 (46%)

K pneumoniae resistant to PTZ 0 (0%) 0 (0%) 4 (100%) 6 (46%)

CR-K pneumoniae 0 (0%) 0 (0%) 4 (100%) 0 (0%)

Other Enterobacteriaceae* 0 (0%) 0 (0%) - 0 (0%) 3 (5%) -

P aeruginosa 0 (0%) 2 (15%) - 2 (20%) 8 (14%) .634

P aeruginosa resistant to FQs 0 (0%) 0 (0%) 1 (50%) 4 (50%)

P aeruginosa resistant to PTZ 0 (0%) 0 (0%) 1 (50%) 3 (37%)

CR-P aeruginosa 0 (0%) 0 (0%) 1 (50%) 3 (37%)

Other GNB† 0 (0%) 0 (0%) - 0 (0%) 8 (14%) -

Bold values represent P values that reach statistical significance (P < 0.05). PTZ, piperacillin/tazobactam.
*1 Klebsiella oxytoca, 1 Enterobacter cloacae, 1 Proteus mirabilis.
†Two Ochrobactrum anthropi, 1 Stenotrophomonas maltophilia, 1 Achromobacter xylosoxidans, 1 Campylobacter jejuni, 1 Aeromonas sobrio, 1 Capnocytophaga species, 1

Sphingomonas paucimobilis.
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Allogeneic hematopoietic stem cell transplantation

Overall, ≥1 FN episode occurred in 96.4% of those undergoing
allo-HSCT (139/223 with 1 episode, 69/223 with 2 episodes,
7/223 with 3 episodes, and 3/223 with 4 episodes) without dif-
ferences among groups (95.8% [LEVO-group], 96.7% [NO-LEVO-
group]; P = .72). Among the LEVO-group, 1 and 2 FN episodes
happened in 63.4% and 25.4% of those undergoing allo-HSCT,
respectively; whereas among the NO-LEVO-group, the incidence
of 1 and 2 FN episodes was in 61.8% and 33.6%, respectively
(P = .05). The median time to FN onset was earlier in patients
receiving FQ-P (day +2.5, IQR = 1-6 [LEVO-group]; day +5,
IQR = 2 to 8 [NO-LEVO-group]; P = .009). Details about the
empiric antibiotic treatment for the first episode of FN, along with
the duration of antibiotic therapy, are reported in Table 5.

Overall, ≥1 PE-BSI occurred in 44.8% of patients undergoing
allo-HSCT (87/223 with 1 episode, 10/223 with 2 episodes, and
2/223 with 3 episodes). The median time to the first PE-BSI was
earlier without FQ-P (day +10, IQR = 7-13 [LEVO-group]; day +7,
IQR = 5 to 10 [NO-LEVO-group]; P = .028). The estimated CIF
of PE-BSI was 41.3% (95% CI, 34.8-47.8) and 47% (95% CI,
39.9-53.8) at days +14 and +30 after transplant, respectively. A
significant difference was observed in the day +30 CIF according
to FQ-P (36.4% [LEVO-group], 51.9% [NO-LEVO-group]; P = .019).
1628 CLERICI et al
Overall, ≥1 GNB PE-BSI occurred in 26.5% of patients under-
going allo-HSCT (54/223 with 1 episode, 4/223 with 2 episodes,
and 1/223 with 3 episodes); the median time to the first GNB
PE-BSI was day +6 after transplant (IQR = 4-9). The estimated CIF
was 27.4% and 28% at days +14 and +30 after transplant,
respectively. Again, a significant difference was observed in the
day +30 CIF according to FQ-P (14.7% [LEVO-group], 34.4%
[NO-LEVO-group]; P = .003) (Figure 1).

At day +30 after transplant, the estimated CIF of IRM was
5% (95% CI, 2.6-8.4), without differences according to FQ-P
(P = .621) (Figure 2). At day +30 after transplant, all 4 patients
who died of IRM in the LEVO-group experienced PE-BSI sustained
almost exclusively by CR-GNB (2 CR-K pneumoniae and 1 CR-P
aeruginosa). In contrast, in the NO-LEVO-group, among the 7
patients who died of IRM, 6 experienced PE-BSI; only 1 PE-BSI
was sustained by CR-GNB pathogen (1 CR-P aeruginosa). Even
at day +90, no differences in IRM emerged between the 2 groups
(supplemental Materials).

Regarding PE-BSI etiology, among the LEVO-group, 28 PE-BSI
episodes occurred in 25 patients, sustained by single-species
GNB and single-species gram-positive bacteria in 36% (10/28)
and 61% (17/28) of cases, respectively, and 4% (1/28) were poly-
microbial. With regard to GNB, 10 single-species GNB PE-BSI
9 MAY 2023 • VOLUME 7, NUMBER 9



Table 5. Details on the length of hospital stay, the rate of hospital readmission within 100 days after transplant, antibiotic treatment’s

characteristics of the first episode of FN, and the frequency of subsequent bloodstream infection in allo-HSCT cohort

LEVO-group NO-LEVO-group P value

Duration of hospitalization (d) 41 (31-55) 37 (29-46) .130

Health care use (rehospitalization within 100 d from
transplant)

11 (25%)* 21 (18.6%)† .384

Broad-spectrum antibiotics at the onset of the

first FN episode

.002

Ceftazidime 9 (13.0%) 2 (1.3%)

Meropenem 10 (14.5%) 16 (10.6%)

Piperacillin/tazobactam 48 (69.6%) 129 (85.4%)

Others 2 (2.9%) 4 (2.7%)

Escalation approach, yes 44 (64%) 74 (49%) .058

Days to antibiotic escalation since the onset of the
first FN episode

3 (2.5-5.5) 2.5 (2-4) .003

Type of antibiotic escalation‡ .646

Vancomycin or daptomycin addition 21 (47.7%) 42 (56.8%)

Amikacin or gentamycin addition 5 (11.4%) 12 (16.2%)

Escalation to carbapenem 31 (70.5%) 48 (64.9%)

Duration of antibiotic therapy to treat the first FN
episode (d)

17 (12-23) 14 (10-20) .002

Reason of antibiotic therapy stop .066

Discontinuation (still in aplasia or after
engraftment)

47 (72.3%) 86 (58.9%)

Escalation for a second FN episode 18 (27.7%) 60 (41.1%)

C difficile infection within 100 d 11 (15.5%) 18 (11.8%) .522

ESBL-producing bacteria BSI within 100 d since
transplant§

1 (1.5%)‖ 5 (3.5%)¶ .667

CR-GNB BSI within 100 d since transplant§ 1 (1.5%)# 1 (0.7%)** .535

Results reported as median (IQR) or frequency (%); comparisons by Wilcoxon rank-sum test or χ2/Fisher exact test.
*Reasons for rehospitalization: immune-mediated encephalopathy 1, possible hepatic-splenic candidiasis 1, clinically-relevant Cytomegalovirus infection 2, fever without microbiologically nor

clinically documented infections 2, urinary tract infection 1, cutaneous lesions 1, pan-colitis 1, acute respiratory failure after central venous line removal 1, para-thyroidectomy intervention 1.
†Reasons for rehospitalization: acute GVHD 3, viral infections 10 (2 COVID-19, 1 syncytial respiratory virus bronco-pneumonitis, 1 parainfluenza virus bronco-pneumonitis, 3 possible

gastrointestinal HHV6 diseases, 1 HHV6 reactivation, 2 BK hemorrhagic cystitis, 1 adenovirus reactivation associated to urinary sepsis), bacterial infections 5 (1 ESBL-E coli BSI, 1
S. epidermidis BSI, 3 pneumonia), probable pulmonary aspergillosis 1, diarrhea 1, myocarditis 1.
‡Description of antibiotic escalation in supplemental Table 2.
§Patients’ distribution according to ESBL BSI or CR BSI or acute GVHD occurrence within 100 days since HSCT and corresponding details in supplemental Table 3; denominators of

these proportions did not include patients who died without achieving neutrophils engraftment.
‖One ESBL-E coli.
¶One ESBL-E coli, 4 ESBL-K pneumoniae.
#One CR-Citrobacter freundii.
**One CR-P aeruginosa.
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cases occurred in 10 patients. In the NO-LEVO-group, 86 PE-BSI
episodes occurred in 75 patients, sustained by single-species
GNB and single-species gram-positive bacteria in 58% (50/86)
and 30% (26/86) of cases, respectively; 10% (9/86) were poly-
microbial, and 1% (1/86) was of fungal etiology (Scedosporium
spp). Concerning GNB, 55 GNB PE-BSI occurred in 49 patients,
and 5 were poly-microbial. Comparing AMR among GNB, in the
NO-LEVO-group, a significantly higher proportion of pathogens
was susceptible to piperacillin/tazobactam (71% vs 30%,
P = .027), FQ (48% vs 10%, P = .036) and to carbapenems (95%
vs 50%, P = .001). Details about the etiology and AMR of GNB
and gram-positive bacteria are reported, respectively, in Table 4
and supplemental Table 4.

Focusing on MDR-GNB carriers, before allo-HSCT, in the LEVO-
group, 6 patients were colonized (4 CR-K pneumoniae and 2
9 MAY 2023 • VOLUME 7, NUMBER 9
CR-P aeruginosa), 50% of whom developed PE-BSI sustained by
the same pathogen (2/4 CR-K pneumoniae PE-BSI and 1/2 CR-P
aeruginosa PE-BSI) and all died of IRM; the other 3 carriers did not
experience any PE-BSI. In contrast, in the NO-LEVO-group, 3
patients were colonized (2 CR-K pneumoniae and 1 CR-E coli)
and none developed any PE-BSI. After allo-HSCT, in the LEVO-
group 17% of patients (11/65) acquired MDR-GNB colonization
(6 CR-K pneumoniae, 3 CR-P aeruginosa, 1 CR-Citrobacter, and
1 CR-Enterobacter), with 2 patients developing PE-BSI from the
same pathogen (2 CR-K pneumoniae, both survived). In contrast,
in the NO-LEVO-group, 10% of patients (15/149) acquired MDR-
GNB colonization (4 CR-K pneumoniae, 9 CR-P aeruginosa, 1
CR-E coli, and 1 CR-Enterobacter), with 3 patients experiencing
PE-BSI by the same pathogen (2 CR-P aeruginosa, 1 CR-K
pneumoniae [1 of the 2 patients with CR-P aeruginosa PE-BSI
died of IRM]).
FLUOROQUINOLONES PROPHYLAXIS OF SEVERE NEUTROPENIA 1629
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Figure 2. Cumulative incidence of IRM at day +30 after transplant in the overall sample and according to prophylaxis use in allo-HSCT recipients. The cumulative

incidence of IRM was estimated according to the Fine-Gray method, with relapse/progression, GVHD grade ≥2, and death from any other cause as competing events for IRM. In

this analysis, the time to IRM was censored at the earliest of relapse/progression, GVHD grade ≥2, and death from any other cause, as appropriate. *Four patients died of IRM

at day +30 after transplant: 2 CR-Kp carriers who experienced CR-Kp PE-BSI achieving BSI clearance with an appropriate empiric antibiotic therapy (cause of death: 1

pneumonia, 1 probable invasive aspergillosis and HHV6 encephalitis); 1 CR-Pa carrier who experienced CR-Pa PE-BSI with an inappropriate empiric antibiotic therapy (cause of

death: CR-Pa septic shock and pneumonia); 1 patient who experienced vancomycin-susceptible E faecium PE-BSI developing systemic complications of sepsis (cause of death:

cardiac decompensation, acute kidney injury, multiorgan failure). §Seven patients died of IRM at day +30 after transplant: 1 patient died of disseminated Scedosporium prolificans

infection; 2 patients experienced P aeruginosa PE-BSI, 1 CR-Pa with inappropriate empiric antibiotic therapy (acquisition of CR-Pa rectal colonization after HSCT [cause of

death: CR-Pa septic shock]) and 1 carbapenem-susceptible Pa with appropriate empiric antibiotic therapy achieving BSI clearance (cause of death: pneumonia, multiorgan

failure); 1 patient experienced K pneumoniae likely amp-C producer PE-BSI with appropriate empiric antibiotic therapy achieving BSI clearance (cause of death: further PE-BSI

sustained by S maltophilia with associated pneumonia); 2 patients experienced not ESBL-producing E coli PE-BSI with appropriate empiric antibiotic therapy achieving BSI

clearance (cause of death: 1 septic shock and pneumonia, 1 bowel perforation); 1 patient died of septic shock and pneumonia without the occurrence of PE-BSI.
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By multivariable analysis (Table 6), after adjustment for condi-
tioning regimen and type of donor, having received FQ-P
(adjusted HR [AHR], 0.40; 95% CI, 0.19-0.83) was a protective
factor for GNB PE-BSI occurrence, whereas the presence of
neutropenia before transplant (AHR, 2.52; 95% CI, 1.27-4.98)
and a previous GNB BSI within 90 days before transplant (AHR,
2.15; 95% CI, 1.15-4.02) significantly increased the rate of GNB
PE-BSI.

Both for the ASCT and allo-HSCT cohorts, we further analyzed any
differences according to FQ-P use in the length of hospital stay, in
the rate of hospital readmission within 100 days after transplant,
and in the frequency of subsequent BSI sustained by ESBL-
producing bacteria or CR-GNB (Tables 3 and 5).

Discussion

This study highlighted the impact of FQ-P discontinuation in HSCT
recipients in a national and local setting of high FQ-resistance rate
(largely exceeding 20%).

Regarding the impact of FQ-P on the incidence of BSI, FN, and
mortality, the main findings of this study on 112 and 221 patients
1630 CLERICI et al
who underwent ASCT and allo-HSCT, respectively, can be sum-
marized as follows: (1) PE-BSI incidence, including GNB PE-BSI,
was significantly higher in patients who did not receive FQ-P,
both in the ASCT and allo-HSCT settings; (2) FN occurrence
was not influenced by FQ-P administration; and (3) FQ-P did not
reduce IRM at day +30 after transplant. Interestingly, analyzing the
differences in AMR within GNB sustaining PE-BSI, we observed
the following main findings: (1) FQ-P discontinuation restored
susceptibility of GNB to piperacillin/tazobactam, which is our first-
line empiric therapy for uncomplicated FN, and (2) CR-GNB PE-
BSI incidence was remarkably contained in the FQ-P free cohort.

As shown in recent studies,32,33 the mortality among patients with
neutropenia is mainly driven by noncarbapenem β-lactams–resis-
tant and CR-GNB BSI, along with receiving an inappropriate
empiric antibiotic therapy for FN. Indeed, recent literature outlined
the negative impact of an inappropriate empiric antibiotic therapy
on mortality rates for patients with FN with P aeruginosa BSI
who received an inappropriate empiric antibiotic therapy (48% vs
31%, P = .027)34 or with septic shock sustained by GNB and
Candida.35 Given the negative impact of an inappropriate empiric
antibiotic therapy for FN on mortality and the issue of AMR, empiric
9 MAY 2023 • VOLUME 7, NUMBER 9



Table 6. Univariate and multivariate Fine-Gray models to assess risk factors for GNB PE-BSIs in allo-HSCT recipients

Characteristic Risk categories

Univariate analysis

Multivariate analysis (n = 218, 55 GNB

PE-BSI, 5 competing events)

Unadjusted HR of GNB PE-BSI (95% CI) P value AHR of GNB PE-BSI (95% CI) P value

Age at allo-HSCT Per 5-y older 1.08 (0.98-1.18) .107 1.11 (1.00-1.24) .061

Use of prophylaxis Yes vs no 0.37 (0.18-0.74) .005 0.40 (0.19-0.83) .013

ANC ≤500 for ≥ 7 d before allo-HSCT Yes vs no 2.67 (1.33-5.36) .006 2.52 (1.27-4.98) .008

Acute leukemia Yes vs no 1.44 (0.75-2.76) .275 Not included -

MDR-GNB rectal carrier within
30 d before allo-HSCT

Yes vs no 1.39 (0.41-4.71) .599 Not included -

Conditioning regimen RTC vs MAC 1.07 (0.63-1.83) .793 0.70 (0.38-1.28) .251

GVHD prophylaxis PT-Cy/ATG or ATG-based regimens
vs PT-Cy/sirolimus–based regimens

1.03 (0.34-3.07) .963 Not included -

Other regimens vs
PT-Cy/sirolimus–based regimens

0.61 (0.20-1.93) .404

Type of donor Haploidentical vs MRD 0.78 (0.38-1.61) .497 0.91 (0.41-2.03) .817

CB vs MRD 1.26 (0.37-4.30) .139 1.63 (0.46-5.74) .447

MUD vs MRD 0.85 (0.43-1.68) .645 0.81 (0.39-1.71) .587

Disease phase at allo-HSCT >CR1 vs CR1 0.41 (0.16-1.04) .059 Not included -

AD/PR vs CR1 1.36 (0.77-2.38) .287

Upfront vs CR1 1.13 (0.37-3.44) .824

GNB BSI within 90 d before allo-HSCT Yes vs no 2.35 (1.25-4.43) .008 2.15 (1.15-4.02) .016

Bold values represent P values that reach statistical significance (P < 0.05). AD, advanced disease; ATG, antithymocyte globulin; CB, cord blood; CR, complete remission; MAC,
myeloablative conditioning; MRD, match-related donor; MUD, match-unrelated donor; PR, partial response; PT-Cy, posttransplant cyclophosphamide; RTC, reduced toxicity conditioning.
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combination therapy could play a role in improving the appropri-
ateness of empiric therapy and containing IRM in patients at high
risk of MDR-GNB BSI, proceeding with a strict de-escalation
approach if BSI is not documented.36 A recent propensity-
matched cohort study pointed out a lower day 7 case-fatality rate
for an empiric aminoglycosides-based combination therapy for FN
vs β-lactam monotherapy in a cohort of 542 GNB BSI cases.
Because P aeruginosa (including MDR-P aeruginosa) was signifi-
cantly more represented in the combination therapy group, the
greatest benefit is likely to emerge for this pathogen.37 FQ-P tends
to increase the rate of FQ-resistant GNB,32 representing one of the
predictors of MDR-P aeruginosa BSI in patients with neu-
tropenia.38 Moreover, FQ-P is not always associated with a
decreased rate of PE-BSI in HSCT recipients.33 The same rela-
tionship between mortality and MDR-GNB BSI also emerged in the
setting of high-dose chemotherapy for acute leukemia.39 The
feasibility of FQ-P omission has already been postulated in a study
on ASCT,40 in which FQ-P seemed to confer a protective effect on
FN and BSI without any benefit on mortality rates. Meanwhile, in a
Belgian experience on first-induction chemotherapy and trans-
plantation, they reported that FQ-P discontinuation may increase
FN with comparable rates of BSI and IRM, and decrease
FQ-resistant bacteria recovered from blood.41 Moreover, the gut
microbiota plays a critical role in maintaining colonization resis-
tance against intestinal pathogens, and alterations have been
reported in patients receiving FQ-P after allo-HSCT.21

Our results confirmed that mortality rates did not increase after
FQ-P discontinuation, which is undoubtedly the main safety
concern in adopting a FQ-P–free policy in high-risk patients,
despite the protective effect of FQ-P on PE-BSI occurrence.
However, the increase in GNB PE-BSI did not translate into an
9 MAY 2023 • VOLUME 7, NUMBER 9
excess of mortality, probably because the appreciable increase in
GNB susceptible to our first-line empiric therapy for FN reduced
the proportion of patients with GNB PE-BSI receiving an inap-
propriate empiric antibiotic therapy.

The omission of FQ-P leads to a reduction in antibiotic pressure, which
is invariably linked to an increase in bacterial resistance. Moreover,
previous studies clearly demonstrated that antibiotic use (particularly
fluoroquinolones) is predictive for colonization and infection by
ESBL-producing strains.42 So, it is plausible that FQ-P omission in
the NO-LEVO-group promotes the biodiversity of the enteric micro-
biome composition,21 restoring the colonization by Enterobacterales
susceptible to piperacillin/tazobactam and carbapenems.

Although indicators such as duration of hospitalization and reho-
spitalization within 100 days from HSCT did not differ among the
LEVO-group and the NO-LEVO-group, the issue of MDR patho-
gens still represents a relevant topic in hematological patients
undergoing multiple cycles of chemotherapy and subsequent
neutropenic phases. In this regard, if the omission of FQ-P, along
with active surveillance of MDR pathogen colonization, contributes
to reducing the incidence of MDR-GNB PE-BSI, it is to be
considered a valuable achievement.

Considering recent studies and our results, we suggest reconsi-
dering the universal use of FQ-P in transplant recipients to stem the
selective pressure that induces BSI sustained by noncarbapenem
β-lactams–resistant and CR-GNB, particularly in countries with a
high prevalence of AMR. In contrast, a tailored use of FQ-P could
be considered for patients colonized by antibiotic-susceptible
bacteria, as a recent study demonstrated that FQ-P was effective
in preventing BSI in HSCT recipients who were not colonized
by FQ-resistant Enterobacterales, whereas nearly one-third of
FLUOROQUINOLONES PROPHYLAXIS OF SEVERE NEUTROPENIA 1631
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FQ-resistant Enterobacterales carriers developed GNB BSI while
receiving FQ-P.43

In the perspective of a tailored use of FQ-P, our data may suggest
the use of FQ-P to be beneficial for preventing PE-BSI in ASCT,
reducing the need for a full course of antibiotic therapy. Moreover,
we urge being aware of one’s own national epidemiology because
it is of paramount importance for assessing the translatability of trial
results among different countries. For instance, data from the
randomized placebo-controlled TEAMM trial, showing a significant
reduction of FN episodes and deaths with FQ-P during the first
12 weeks of therapy in patients newly diagnosed with myeloma,
may be extended to countries with an FQ-resistance rate in
Enterobacterales similar to the United Kingdom (17.5%).44

Nevertheless, this study has some limitations that should be
acknowledged.

Although AMR in GNB emerged as a risk factor for mortality in
several studies,4,32-34,39 our single-center analysis was under-
powered to assess risk factors for day +30 IRM.

Furthermore, the significant decrease in CR-GNB PE-BSI in
NO-LEVO-group could be consequent also to the significantly
lower proportion of CR-GNB carriers undergoing allo-HSCT in this
patients’ group, as gastrointestinal colonization itself represents a
well-known risk factor for CR-GNB PE-BSI4 in transplant setting.
Nevertheless, the importance of FQ-P discontinuation in CR-GNB
carriers has already been advocated because, in MDR-GNB car-
riers, FQ-P might reduce the number of susceptible pathogens and
promote the selection and growth of MDR strains with an
increased risk of subsequent infection due to an MDR pathogen.14

The study period includes the first and second pandemic waves of
the coronavirus 2019 disease, which led to a strengthening of the
use of personal protective equipment. In the Bone Marrow Trans-
plant ward, this resulted in the systematic use of FFP2 masks while
maintaining unchanged the contact isolation precautions for
patients colonized by MDR-GNB or affected by Clostridium diffi-
cile infection. We previously demonstrated that this approach
significantly reduced the crosstransmissions of MDR-GNB among
transplant recipients,6 consequently reducing the attributable
mortality thanks also to the implementation of a timely diagnosis of
MDR-GNB BSI with molecular tests.45 During the pandemic, in the
other units of the hospital, we did not observe an increase in
infections sustained by antibiotic-susceptible bacteria as we did in
the Bone Marrow Transplant Unit; in contrast, a significant increase
in MDR bacterial infections was detected, particularly by MDR-P
aeruginosa and MDR-Acinetobacter baumanii.

Then, we did not address the impact of inappropriate empiric
antibiotic therapy on mortality. The follow-up of NO-LEVO-group
was necessarily shorter than LEVO-group, but we think it did not
affect study’s results because the impact of PE-BSI on IRM at
1632 CLERICI et al
day +30 after transplant is rightly assessable in the short-term
follow-up.

Moreover, our active surveillance screening did not include the
detection of colonization by FQ-susceptible GNB, preventing us
from implementing a personalized, targeted use of FQ-P as sug-
gested by Satlin.43

Finally, we did not yet analyze the impact of FQ-P in patients
undergoing first-induction chemotherapy for acute leukemia, the
setting that could benefit more from FQ-P as suggested by a
recent randomized controlled trial in leukemic children where FQ-P
was preventive on BSI occurrence during induction chemotherapy
(but not in transplantation) and by the German Society of Hema-
tology’s updated guidelines.46,47

In conclusion, our study, carried out in a country endemic for
CR-GNB, confirms not only the feasibility and safety of FQ-P
discontinuation, but also how this approach contributed to a sig-
nificant reduction in AMR in GNB, even if it resulted in an increase
in PE-BSI. This achievement is fundamental because AMR in GNB
is the main determinant of mortality in patients with FN. Equally
significant is to pursue active microbiological surveillance and a
multidisciplinary approach to HSCT recipients, involving the
transplant team, infectious disease specialists, and microbiologists.
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