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Background: Despite high cure rates, treatment-related mortality in children with acute lym-

phoblastic leukemia (ALL) remains significant. About 4% of patients die during remission

induction therapy and approximately two-thirds of treatment-related deaths are due to

infectious complications.

Methods: From May 2021 to June 2022, children aged one through 18 years, with a recent

diagnosis of ALL, admitted to three pediatric oncology centers in Brazil, were enrolled in

this multicenter, open-label, randomized, phase 3 clinical trial. Eligible patients were ran-

domly divided into two groups, based on a 1:1 allocation ratio, to receive, or not, levofloxa-

cin as a prophylactic agent during the induction phase. All patients were treated according

to the IC-BFM 2009 chemotherapy protocol. Primary endpoints were carbapenemase-pro-

ducing Enterobacteriaceae (CPE) colonization, Clostridioides difficile diarrhea, and other

adverse events related to the use of levofloxacin. The secondary endpoint was febrile neu-

tropenia during induction. The median follow-up was 289 days.

Results: Twenty patients were included in this trial, 10 in each group (control and levofloxa-

cin). Mild adverse reactions related to levofloxacin were observed in three patients (30%).

Three patients had Clostridioides difficile diarrhea, two in the levofloxacin group and one in

the control group (p > 0.99). Only one patient presented colonization by CPE. This patient

belonged to the levofloxacin group (p > 0.99). Nine patients presented febrile neutropenia,
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TaggedEndTaggedPfive in the control group and four in the levofloxacin intervention group (p > 0.99), one

patient died due to febrile neutropenia.

Conclusion: The use of levofloxacin was shown to be safe in the induction phase in children

with de novo ALL. The use of this medication did not increase the rate of colonization by

CPE nor the rate of diarrhea by C. difficile. All adverse reactions were mild and remitted

either spontaneously or after switching medicine administration from oral to intravenous

route.

� 2023 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)TaggedEnd

TaggedH1Introduction TaggedEnd

TaggedPMalignant neoplasms are the leading cause of disease-related

childhood deaths and, among them, acute lymphoblastic leu-

kemias (ALLs) are the most prevalent.1 ALLs can be defined as

a heterogeneous group of diseases manifested by the prolifer-

ation of immature lymphoblasts in the marrow, in peripheral

blood or on other tissues. It is basically treated with high-

dose polychemotherapy, followed by a maintenance phase

consisting of low-dose chemotherapy.2TaggedEnd

TaggedPDespite the positive evolution of treatment over the last

decades −with a global survival rate close to 90%3
− treat-

ment-related mortality (TRM) remains significant: about 4%

of patients die during remission induction therapy. Approxi-

mately two-thirds of these deaths are due to infectious

causes.4TaggedEnd

TaggedPBacteria can thus be perceived as one of the main caus-

ative agents of morbidity and mortality in patients with

chemotherapy-related neutropenia. In adults, significant

benefits were demonstrated with the use of antibiotic pro-

phylaxis during these periods, as they reduced infections

and lowered rates of infection-related mortality.5 While

the use of antibiotic prophylaxis in adult patients during

periods of afebrile neutropenia is already a well-estab-

lished practice, we lack solid evidence concerning its use

in children. TaggedEnd

TaggedPLevofloxacin, a broad-spectrum fluoroquinolone antibi-

otic, is included in guidelines and indicated to afebrile neutro-

penic adult patients. According to a recommendation

published by The Infectious Diseases Society of America

(IDSA) in July 2020, the regular use of antibiotic prophylaxis

for children with de novo ALL is not indicated during the

induction phase precisely because of the low body of evidence

that exists. When necessary, the IDSA suggests levofloxacin

as the antibiotic of choice and only for patients with severe

neutropenia (absolute neutrophil count < 500/mm3) for at

least seven days.6TaggedEnd

TaggedPIn spite of the scarcity of currently available information,

a few observational studies on the use of levofloxacin and

one randomized trial in children with relapsed ALL have

been published. Wolf et al. demonstrated that levofloxacin

reduced the odds of febrile neutropenia, bacterial infection,

and bloodstream infection during the induction therapy of

children with LLA. Surprisingly, it also reduced the chances

of infections from C. difficile without breakthrough infections

with antibiotic-resistant organisms.7 Similarly, Sulis et al.

TaggedEndTaggedPverified that the use of Fluoroquinolones (levofloxacin or

moxifloxacin) for prophylaxis in children with an initial

diagnosis of ALL receiving induction chemotherapy was

effective in reducing Gram-negative and some Gram-posi-

tive bacteremia. Moreover, no increased incidence of multi-

drug-resistant microorganism, C. difficile infection, or fungi

was observed.8 TaggedEnd

TaggedPConsidering the promising activity of levofloxacin in pre-

venting febrile neutropenia and the lack of knowledge regard-

ing its possible adverse effects in the induction phase, we

conducted the present study to assess the safety and efficacy

of this antibiotic medication in children newly-diagnosed

with ALL during the induction phase. This preliminary

interim analysis aims to ensure greater safety for the patients

contemplated in this study and allows the continuation of

the clinical trial. TaggedEnd

TaggedH1Material and methodsTaggedEnd

TaggedH2Trial design, oversight, and participants TaggedEnd

TaggedPFrom May 2021 to June 2022, children aged one through

18 years, with newly-diagnosed ALL admitted at three

pediatric oncology centers in Brazil, who completed induc-

tion therapy before 30 June 2022, were enrolled in this

multicenter, open label, randomized, phase 3 clinical trial.

Children with any type of allergy to the use of quinolones

and a history of chronic arthritis undergoing treatment

were not included in the study. Children with clinically or

microbiologically documented infection prior to initiation

of induction, as well as those with fever prior to induction

therapy that required prolonged antibiotic therapy (> 5

days) to treat infection, were not included in the study in

order to avoid confounding antibiotic treatment with anti-

biotic prophylaxis. Likewise, children with any form of

allergy to quinolones or with a history of chronic arthritis

treatment were not included in this trial. Patients who

developed febrile neutropenia within the first seven days

of induction or after up to two days of neutropenia were

excluded due to the lack of sufficient time for antibiotic

prophylaxis activity. TaggedEnd

TaggedPThe trial protocol was approved by the ethics committee or

institutional review board at each of the participating centers

(CAAE 43,076,621.8.2001.5683). The children’s parents or

legally acceptable representatives provided written informed

consent. TaggedEnd
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TaggedH2Randomization TaggedEnd

TaggedPEligible patients were randomly assigned in a 1:1 ratio by a

computer-generated number. During the induction phase,

patients would either be given levofloxacin (intervention

group) as a prophylactic agent or no prophylaxis (control

group). TaggedEnd

TaggedH2Treatment TaggedEnd

TaggedPAll patients were treated according to the IC-BFM 2009 che-

motherapy protocol. Patients in the intervention group

started using levofloxacin on the third day after the beginning

of induction and its use was continued until any of the follow-

ing criteria were met: (a) absolute neutrophil count greater

than or equal to 500/mL after nadir; (b) start of the next cycle

of chemotherapy; (c) use of parenteral antibiotic therapy for

any reason. TaggedEnd

TaggedPChildren aged 1 to < 5 years were given a dose of

10 mg/kg/dose of levofloxacin, twice a day; children older

than five years were prescribed 10 mg/kg/dose once a day,

with a maximum dose of 750 mg a day. Levofloxacin was

administered orally but, if the oral route was not tolerated,

it could be administered intravenously at the same dose

and schedule. TaggedEnd

TaggedPAlthough the control group did not receive levofloxacin as

primary prophylaxis, both groups received trimethoprim-

sulfamethoxazole as primary prophylaxis for Pneumocystis

jirovecii. TaggedEnd

TaggedPAll patients from both groups received induction therapy

that included four weeks of oral prednisone, fours weekly

doses of vincristine, two or four weekly doses of daunorubi-

cin, and two doses of PEG-asparaginase. TaggedEnd

TaggedH2Outcomes and assessments TaggedEnd

TaggedPThe primary endpoints were CPE colonization, C. difficile diar-

rhea, and adverse events related to the use of levofloxacin.

The second endpoint was febrile neutropenia during induc-

tion. TaggedEnd

TaggedPC. difficile diarrhea was defined by the presence of diarrhea

and identification of C. difficile in stools by PCR or presence of

its toxins. TaggedEnd

TaggedPCPE colonizationmonitoring was performed by rectal swab

at the time of admission to the hospital and at the end of the

induction phase. Any additional swab collection was at the

discretion of the physician or Hospital Infection Control team

of each center.TaggedEnd

TaggedPFebrile neutropenia was defined by the presence of

axillary body temperature greater than or equal to 37.8 °C

in patients whose total neutrophil count was below

500/mL. TaggedEnd

TaggedPAdverse effects were defined in terms of causality and

classified as: possible, likely, or certain. They were also

described regarding the severity of each physiological system

and classified as: mild, moderate, severe or fatal, according to

modified criteria of the World Health Organization (Tables 1

and 2).9TaggedEnd

TaggedH2Statistical methods TaggedEnd

TaggedPThis study is ongoing and data for this interim analysis were

collected on June 23, 2022 after 18 months of initiation. Effi-

cacy and safety analyses included all patients who completed

induction phase chemotherapy. Initial target enrollment for

themain cohort of the study was 196 patients for the outcome

febrile neutropenia, 98 in each group. TaggedEnd

TaggedPQualitative variables were summarized as absolute and

relative frequencies and differences were considered signifi-

cant at p < 0.05 (2-tailed). Data were compiled using the RED-

Cap� web application and analyzed using the PASW Statistics

Version 18.0. Fisher’s exact test and Pearson’s chi-square test

were used for categorical variables, and the Mann−Whitney

U test for quantitative variables. The binomial proportion

confidence interval for the occurrence of adverse events was

calculated using the Clopper-Pearson interval. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPTwenty patients were included in the interim analysis: Ten in

the control group and 10 in the intervention group, who

received prophylaxis with levofloxacin. Table 3 shows the

characteristics of each group. The median follow-up was

289 days (27 - 394 days). The median duration of levofloxacin

use was 29 days (23 - 37 days). TaggedEnd

TaggedPOnly one death, due to sepsis by Pseudomonas aeruginosa,

was observed in the control group. The patient was a male

with Down syndrome who died on the thirtieth day of induc-

tion. Among the 10 patients who received levofloxacin, three

had adverse reactions classified as mild and probably related

to levofloxacin. Two patients suffered from nausea, so it was

necessary to switch administration of medication from oral

to intravenous with cessation of symptoms. One (1) patient

had a transient increase in hepatic transaminases, reaching

levels up to five times the upper level of normality. Interrup-

tion of levofloxacin was not necessary (Table 4). TaggedEnd

TaggedPThree patients had C. difficile diarrhea, two in the levofloxa-

cin group and one in the control group (p > 0.99). Only one

TaggedEnd Table 1 – WHO classification of toxicity as causality.

Possible Occurs where two or more medications may be

involved, or it can be inferred relationship with the

disease

Likely Occurs where only one drug may be involved

Certain Occurs during infusion and/or re-exposure

TaggedEnd Table 2 – WHO Classification of toxicity as severity.

Mild Small clinical and short-term importance, which

may require treatment, not substantially affect-

ing the patient’s life

Moderate Alters the patient’s usual activities, resulting in

transient disability without sequelae. Needs

intervention

Severe Directly threatens the patient’s life, causes hospi-

talization, and can cause permanent sequelae

Fatal Results in death

braz j infect dis. 2023;27(2):102745 3



TaggedEndTaggedPpatient assigned to the levofloxacin group presented coloni-

zation by CPE in this study identified as Klebsiella spp. Simi-

larly, no significant difference was observed between the

groups (p > 0.99). TaggedEnd

TaggedPNine patients presented febrile neutropenia in the study, five

in the intervention group, and four in the control group. No sig-

nificant difference between groups was observed (p > 0.99).TaggedEnd

TaggedH1DiscussionTaggedEnd

TaggedPIn this preliminary multicenter analysis, the use of levofloxa-

cin showed to be safe in children newly diagnosed with ALL

during the induction phase. Its use did not increase the rate

of colonization by CPE nor the rate of diarrhea by C. difficile.

Despite the significant number of adverse reactions related to

its use, all were mild and remitted either spontaneously or by

switching administration of medication to the intravenous

route.TaggedEnd

TaggedPAmong the few available data on the use of levofloxacin

with children, a cohort study carried out in 2017 at St. Jude

Children’s Research Hospital (Memphis/Tennessee) with 344

patients found that prophylaxis was able to significantly pre-

vent FN and systemic infection during induction chemother-

apy by ≥70%. The use of levofloxacin in these children

also minimized the use of antibiotic treatment with

TaggedEndTaggedPcefepime/ceftazidime, vancomycin, and aminoglycosides.

Unexpectedly, prophylaxis with levofloxacin also dramati-

cally reduced colitis infection rates caused by Clostridioides dif-

ficile and other enterocolitis. This is extremely relevant

information since infection with Clostridioides difficile is related

to higher mortality in hospitalized children, higher hospital

costs, and longer hospital stays.7 TaggedEnd

TaggedPIn the same year, Sulis et al. corroborated these findings by

demonstrating that FQ use for the initial treatment of fever,

as well as for prophylaxis in 230 children with an initial diag-

nosis of ALL receiving induction chemotherapy, was effective

in reducing Gram-negative and some Gram-positive bacter-

emia. In addition, it was shown that levofloxacin did not lead

to increased incidence of multiresistant microorganisms nor

infections by C. difficile or fungi.8TaggedEnd

TaggedPThe present study, a randomized clinical trial, is the first

conducted in Brazil to assess safety and infectious outcomes

with the use of levofloxacin in children with an initial diagno-

sis of ALL in the induction phase. TaggedEnd

TaggedPDue to the history of arthropathies in animal models, the

potential to induce bacterial resistance, and fluoroquinolone-

resistant C. difficile diarrhea, an interim analysis was essential

to allow the clinical trial to continue, ensuring greater safety

for the observed patients. TaggedEnd

TaggedPWhile long-term use of levofloxacin may increase the inci-

dence of antibiotic resistance and the development of C. diffi-

cile diarrhea, the GIMEMA study and a recent meta-analysis of

randomized controlled trials demonstrated that these poten-

tial facts did not impact infectious outcomes.10-12TaggedEnd

TaggedPThe study has some limitations. It was not powered to

detect differences between the evaluated outcomes. The high

number of patients admitted with fever, requiring prolonged

antibiotic therapy, significantly reduced sample size. Most

importantly, the study was not blinded. Awareness of alloca-

tion could affect patient care decisions. TaggedEnd

TaggedPThe results shown here allow for the continuity of the

study, as acute toxicity or emergence of multidrug-resistant

strains were not observed in the group undergoing interven-

tion (use of FQ). Evidently, it is not possible to assess, at this

time, any impact on rates of febrile neutropenia or ICU admis-

sions, as the number of patients evaluated is insufficient

to analyze these outcomes. Such aspects will be better

approached at the end of the study. TaggedEnd

TaggedEnd Table 3 – Characteristics of the patients included in the analysis.

Patients, No (%)a

Characteristics No Prophylaxis (n = 10) Levofloxacin (n = 10) p-Valueb

Age, median (IQR), y 8.0 (2−13.5) 9.5 (2−14.0) .971

Sex >0.99

Male 6 (60) 7 (70)

Female 4 (40) 3 (30)

Down Syndrome 1 (10) 1 (10) >0.99

ALL type >0.99

B 8 (80) 9 (90)

T 2 (20) 1 (10)

Abbreviations. ALL, acute lymphoblastic leukemia; IQR, interquartile range; y, year(s).

a Data represent No. (%) of patients except otherwise specified.
b Fisher’s exact test was used for categorical variables and the Mann−Whitney U test for quantitative variables.

TaggedEnd Table 4 – Incidence of related adverse events.

Patients, No (%)

No Prophylaxis Levofloxacin

Outcome (n = 10) (n = 10) p-Valuea 95% CIb

C. difficile diarrhea 1 (10) 2 (20) >0.99 −

Febrile

Neutropenia

5 (50) 4 (40) >0.99 −

CPE colonization 0 (0) 1 (10) >0.99 −

AEs related to

levofloxacin

− 3 (30) − 6.7 − 65.2

CPE, carbapenemase-producing Enterobacteriaceae; AEs, adverse

events.

a Fisher’s exact test was used.
b Clopper-Pearson Confidence Interval.
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