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RESUMO

Introducéo: Apesar das altas taxas de cura, a mortalidade relacionada ao tratamento
em criancas com leucemia linfoblastica aguda (LLA) permanece significativa. Cerca
de 4% dos pacientes morrem durante a terapia de inducdo da remissdo e
aproximadamente dois tercos das mortes relacionadas ao tratamento séo devido a
complicacfes infecciosas. Apesar destas, ndo esta claro na literatura a o papel de
medidas profilaticas Objetivos: Verificar o impacto do uso da levofloxacino profilatica
na incidéncia de efeitos adversos, colite por Clostridioides e emergéncia de germes
multirresistentes, em criancas com LLA de novo Métodos: De maio de 2021 a junho
de 2022, criancas de 1 a 18 anos, com diagndstico recente de LLA, internadas em 3
centros de oncologia pediatrica no Brasil, foram incluidas neste ensaio clinico
multicéntrico, aberto, randomizado, de fase 3. Os pacientes elegiveis foram divididos
aleatoriamente em dois grupos, com base em uma proporc¢éo de alocacao de 1:1, para
receber ou ndo levofloxacino como agente profilatico durante a fase de inducado. Todos
0s pacientes foram tratados de acordo com o protocolo de quimioterapia IC-BFM 2009.
Os desfechos primarios foram colonizacdo por Enterobacteriaceae produtoras de
Carbapenemases (CPE), diarreia por Clostridioides difficile e outros eventos adversos
relacionados ao uso de levofloxacino. O desfecho secundério foi neutropenia febril
durante a inducdo. Resultados: 20 pacientes foram incluidos neste estudo, 10 em
cada grupo (controle e levofloxacino). Reacbes adversas leves relacionadas ao
levofloxacino foram observadas em 3 pacientes (30%). Trés pacientes apresentaram
diarreia por Clostridioides difficile, 2 no grupo levofloxacino e 1 no grupo controle
(p>0,99). Apenas 1 paciente apresentou colonizagcdo por CPE. Este paciente
pertencia ao grupo levofloxacino (P>0,99). Nove pacientes apresentaram neutropenia
febril, 5 no grupo controle e 4 no grupo intervengcdo com levofloxacino (P>0,99), 1
paciente morreu de neutropenia febril. Conclusao: O uso de levofloxacino mostrou-
se seguro na fase de indugdo em criangas com LLA de novo. O uso dessa medicacéo
nao aumentou a taxa de colonizacdo por CPE nem a taxa de diarreia por C. Difficile.
Todas as reacBes adversas foram leves e remitiram espontaneamente ou apos a
mudanca da administracdo do medicamento da via oral para a intravenosa.

Palavras-chave: Leucemia Linfoide. Antibioticoprofilaxia. Crianca. Quimioterapia de
Inducao. Levofloxacino. Neutropenia Febril.



ABSTRACT

Background: Despite high cure rates, treatment-related mortality in children with
acute lymphoblastic 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. Objectives: to know the incidence of
adverse effects, Clostridioides colitis and emergence of multidrug-resistant germs with
the use of levofloxacin in children with de novo ALL. Methods: From May 2021 to June
2022, children ages 1 through 18 years, with a recent diagnosis of ALL, admitted to 3
pediatric oncology centers in Brazil, were enrolled in this multicentered, open,
randomized, phase 3 clinical trial. Eligible patients were randomly divided into two
groups, based on a 1:1 allocation ratio, to be given, or not, levofloxacin as a
prophylactic agent during the induction phase. All patients were treated according to
the IC-BFM 2009 chemotherapy protocol. Primary endpoints were carbapenemase-
producing Enterobacteriaceae (CPE) colonization, Clostridioides difficile diarrhea, and
other adverse events related to the use of levofloxacin. The secondary endpoint was
febrile neutropenia during induction. Results: twenty patients were included in this
trial, ten in each group (control and levofloxacin). Mild adverse reactions related to
levofloxacin were observed in 3 patients (30%). three patients had Clostridioides
difficile diarrhea, 2 in the levofloxacin group and 1 in the control group (p>0.99). Only
1 patient presented colonization by CPE. This patient belonged to the levofloxacin
group (P>0.99). Nine patients presented febrile neutropenia, 5 in the control group and
4 in the levofloxacin intervention group (P>0.99), 1 patient died from febrile
neutropenia. Conclusion: The use of levofloxacin showed 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.

Keywords: Leukemia Lymphoid. Antibiotic Prophylaxis. Child. Induction
Chemotherapy. levofloxacin. Febrile Neutropenia.
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1 INTRODUCAO

As neoplasias malignas na infancia sao a principal causa de morte nessa faixa
etaria por doenca e, dentre essas neoplasias, as leucemias linfoblasticas agudas
(LLAS) sao as mais prevalentes (SIEGEL; MILLER; JEMAL, 2018). As LLAs sdo um
grupo heterogéneo de doencas que se manifestam pela proliferacdo de linfoblastos
imaturos na medula ou outros tecidos e seu tratamento € basicamente poli
guimioterapia em altas doses, seguido de uma fase de manutencdo com quimioterapia
em baixas doses (P1ZZ0O et al., 2016, p. 1062-1064).

Este tratamento tem evoluido nas ultimas décadas, chegando a uma chance
de sobrevida global beirando os 90 % (PUI et al., 2015). Apesar das altas taxas de
cura, existe uma taxa de mortalidade relacionada ao tratamento que impacta
negativamente nesses numeros. Aproximadamente 4% dos pacientes vao a 6bito por
complicacgdes relacionadas ao tratamento (PRUCKER et al., 2009).

O protocolo quimioterapico utilizado pela maioria dos centros de tratamento no
Brasil e preconizado pela Sociedade Brasileira de Oncologia Pediatrica é o protocolo
Intercontinental BFM 2009. Neste protocolo os pacientes sao estratificados segundo
riscos de recaida e alocados em diferentes subgrupos. Todos eles sdo submetidos no
primeiro més de tratamento a um periodo de aproximadamente 30 dias de
qguimioterapia, periodo este chamado de indugcdo a remissédo. Aqueles que sao
alocados nos chamados grupos de alto risco, além da fase de indu¢éo, sao expostos
a 6 blocos de quimioterapia intensiva, todos com alto risco de neutropenia prolongada
e, por consequéncia, de neutropenia febril, infeccdo da corrente sanguinea e ébito.

InfeccOes bacterianas sdo a maior causa de morbidade e mortalidade em
pacientes neutropénicos secundariamente a quimioterapia, isto €, naqueles que
apresentam contagem absoluta de neutréfilos menor do que 500/mms.
Aproximadamente dois tercos das mortes relacionadas ao tratamento s&o de causa
infecciosa (PRUCKER et al., 2009). Em adultos, ja se comprovaram beneficios do uso
de antibioticoprofilaxia durante os periodos de neutropenia naqueles pacientes
submetidos a quimioterapia. Nesta populacdo, o uso da profilaxia reduziu infec¢des e
mortalidade relacionada a infecgbes (GAFTER-GVILI et al., 2005). Por estas razoes,
0 uso de profilaxia antibidtica em pacientes adultos nos periodos de neutropenia
afebril ja € uma pratica bem estabelecida. Porém, em criancas, ndo ha evidéncias

sélidas.
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Entre as possibilidades de antibioticoprofilaxia, a levofloxacino, um antibiético
da classe das fluoroquinolonas de amplo espectro, ja faz parte de diretrizes que
orientam o uso em adultos com neutropenia afebril. Apesar disto, segundo diretriz
publicada em julho de 2020 pela Infectious Diseases Society of America, a
recomendacdo € que ndo se faca uso de antibioticoprofilaxia rotineiramente em
criancas em primeiro diagnostico de LLA na fase de inducao devido ao baixo corpo de
evidéncia até o momento. Quando indicado, o grupo sugere o uso de Levofloxacino
como antibiético de escolha e somente para aqueles pacientes que apresentam
neutropenia grave (contagem absoluta de neutréfilos <500/mm3) por ao menos 7 dias
(LEHRNBECHER et al., 2020).

Em 2021 iniciou-se o0 ensaio clinico randomizado, aberto, multicéntrico
chamado “profilaxia antibidtica com levofloxacino na indu¢do quimioterapica em
criangcas com leucemia linfoblastica aguda — um ensaio clinico randomizado” (UTN
U1111-1284-1338). Como parte desse ensaio clinico foi realizado um projeto
objetivando avaliar a seguranca do uso de levofloxacino como profilaxia
antimicrobiana na fase de indugcdo em criangcas com LLA de novo. Desfechos como
febre, colite por Clostridioides, efeitos adversos e surgimento de germes
multirresistentes foram avaliados.

A analise interina de dados permitirA comparar a incidéncia de efeitos adversos,
colite por Clostridioides e emergéncia de germes multirresistentes com o uso de
levofloxacino nessa populacdo, definindo assim a seguranca do ensaio clinico e

ampliagcdo do numero de pacientes incluidos.
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2 REVISAO DA LITERATURA

2.1 PROFILAXIA ANTIBIOTICA E LAS NA INFANCIA

As caracteristicas desejaveis para um antibiético ser usado como profilaxia em
pediatria sdo: amplo espectro de acao, boa biodisponibilidade, atividade bactericida,
formulacdo oral com boa tolerabilidade, poucos efeitos adversos, baixa inducao de
resisténcia e baixo custo. Estudos metodologicos sdlidos utilizando profilaxia
antibiotica em criangas com LLA s&@o escassos. Nos ultimos 10 anos somente 7
estudos sobre profilaxia antibiética com fluoroquinolonas (FQ) na LAs em criancas
foram descritos, sendo 3 estudos observacionais e 4 ensaios clinicos randomizados
(Quadro 1).

2.2 O PAPEL DAS FQS

FQs sdo uma classe de antibiéticos que apresenta como caracteristicas: amplo
espectro de acao, boa penetracdo em tecidos e ac¢ao bactericida agindo na sintese do DNA
bacteriano interferindo com a DNA girase e topoisomerase IV, ambas necessarias para a
replicacdo do DNA. FQ tem acdo antibacteriana contra gram positivos, gram negativos e
bactérias atipicas (BOSSU et al., 2021).

Apesar dessas vantagens teoricas, a preocupacao com o uso de FQs em
criancas vem de estudos em modelos animais jovens demonstrando diferentes graus
de artropatias em diferentes animais. Apesar desses resultados, todos os estudos
realizados posteriormente ndo conseguiram comprovar 0 aumento do risco de
gualquer sequela em neonatos, lactentes e criancas com o uso dessa classe de
medicamento (CHOI; KIM; KIM, 2013). Como exemplo, um estudo multicéntrico de
Chalumeau et al. (2003) demonstrou que, apesar da maior frequéncia de eventos
musculoesqueléticos com o uso do FQ em criancgas, quando comparados aos adultos,
a maioria desses eventos foi de intensidade moderada e transitoria. A suspensao da

medicacdo levou a interrupcdo completa dos sintomas.
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Quadro 1 - Dados sumarizados com os diferentes regimes de profilaxia antibacteriana com FQ em criangcas com LAs ou em TCTH

nos ultimos 10 anos

Estudo Tipo de Pacientes e tratamentos Regime Resultados
(ano) estudo Profilatico
Febre (P =0.07):
- Placebo: risco 2.7%
- Intervencéo: risco = 50%
Sepse (P =0.22):
- Diagndéstico: LLA - Placebo: risks = 38.5%
- Intervencéo: risks = 50%
Ensaio - N° pacientes: 110 (0 - 14 anos) Ciprofloxacino
Widjajan | clinico Mortalidade (P = 0.05):
to et al. | randomizado | - Protocolo: (WK)-ALL-2000 - Placebo: risks = 5.8%
(2013) , duplo cego - Intervencéo: risks = 18.9%
Nadir (P=0.01)
- Placebo: 270 (14-25.480) x10°células/L
- Intervencdo: 62 (5-884) x10°células/L
- Diagnéstico: LLA e linfoma Febre:
- Placebo: 17/34 (50.0)
Estudo -N°pacientes: 95 (71 comLLAe 24 - Intervencéo: 27/37 (73.0)
prospectivo com linfoma) - Diferenca absoluta de risco: -23.0 (—45.0 para —0.9) P = 0.046
Laopras | randomizado | (3 meses - 18 anos) -LLA 13/24 (54.2) 24/30 (80.0) —25.8 (-50.4 para —1.3) P = 0.042
opwatta |, duplo cego, Ciprofloxacino -Linfoma 4/10 (40.0) 3/7 (42.9) —2.9 (-50.4 para 44.7) P <0.999
na et al. | placebo - Protocolo: fase de inducéo ou
(2013) controlado consolidagéo (ndo especificado)
- Diagnéstico: LLA Taxa de infeccdo durante fase de indugéo P<0.0001
DFCI 11-001 14.3%
- N° pacientes: 1.024 DFCI 05-001 26.3%
230 pacientes - (DFCI 11-001)
794 pacientes - (DFCI 05-001) Levofloxacino Taxa de bacteremia durante fase de inducéo
(1-21 anos) ou moxifloxacino | P <0.0001
por via oral DFCI 11-001 10.9%
- Protocolo: DFCI 05-001 24.4%
Prospectivo DFCI 11-001 (prophylaxis group)

DFCI 05-001 (control group)
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Sulis et
al.
(2017)

Taxa de morte durante inducédo (0.9% vs. 2%) ndo teve diferenca

estatistica significativa.

Yeh et
al.
(2014)

Estudo de
coorte,
centro Unico

- Diagnéstico: LLA e LMA

- N° pacientes: 149 (113comLLAe

36 com LMA)
(<18 anos)

- Protocolo: LLA: Taiwan Pediatric
Oncology Group-ALL-2002 protocol
LMA: Taiwan Pediatric Oncology

Group-AML-97A protocol

Ciprofloxacino e

voriconazol via
oral

LLA

Bacteremia | (P = 0.02)
Pre-prophylaxis: 19
Prophylaxis: 5

IFI (P <0.01)
Pre-prophylaxis: 10
Prophylaxis: 0

NF (P <0.01)
Pre-prophylaxis: 50
Prophylaxis: 19

SG

Pre-prophylaxis: 86%+5%
Prophylaxis: 98%+2%
SLE

Pre-prophylaxis: 78%+9%
Prophylaxis: 87%+6,5%

AML

Bacteremia (P <0.01)
Pre-prophylaxis: 25
Prophylaxis: 5

IFI (P <0.01)
Pre-prophylaxis: 12
Prophylaxis: 0

NF(P = 0.01)
Pre-prophylaxis: 24
Prophylaxis: 14

SG

Pre-prophylaxis: 60%20%
Prophylaxis: 68%+16%
SLE

Pre-prophylaxis: 50%+11%
Prophylaxis: 55%+11%
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Wolf et
al.
(2017)

Estudo de
coorte,
centro Unico

- Diagnostico: LLA
- N° pacientes: 344

- Protocolo: TOTXVI and TOTXV

Levofloxacino (a
partir de 08/14)
(n=69)

Cefepime,
ciprofloxacino
ou vancomicina
mais cefepime
ou
ciprofloxacino
(de 2007 a
07/2014)
(n=102)

Eficacia de profilaxia primaria

NF - OR (95% CI): 0.23 (0.14-.40) P <.001

Bacteremia - OR (95% CI): 0.30 (0.13-0.73) P = 0.008

Infeccéo por Clostridioides difficile - (95% CI): 0.38 (0.16—0.93) P = 0.04

Levofloxacino vs nenhuma profilaxia

NF - OR (95% ClI): 0.28 (0.15-0.52) P <.001

Bacteremia - (95% CI): 0.42 (0.15-1.16) P = 0.09

Infecgéo por Clostridioides difficile - OR (95% CI): 0.03 (<.01 to .24) P
<.001

Levofloxacino vs outras profilaxias

NF - OR (95% ClI): 1.17 (0.64-2.14) P = 0.60

Bacteremia - OR (95% ClI): 1.85 (.54-6.35) P = 0.33

Infecg@o por Clostridioides difficile - OR (95% CI): 0.04 (<0.01-0.36) P=
<.001

Alexand
er et al.
(2018)

Ensaio
clinico
randomizado
, aberto,
multicéntrico

- Diagnéstico: LAs
e pacientes submetidos a TCTH.

- N° pacientes: 624
200 (LAs)

424 (TCTH)

(6 meses - 21 anos)

- Protocolo:

LMA: Citarabina, daunorrubicina,
etoposideo

Citarabina, etoposideo
Mitoxantrona, Citarabina,

outros

LLA:

Mitoxantrona, vincristina,
dexametasona, asparaginase

citarabina, asparaginase
ciclofosfamida, etoposideo,
outros

Levofloxacino

Probabilidade de bacteremia

LAs

Grupo profilaxia: 21.9%

Grupo controle; 43.4%

Diferenca de risco (95%Cl); 21.6% (8.8%-34.4%) P = 0.001

TCTH

Grupo profilaxia: 11.0%

Grupo controle: 17.3%;

Diferenca de risco (95%Cl): 6.3% (0.3%-13.0%) P = 0.06

Quando todos o0s pacientes combinados, levofloxacino reduz
significativamente a probabilidade de bacteremia; diferenca de risco
(95%Cl): 11.4%;(5.1%-17.6%) P < .001

Febre e neutropenia

Grupo profilaxia: 71,2%

Grupo controle: 82,1%

Diferenca de risco (95%CI): 10.8% (4.2%-17.5%) P = 0.002

Infeccdo Grave
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TCTH autologo:
Bussulfano/ melfalano
carboplatina

outros

TCTH alogénico:
Radioterapia, bussulfano
outros

Grupo profilaxia: 3.6%
Grupo controle: 5.9%
Diferencga de risco (95%Cl): 2,3% (-1.1- 5.6%) P = 0.204

Feng et | Prospectivo
al.
(2013)

- Diagnéstico: LMA
- N° pacientes: 38 (2-16 anos)

- Protocolo: NOPHO 2004

Vancomicina/
Cefepime
Piperacilina/
Tazobactam

ou

Frequéncia de febre (eventos) P<0.001
Grupo profilaxia: 0.4+0.1
Grupo controle: 0.9+0.1

Intervalo entre agranulocitose e febre (dias) P=0.07
Grupo profilaxia: 6.4+0.9
Grupo controle: 3.8+0.4

Hospitalizagao (dias) P<0.001
Grupo profilaxia: 21.5+0.7
Grupo controle: 28.5+1.7

Infeccdo pulmonar P<0.001
Grupo profilaxia: 80%
Grupo controle: 39%

Abreviacdes: LLA (leucemia linféide aguda); LMA (leucemia mieldide aguda); (WK)-ALL-2000 (Indonesian Wijaya Kusuma (WK)-ALL-2000); DFCI 11-001
(Dana-Farber Cancer Institute ALL Consortium Protocol 11-001); DFCI 05-001 (Dana-Farber Cancer Institute ALL Consortium Protocol 05-001); IFI (infecc&o
fungica invasiva); NF (neutropenia febril); SG (sobrevida geral); SLE (sobrevida livre de eventos); TOTXVI and XV (Total Therapy Study XVI and XV); TCTH
(transplantes de células-tronco hematopoiéticas); LAs (leucemia agudas); NOPHO (Nordic Society of Pediatric Hematology and Oncology).

Fonte: Elaboragé&o propria.
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Além disso, o fato de as FQs serem conhecidas pelo risco aumentado de levar
a neuropatia periférica em adultos, gera preocupacdo com o uso dessa classe de
antibioticos em neoplasias que também fazem uso de medicamentos com potencial
de causar lesdo neuropética, como a vincristina, rotineiramente presentes no
tratamento da LLA na infancia.

No entanto, Karol et al. demonstraram, em uma coorte observacional com 598
criancas, que nao houve aumento do risco de neuropatia periférica em pacientes
diagnosticados com LLA e que utilizaram levofloxacino na indug&o de remissédo. N&o
houve evidéncia de associagcdo entre exposicdo a FQ e neurotoxicidade periférica
induzida por vincristina subsequente (taxa de risco [HR] 0,8, intervalo de confianca de
95% [CI] 0,5-1,04, P = 0,08) ou NPIV de alto grau (RH 1,1, 95% CI 0,4-2,2, P = 0,87)
(KAROL et al., 2020).

Outro aspecto importante é que, dentro das limitagbes associadas ao uso
profilatico de antibidticos, muito se tem falado recentemente sobre o impacto na
microbiota normal. J& se sabe que a profilaxia antimicrobiana altera a microbiota
intestinal de criangas com cancer. A microbiota consiste em varias espécies de
bactérias que povoam o liumen intestinal compartilhando uma relacéo simbidtica com
seu hospedeiro. E estabelecido nos primeiros estagios da vida e é Gnico para cada
individuo. Muitos fatores s@o responsaveis por alterar a taxa microbiana intestinal
humana, um dos quais € o uso de antibioticos, mesmo por curtos periodos. Essa
alteracao é chamada de disbiose e tem se mostrado relacionada ao desenvolvimento
de diversas doengas, como asma, sindrome de Kawasaki, autismo, doenca
inflamatéria intestinal e, principalmente, cancer, além de outros fatores de risco.

Alguns efeitos do uso de FQs na microbiota intestinal ja sédo conhecidos, como
reducdo da abundancia de Enterobacteriaceae, Bacillus spp., Corynebacterium spp.,
deplecdo de algumas bactérias anaerébias (Bacterioides spp., Bifidobacterium spp.,
Lactobacillus spp., Peptostreptococcus spp., Veilonella spp.) e aumento da
abundancia de Citrobacter spp., Enterobacter e Klebsiella spp. (13). De acordo com
uma revisao recente de Bossu et al. pouco se sabe hoje sobre a interacdo da
microbiota com o antibiotico profilatico e se esse aspecto pode realmente influenciar
0 progndstico de criangas com LAs (BOSSU et al., 2021).

Apesar dos poucos estudos com FQs, alguns resultados foram importantes
para orientar novas pesquisas nessa classe de antibioticos. Laoprasopwattana et al.,

em 2013, em estudo randomizado com ciprofloxacino em 95 criancas, demonstraram
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gue seu uso é capaz de prevenir episodios febris em criangas neutropénicas com LLA
(P=0,046). No entanto, esse efeito so foi identificado na fase de inducéo da remisséao.
Em outras fases de tratamento, e em pacientes com linfoma, esse efeito nao foi
observado. Todavia, houve um aumento na porcentagem de Escherichia coli e
Klebsiella pneumoniae resistentes a ciprofloxacino em swab retal controle
(LAOPRASOPWATTANA et al., 2013).

No ano seguinte, outro estudo investigou a eficacia na prevencéao de infec¢éo
da corrente sanguinea e infeccao fungica invasiva (IFI) com antibiéticos e agentes
antifngicos. Um estudo de coorte em Taiwan foi realizado entre 113 pacientes com
diagnéstico inicial de LLA e LMA. Profilaxia com ciprofloxacino e antifungicos foram
administrados nos periodos de inducdo e quimioterapia de alta intensidade. A
profilaxia combinada foi capaz de reduzir as taxas de infeccao da corrente sanguinea,
IFI, NF e tempo de internagdo em UTI de pacientes com LLA. Também foi capaz de
reduzir as taxas de infeccdo da corrente sanguinea, FN, IFI e mortes relacionadas a
infeccdo em criancas com LMA. O estudo também se mostrou custo-efetivo e ndo
demonstrou aumento da taxa de resisténcia a ciprofloxacino durante o tratamento
(YEH et al., 2014).

No entanto, nem todos os estudos de ciprofloxacino foram na mesma dire¢éo.
Anteriormente, um ensaio clinico randomizado duplo-cego na Indonésia com 110
criancas com diagnéstico inicial de LLA concluiu que a ciprofloxacino, quando usada
durante a inducdo da quimioterapia, levou a um nadir mais alto de contagem de
neutréfilos (mediana de 62 vs. 270, P <0,01) e risco aumentado de mortalidade (18,9%
versus 5,8%, P=0,05) quando comparado ao placebo. Os autores destacaram a
desnutricdo ndo balanceada entre o grupo placebo e o0 grupo intervencao
(WIDJAJANTO et al., 2013).

2.3 LEVOFLOXACINA E PROFILAXIA

E importante ressaltar que os beneficios do uso de antibioticoprofilaxia durante
os periodos de neutropenia em pacientes em quimioterapia ja foram comprovados em
adultos com LA. A profilaxia reduz infecces e mortalidade relacionada a infec¢éo. Por
esses motivos, seu uso em periodos de neutropenia afebril jA € uma pratica bem

estabelecida nessa faixa etaria. Dentre 0s possiveis antibioticos, a levofloxacino ja faz
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parte das diretrizes internacionais para adultos com neutropenia (GAFTER-GVILI et
al., 2005).

Entre os poucos dados existentes sobre o uso de levofloxacino em criancas,
um estudo de coorte realizado em 2017 no St. Jude Children's Research Hospital
(Memphis/Tennessee) com 344 pacientes identificou que a profilaxia foi capaz de
prevenir significativamente a NF e a infeccdo sistémica durante a quimioterapia de
indugao por = 70%. O uso de levofloxacino nessas criangas também minimizou o uso
de antibioticoterapia com cefepime/ceftazidime, vancomicina e aminoglicosideos.
Inesperadamente, a profilaxia com levofloxacino reduziu drasticamente as taxas de
infeccao por colite causada por Clostridioides difficile e outras enterocolites (WOLF et
al., 2017). Dados extremamente relevantes, uma vez que a infec¢ao por Clostridioides
difficile esta relacionada a maior mortalidade em criancas hospitalizadas, maiores
custos hospitalares e tempo de internacao hospitalar (SAMMONS et al., 2013).

No mesmo ano, Sulis et al. (2018) corroboraram esses achados demonstrando
gue o uso de FQ para o tratamento inicial da febre, bem como para a profilaxia em
230 criangcas com diagnastico inicial de LLA recebendo quimioterapia de inducéo é
eficaz na reducdo de bacteremia por gram-negativos e alguns gram-positivos. Além
disso, foi demonstrado que a levofloxacino ndo levou a um aumento da incidéncia de
germes multirresistentes ou infecgéo por Clostridioides difficile ou fungos.

Além de prevenir a NF, a levofloxacino também poderia ser utilizada para
prevenir a bacteremia na LA, importante fator de morbimortalidade nesses pacientes.
Da mesma forma, Alexander et al. em ensaio clinico randomizado com 195 criancas
com LA e 418 criancas submetidas ao TCTH demonstraram efeito protetor em
criancas com LA que usaram levofloxacino durante o periodo de neutropenia. A
probabilidade de febre e neutropenia foi menor no grupo de profilaxia com
levofloxacino do que no grupo controle (71,2% vs. 82,1%; IC 95%, P=0,002), assim
como o risco de bacteremia (21,9% vs. 43,4%; IC 95%, P=0,01). No entanto, 0 mesmo
estudo ndo demonstrou esse mesmo efeito na reducdo do risco de bacteremia em
criancas submetidas ao TCTH (ALEXANDER et al., 2018).

Atualmente, a prevencao da NF n&o € o unico objetivo de implementacdo da
profilaxia antibiética. Também é importante considerar o custo-beneficio de seu uso,
uma vez que um episéddio de NF pode ter um impacto orgamentario importante devido
a internacdo em UTI, uso de antibidticos caros e Obito. Em alguns estudos, a

levofloxacino foi eficaz na prevencao de infeccdo bacteriana com custo-efetividade
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comprovada em criancas com LMA e LLA recidivante recebendo quimioterapia
intensiva (MASER et al., 2020; MCCORMICK et al., 2020).

Esses dados apoiaram a publicacdo de uma diretriz, em julho de 2020, pela
Infectious Diseases Society of America sobre profilaxia antibacteriana em céancer
pediatrico e transplante de células-tronco hematopoiéticas. A recomendacao € que a
antibioticoprofilaxia ndo seja usada rotineiramente em criancas diagnosticadas com
LLA na fase de inducéo, devido ao baixo corpo de evidéncias apresentado até o
momento. Apesar dessa consideracdo, o grupo sugere o uso de levofloxacino como
antibiotico de escolha para aqueles pacientes que apresentam neutropenia grave
(contagem absoluta de neutréfilos <500/mm3) por pelo menos 7 dias
(LEHRNBECHER et al., 2020).

2.4 REGIMES PROFILATICOS QUE NAO SEJAM FQS

Os estudos mais recentes se concentram no uso de FQs na profilaxia de
infec¢des durante periodos neutropénicos em pacientes pediatricos com cancer, mas
outras classes de antibioticos foram investigadas anteriormente (AVRIL et al., 1994,
CECINATI et al., 2014). Os regimes baseados em trimetoprima-sulfametoxazol (TMP-
SMX) foram uma das combinacdes testadas nesses ensaios.

O TMP-SMX tem atividade bactericida contra varias bactérias cepas como
Klebsiella, Escherichia coli, Salmonella (bactérias Gram-negativas), Streptococcus
pyogenes, Staphylococcus aureus, Streptococcus pneumoniae (bactérias Gram-
positivas), como também Pneumocystis jiroveci e Nocardia (RUNGOE et al., 2010).

Os estudos que testaram a profilaxia antibidtica em criancas tratadas para
malignidades hematolégicas agudas tém resultados conflitantes sobre a eficacia do
TMP-SMX. Gorin et al., entre 1979 e 1982, em estudo duplo-cego, avaliaram a eficicia
do uso da profilaxia TMP-SMX em criangas com LLA. O grupo de dados foi capaz de
mostrar menor incidéncia de infec¢cdes bacterianas (como otite média p=0,004) e
menos episodios de internagc&o hospitalar no grupo tratado (p=0,01), mas a diferenca
no numero de bacteremias no grupo profilatico ndo foi estatisticamente significante
(p=0,08). Eles também demonstraram a emergéncia de bastonetes gram-negativos
resistentes a TMP-SMX (p=0,05) (GOORIN et al., 1985). Em 2010, Rungoe et al.
publicaram um estudo de coorte retrospectivo ndo randomizado de crian¢cas com LLA

(n=171) para comparar a taxa de infec¢des entre 2 grupos, dos quais um recebeu
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profilaxia SMX-TMP. Eles conseguiram demonstrar que o grupo de profilaxia
desenvolveu menos episddios de febre (p<0,002) e bacteremia (p<0,0003), apesar de
nao ser um estudo randomizado (RUNGOE et al., 2010).

A superioridade do TMP-SMX na prevencédo de infeccdes em criangas
neutropénicas recebendo quimioterapia de indugcao de LLA n&o foi demonstrada em
outros estudos. Cruciani et al., em um estudo prospectivo randomizado, compararam
a eficacia de norfloxacino oral versus TMP-SMX oral e Van Eys et al., em outro estudo
prospectivo randomizado, também verificaram o uso de profilaxia com TMP-SMX em
criancas com LLA. Ambos foram incapazes de demonstrar uma diferenca
estatisticamente significativa entre os grupos de tratamento e controle. Da mesma
forma, Cruciani et al. observaram uma grande selecdo de cepas gram-negativas
resistentes no grupo de profilaxia com TMP-SMX (CRUCIANI et al., 1989). Em outro
estudo, Lange et al., embora tenham mostrado diminuicdo do nimero de dias de
internacdo no grupo de tratamento (p<0,001), ndo demonstraram diferenca
significativa no nimero de episédios de infeccdo ou febre de origem desconhecida
(LANGE et al., 1984).

Em uma recente meta-andlise de diretrizes para profilaxia antibacteriana em
cancer pediatrico e transplante de células-tronco hematopoiéticas, publicada por
Lehrnbecher et al., embora tenham sido encontradas evidéncias de que a profilaxia
TMP-SMX reduziu a mortalidade relacionada a infec¢éo (razéo de risco [RR], 0,61
:95% Cl, 0,39-0,94) e bacteremia (RR, 0,59; 95/5 Cl, 0,41-0,85) e que a profilaxia com
cefalosporina reduziu a bacteremia (RR, 0,30; 95% CI, 0,15-. 58), seu uso néo foi
recomendado devido ao fato de que os estudos podem ter viés e a observacédo de que
a profilaxia TMP-SMX pode causar mielossupressao induzida por drogas e selecionar
bactérias multirresistentes (LEHRNBECHER et al., 2020).

Outra combinacao de antibiéticos ja testados na profilaxia foi a teicoplanina com
uma cefalosporina de terceira geragdo. Em um estudo randomizado com criangas
tratadas com altas doses de quimioterapia e TCTH (n=60), Avril et al. (1994)
apresentaram menor incidéncia de septicemia (p<0,05), atraso do primeiro episédio
de febre (p<0,005) e aumento do intervalo de tempo entre o TCTH e o inicio da FOI
no grupo de profilaxia (p<0,001).

Nesse contexto, a amoxicilina/clavulanato também foi testada para prevenir
infeccdo em criancas neutropénicas. Em um estudo multicéntrico randomizado, duplo-

cego controlado por placebo, Castagnola et al. (2003) testaram
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amoxicilina/clavulanato oral para prevenir infeccdo e/ou febre em criancas
neutropénicas (n=167). O estudo nao foi capaz de demonstrar que a profilaxia com

amoxicilina/clavulanato foi superior ao placebo na prevencao de febre ou infecgéo.
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3 JUSTIFICATIVA

N&o ha nenhum ensaio clinico randomizado até o momento que tenha avaliado
o0 uso de levofloxacino na indug&o quimioterapica e blocos de alto risco de neutropenia
febril em criancas com LLA em primeiro diagnéstico, objetivando avaliar desfechos
infecciosos e de seguranca. Como este € um estudo prospectivo envolvendo
pacientes de alta gravidade, faz-se necessaria uma analise interina que avalie a
seguranca da exposicdo desses pacientes com levofloxacino para definirmos o

seguimento ou néo do estudo.
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4 HIPOTESE

O uso de levofloxacino em criancas com primeiro diagnéstico de LLA na fase
de inducdo quimioterapica € seguro, ndo é capaz de induzir & emergéncia de
Enterobacter produtora de carbapenemases e ndo aumenta o risco para colite por

Clostridioides difficile.
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5 OBJETIVOS

5.1 GERAL

Avaliar a seguranca do uso de levofloxacino em criangas com primeiro

diagnéstico de LLA na fase de inducédo quimioterapica.

5.2 ESPECIFICOS

° Avaliar o impacto da antibioticoprofilaxia nas taxas de colonizacdo por
Enterobactérias Produtoras de Carbapenemases (EPC).

° Avaliar o impacto da antibioticoprofilaxia nas taxas de diarréia
relacionada a Clostridioides difficile.

° Avaliar efeitos adversos agudos relacionados ao uso de levofloxacino.

° Avaliar o impacto da antibioticoprofilaxia nas taxas de neutropenia febril.
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6 METODOLOGIA

6.1 TIPO E NATUREZA DO ESTUDO (DELINEAMENTO)

Este € um ensaio clinico de fase Ill, randomizado, multicéntrico, aberto.

6.2 LOCAL OU CENARIO

Este ensaio clinico esta sendo realizado nos seguintes hospitais:

o Hospital da Crianca Santo Anténio, Porto Alegre, RS.
o Hospital Amaral Carvalho, Jau, SP.
o Hospital de Clinicas de Porto Alegre, Porto Alegre, RS.

6.3 POPULACAO E AMOSTRA

6.3.1 Critérios de inclusao

Foram incluidos todos os pacientes, de um ano a dezoito anos incompletos,
com diagnostico inicial de leucemia linfoblastica aguda admitidos nos trés hospitais
pediatricos a partir da data da aprovacdo do estudo no comité de ética de cada
hospital. Todos os pacientes que participaram do estudo foram submetidos a Terapia
de inducéo que inclui 4 semanas de prednisona oral, 4 doses de vincristina semanais,
2 ou 4 doses de daunorrubicina semanais e 2 doses de PEG-asparaginase. Os
lactentes menores de um ano de idade sdo submetidos a protocolo especifico para
esta faixa etéria e, portanto, ndo foram incluidos neste estudo.

Criancas com infeccgédo clinica ou microbiologicamente documentada antes do
inicio da inducdo ou com febre antes da terapia de inducdo que requereu uso de
antibioticoterapia prolongada (> 5 dias) para tratar infeccdo nao foram incluidos no
estudo para evitar confusao entre tratamento antibiotico com profilaxia antibiética.
Criancas com qualquer tipo de historico de alergia ao uso de quinolonas e histérico de

artrite crénica em tratamento também nao participaram do estudo.

6.3.2 Critérios de exclusao
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Pacientes que desenvolveram neutropenia febril nos primeiros 7 dias de
inducdo ou apés <2 dias de neutropenia serdo excluidos pela auséncia de

oportunidade suficiente para atividade da antibioticoprofilaxia.

6.3.3 Calculo amostral

Foi calculado o tamanho de amostra para detectar diferencas entre as
propor¢cdes de neutropenia febril entre os grupos interveng&o controle, por meio da
ferramenta PSS-health (BORGES et al., 2021). Considerando poder de 80%, nivel de
significancia de 5% e uma propor¢cédo de neutropenia febril no Tratamento de 40% e
no Controle de 61% como é referida em Wolf (2017), chegou-se ao tamanho de
amostra total de 196 sujeitos, sendo 98 em cada grupo. Acrescentando 10% para
possiveis perdas e recusas o tamanho da amostra devera ser 218 pacientes.

Para este estudo, o célculo amostral ndo foi realizado por se tratar de um estudo

com amostra por conveniéncia.

6.4 INTERVENCAO

A randomizacdo entre os grupos de estudo foi aleatoria por bloco de quatro
pacientes e foi utilizado o programa online Research Randomizer. A populacao foi

dividida em dois grupos descritos a seguir.

6.4.1 Grupo intervencao (grupo 1)

Neste grupo, o uso de Levofloxacino inicia-se no terceiro dia na indugao
guimioterapica para todos os pacientes. A op¢ao por so iniciar no terceiro dia foi para
facilitar o recrutamento destes pacientes.

O uso foi continuo até que qualquer um dos critérios a seguir fossem atendidos:
(a) contagem absoluta de neutréfilos maior ou igual a 500/uL apds nadir; (b) inicio do
proximo ciclo quimioterapico. Levofloxacino era suspenso se antibioticoterapia
parenteral foi iniciada por qualquer razao.

A dose do levofloxacino usada para criangas entre um ano e < cinco anos é de
10 mg/kg/dose 2x ao dia e, para agueles maiores de 5 anos, € de 10 mg/kg/dose 1x

ao dia, dose maxima de 750 mg/dia. Levofloxacino é administrada oralmente, caso
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nao seja tolerada a via oral o mesmo pode ser administrado endovenoso na mesma

dose e esquema.

6.4.2 Grupo intervencao (grupo 2)

Os pacientes deste grupo ndo serdo expostos a nenhum tipo de intervencao.

6.5 COLETA E PROCESSAMENTO DE DADOS

Os dados foram registrados através do software Redcap®, garantindo, assim,
o sigilo das informacdes e permitindo a integracdo com as demais instituicbes
nacionais participantes. Cada centro teve acesso as informacf6es de seu proprio
centro. Somente o centro coordenador tem acesso aos dados globais. A forma de
acesso aos dados do paciente foi por consulta direta ao prontudrio.

A andlise estatistica foi realizada com o software SPSS (Statistical Package for
the Social Science, v. 18). As variaveis continuas foram avaliadas com o teste de
normalidade de Shapiro-Wilk; aqueles com distribuicdo assimétrica foram expressos
em medianas e intervalos interquartis. As variaveis qualitativas foram resumidas em
frequéncias absolutas e relativas. O teste exato de Fisher e o teste do qui-quadrado
de Pearson foram usados para variaveis categoricas e o teste U de Mann-Whitney

para variaveis quantitativas.

6.6 VARIAVEIS UTILIZADAS

As variaveis analisadas foram idade, sexo, tipo de leucemia linfoblastica aguda,
uso ou ndo de levofloxacino durante a indugdo, diagnostico de sindrome de down,
colonizagédo por EPC, diarreia por clostridioides, toxicidade relacionada ao uso de
levofloxacino e neutropenia febril durante a inducao.

A Neutropenia febril foi definida pela presenca de temperatura corporal maior
ou igual a 37,8 oC em pacientes cuja contagem total de neutréfilos foi menor que
500/uL.

Diarreia por Clostridiodes Difficile foi definida pela presenca de diarreia e
identificacdo, nas fezes, da presenca de Clostridioides difficile por PCR ou

identificacao de suas toxinas.
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A monitorizagdo da colonizacdo por EPC foi realizada por swab retal no
momento da admissdo hospitalar — para identificarmos que o paciente ndao esta
colonizado antes do inicio do tratamento — e ao final das internacdes e do bloco de
indugé@o. A coleta de swab adicional a excecdo desses critérios foi de escolha do
médico ou Controle de Infec¢do Hospitalar de cada centro.

Efeitos adversos foram definidos quanto a causalidade sendo classificadas
como: possivel, provavel ou definitiva e descritos quanto a gravidade de cada sistema
fisiolégico como: leve, moderada, grave ou fatal, segundo critérios modificados da
Organizacdo Mundial de Saude (Quadro 2 e Quadro 3).

Quadro 2 — Classificacédo da toxicidade quanto a causalidade

Possivel Ocorre onde dois ou mais medicamentos podem ser envolvidos,
ou ainda se pode inferir relacdo com a doenca
. Ocorre onde somente um medicamento pode ser envolvido
Provével
Definida ocorre durante a infusdo e/ou reexposicao

Fonte: Elaboracéo propria.

Quadro 3 — Classificacédo da toxicidade quanto a gravidade

Pequena importancia clinica e de curta duracdo, podendo requerer
Leve ~ . X .
tratamento, ndo afetando substancialmente a vida do paciente
Altera as atividades usuais do paciente, resultando em incapacidade
Moderada L ) ' ~
transitéria sem sequelas. Necessita de intervencao
Grave Ameaca diretamente a vida do paciente, provoca hospitalizacdo e pode
causar sequelas permanentes
Fatal Resulta em 6bito

Fonte: Elaboragéo propria.

6.7 ANALISE ESTATISTICA

A andlise estatistica foi realizada com o software SPSS (Statistical Package for
the Social Science, v. 18). Os dados categoricos foram expressos em frequéncias e

percentuais.
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6.8 CONSIDERACOES ETICAS

O projeto foi aprovado pelo Comité de Etica em Pesquisa do Hospital de
Clinicas de Porto Alegre CAAE 43076621.8.1001.5327 e pelos respectivos CEPs de
todos os centros participantes.

A equipe de pesquisa assinou o termo de compromisso para utilizacdo dos
dados dos prontuarios como garantia da confidencialidade das informacdes obtidas.

Auséncia de conflitos de interesse.
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Introduction

Malignant neoplasms in pediatric patients are the main cause
of death not related to accidents in this age group and, among
them, acute leukemias (ALs) are the most prevalent." The ALs
can be classified as acute lymphoblastic leukemia (ALL) and
acute myeloid leukemia (AML), according to the hematopoi-
etic origin of the leukemic blast

The treatment of ALLs has evolved in recent decades,
reaching an overall survival rate close to 90%.” Although there
are several chemotherapy protocols, most of them are based
on a remission induction period, followed by a post-induc-
tion/intensification/consolidation and maintenance phase.

Due to the high cure rates in ALLSs, the percentage of treat-
ment-related deaths should be reduced to the lowest possible
number. Today, approximately 4% of patients die from sec-
ondary complications of chemotherapy. Among these com-
plications, the most frequent is febrile neutropenia (FN)
followed by infections of the respiratory tract, ear, blood-
stream and gastrointestinal tract, which occur mainly in
more intensive chemotherapy periods, such as the induction
phase.” Infections not only directly increase the death rate,
but can also cause delays in chemotherapy treatment, which
can, in turn, lead to an increase in relapse rates. It is notewor-
thy that, among all etiologies, bacterial infections are the
major cause of morbidity and mortality in neutropenic
patients after chemotherapy in this group of patients.”

The treatment of AML, different from ALL, consists of
sequential blocks of high-intensity chemotherapy that can be
associated with allogeneic hematopoietic stem cell transplan-
tation (HSCT). These high-intensity chemotherapy blocks
lead to near-myeloablation and, consequently, to a consider-
able amount of treatment-related toxicity with a high risk of
severe infection and death.”

Despite this, survival rates have increased in the last
decade, reaching 70% in developed countries, mainly due to
the improvement of supportive care and the adaptation of
therapy based on risk factors, such as genetic alterations and
response.”

Because of the causes described above (intensity of che-
motherapy regimen and need for HSCT), infection and treat-
ment-related mortality rates in children with AML are
generally higher than in those with ALL.*"’

In order to reduce the risks related to infection in these
groups of patients, systemic antibacterial prophylaxis has
emerged as a possible approach. To establish the regular
use of this approach, risks and benefits must be evaluated,
as the use of antibiotics is related to acute and chronic
adverse effects, induction of antibacterial resistance,
increased Clostridium difficile infection and invasive fungal
infection (IFI).” At the same time, these negative events
may be overcome by potential positive effects, such as a
reduction in fever and infections, lower hospitalization
rates in intensive care units (ICUs), reduction in overall
mortality and infection-related costs.” This review will seek
to evaluate these aspects by describing what is known
today about the use of antibiotic prophylaxis in children
with AL undergoing chemotherapy.

Antibiotic prophylaxis and ALs in childhood

The desirable characteristics for an antibiotic to be used as
prophylaxis in pediatrics are a broad spectrum of action, good
bioavailability, bactericidal activity, oral formulation with
good tolerability, few adverse effects, low induction of resis-
tance and low cost. Solid methodological studies using antibi-
otic prophylaxis in children with ALs are scarce. In the last
10 years, 7 studies on the impact of antibiotic prophylaxis
with fluoroquinolones (FQs) in AL in children were described
in the literature, of which 3 were observational analyses and
4, randomized clinical trials. (See Table 1).

The role of FQs

The FQs are a class of antibiotics with the main necessary
characteristics for a good prophylactic agent in pediatrics:
broad spectrum of action (antibacterial action against gram
positive, gram negative and atypical bacteria), good penetra-
tion into tissues and bactericidal action, action on bacterial
DNA synthesis, interfering with DNA gyrase and topoisomer-
ase IV, and oral formulation.**

Despite these theoretical advantages, the concern regard-
ing the use of FQs in children originates from studies in young
animal models demonstrating different degrees of arthropa-
thies in various subjects. Despite these previous results, all
studies performed later failed to prove the increased risk of
any sequel in neonates, infants and children with the use of
this drug.'"’ As an example, a multicenter study by Chalu-
meau et al. demonstrated that, despite a higher frequency of
musculoskeletal events with the use of FQ in children, when
compared to adults, most of these events were of moderate
intensity and transient. The discontinuation of the medica-
tion led to the complete cessation of symptoms.*

In addition, the fact that FQs are known for their increased
risk of leading to peripheral neuropathy in adults raises con-
cern about the usage of this class of antibiotics in neoplasms
that also make use of neuropathic medications, such as vin-
cristine, applied in the treatment of childhood ALL.

However, Karol et al. demonstrated, in an observational
cohort with 598 children, that there was no increase in risk of
peripheral neuropathy in patients diagnosed with ALL who
used it in the remission induction. There was no evidence of
an association between FQ exposure and subsequent vincris-
tine-induced peripheral neurotoxicity (VIPN) (hazard ratio
[HR] 0.8, 95% confidence interval [CI] 0.5 - 1.04, p = .08) or high-
grade VIPN (HR 1.1, 95% CI0.4 - 2.2,p =0.87).""

Another important aspect is that, within the associated
limitations of the prophylactic antibiotics use, much has been
recently stated about the impact on the normal microbiota. It
is already known that antimicrobial prophylaxis alters the
intestinal microbiota of children with cancer. The microbiota
consists of several species of bacteria that populate the intes-
tinal lumen, sharing a symbiotic relationship with their host.
It is established in the early stages of life and it is unique to
each individual. Many factors are responsible for altering the
human intestinal microbial rate, one of which is the use of

Please cite this article as: M.C. Dufrayer et al, Antibiotic prophylaxis in acute childhood leukemia: What is known so far?, Hematology,
Transfusion and Cell Therapy (2022), https://doi.org/10.1016/] htct 2022091279
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the last 10 years
Study (year) Type of study Diagnostic Patients Treatment Prophylactic Results Comments
regimens
Alexanderetal Multicenter open Als 624 patients (6 Protocol: Levofloxacin Bacteremia The likelihood of
(2018) label and patients under- months - 21 years AML: Cytarabine, ALs fever and neutro-
randomized trial going HSCT old) daunorubicin, eto- Prophylaxis group: penia was lower
200 (ALL) poside 21.9% in thelevofloxa-
424 (HSCT) cytarabine, etopo- Control group: 43.4% cin prophylaxis
side risk difference group than in the
mitoxantrone, cytar- (95%Cl); 21.6% control group in
abine, (8.8% - 34.4%) children with AL
othe: p=0.001 (71.2% vs. 82.1%;
ALL: Patients undergoing 95%IC, p = 0,002)
Mitoxantrone, vin- HSCT as was the risk of
cristine, dexa- Prophylaxis group: bacteremia
methasone, aspar- 11.0% (21.9% vs. 43.4%;
aginase Control group: 17.3%. 95%IC, p =0.01)
cytarabine, asparagi- risk difference However, the
nase (95%Cl): 6.3% (0.3% study did not
cyclophosphamide, - 13.0%) p=0.06 demonstrate this
etoposide, When all patients same effectin
others combined, levo- reducing the risk
Autologous HSCT: floxacin signifi- of bacteremia in
Busulfan/melphalan cantly reduced the children under-
carboplatin based/ likelihood of bac- going HSCT.
others teremia: risk differ-
Allogeneic HSCT: ence (95%CI):
Total body irradia- 11.4%(5.1% -
tion based, busul- 17.6%) p < .001
fan based, Fever and neutrope-
others nia
Prophylaxis group:
712%

Table 1 (continued)

Control group: 82.1%

risk difference
(95%CI): 10.8%
(4.2% - 17.5%)
p=0.002

Severe infection

Prophylaxis group:
36%

Control group: 5.9%

risk difference
(95%CI): 2.3% (—1.1
-5.6%) p=0.204

Study (year) Type of study Diagnostic Patients Treatment Prophylactic Results Comments
regimens
Sulis et al. (2017) Prospective ALL 1,024 patients Protocol: Oral Bacteremia during ‘The study demon-
(1-21yearsold) DFCI11-001 (prophy- levofloxacin or induction strated that FQ
230 patients - (DFCI laxis group) moxifloxacin P <0.0001 use for prophy-
11-001) DFCI 05-001 (control DFCI 11-001 10.9% laxisis effective
794 patients - (DECI group) DECI 05-001 24.4% inreducing
05-001) Infection during gram-negative
induction and some gram-
P<0.0001 positive bacter-
DFCI 11-001 14.3% emia. Also
DFCI 05-001 26.3% shown that levo-
Induction death floxacin did not
(0.9% vs. 2%) was lead to an inci-
not signi ly dencei
different multi resistant
germs or infec-
tion by Clostrid-
ium difficile or
fungi.
Wolfet al. (2017) Single-centerobser-  ALL 344 patients Protocol: TOTXVI Levofl (from of Pri- The article identi-
vational cohort and TOTXV August 2014) mary Prophylaxis fied that prophy-
study (n=69) FN - adjusted OR laxis was able to

Cefepime, ciproflox-
acin or vancomy-
cin plus cefepime
or ciprofloxacin
(2007 - July 2014)
(n=102)

(95% C1):0.23 (0.14

significantly pre-

—.40) p <001 vent FN and sys-

BSI - adjusted OR temic infection
(95% C1): 0.30 (0.13 during induction
~0.73) p = 0.008 chemotherapy by

Clostridium difficile 270%. The use of
infection - levofloxacin also
adjusted OR (95% minimized the
C1):0.38 (0.16 — use of antibiotic
093)p=0.04 treatment with

L invs no pi i
prophylaxis dime, vancomy-

FN - adjusted OR
(95% CI): 0.28 (0.15
~0.52)p <.001

BSI - adjusted OR
(95% C1): 0.42 (0.15
-1.16)p=009

Clostridium difficile
infection -
adjusted OR (95%
C1):0.03 (< 01 to
24)p<.001

Levofloxacin vs

cinand
aminoglycosides.
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Table 1 (continued)

Study (year) Type of study Diagnostic Patients Treatment Prophylactic Results Comments
regimens
other prophylaxis
FN - adjusted OR
(95%Cl): 1.17 (0.64
~2.14) p=0.60
BSI - adjusted OR
(95%Cl): 1.85 (.54 —
635)p=0.33
Clostridium difficile
infection -
adjusted OR
(95%CI): 0.04 (< 0.01
-0.36) p= <. 001
(Shouldn’t this be
“<"2?)
Yeh et al. (2014) Single-center cohort ALLand AML 149 patients (< Protocol: ALL: Tai- Oral ciprofloxacin ALL The study demon-
study 18 years old) wan Pediatric Oral voriconazole BSI(P=0.02) strated that the
113 with ALL Oncology Group- Pri 19 i pro-
36 with AML ALL-2002 protocol Prophylaxis: 5 phylaxis was
AML: Taiwan Pediat- IFI (p < 0.01) able to reduce
ricOncology Pre-prophylaxis: 10 the rates of
Group-AML-97A Prophylaxis: 0 bloodstream
protocol FN (p < 0.01) infection, IFL, FN
Pre-prophylaxis: 50 and length of
Prophylaxis: 19 stay (LOS) in ICU
0s patients with
Pre-prophylaxis: 86% ALL It was also
+5% able to reduce
rates of blood-

Prophylaxis: 98%
2%

stream infection,

EFS FN, IF1 and infec-

Pre-p is: 78% o related
+9% deaths in chil-

Prophylaxis: 87% + dren with AML.
65% They did not

AML demonstrate cip-

BSI(p < 0.01) rofloxacin resis-

Pre-prophylaxis: 25 tance rate

Prophylaxis: 5 increase during

IFI (p < 0.01) treatment.

Pre-prophylaxis: 12

Prophylaxis: 0

N (p=0.01)

Pre-prophylaxis: 24

Prophylaxis: 14

Table 1 (continued)

Study (year) Type of study Diagnostic Patients Treatment Prophylactic Results Comments
regimens
0s
Pre-prophylaxis: 60%
+£20%
Prophylaxis: 68% +
16%
EFS
Pre-prophylaxis: 50%
+11%
Prophylaxis: 55% +
1%
Widjajanto etal Randomizeddouble-  ALL 110 Protocal: Ciprofloxacin Fever (p = 0.07): The study con-
(2013) blind study patients (0-14 years  (WK)-ALL-2000 - Placebo: cluded that cip-
old) risks =32.7% rofloxacin, when
- Prophylaxis used during che-
risks = 50% motherapy
Clinical sepsis induction, led to
(p=022) a higher nadir of
- Placebo: neutrophil count
risks = 38.5% (median of 62 us
- Prophylaxis: 270,p <0.01) and
risks = 50% increased risk of
Death (p =0.05): mortality (18.9%
- Placebo: vs. 5.8%, p = 0.05),
risks =5.8% when compared
- Prophylaxis: to placebo.
risks = 18.9%
Nadir of absolute
neutrophil count
(p=0.01)
- Placebo: 270 (range:
14 - 25,480) x 10°
cells/L
- Prophylaxis: 62
(range: 5 — 884) x
10° cells/L
Laoprasopwattana Prospective double- ALLand lymphoma 95 patients (3 Protocol: induction Ciprofloxacin Fever: The authors show
etal. (2013) blind months - 18 years or consolidation - Placebo: 17/34 (50.0) that the cipro-
randomized placebo- old) phase chemother- - Prophylaxis: 27/37 floxacino was
controlled trial 71 had ALL 24 had apy (unspecified) 73.0) able to prevent
lymphoma - Absolute difference febrile episodes
inrisk: -23.0 (~45.0 in neutropenic
to -0.9) p=0.046 children with
-ALL13/24(54.2) 24/ ALL (P=0,046).
30(80.0) -25.8 However, this
(-50.4t0 -1.3) effect was only
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Table 1 (continued)

Study (year) Type of study Diagnostic Patients Treatment Prophylactic Results Comments
regimens
p=0.042 identified in the
-Lymphoma 4/10 remission induc-

(40.0) 3/7 (42.9) —2.9 tion phase. And,

(~50.4t044.7)p < there wasan

0999 increase in the
percentage of
ciprofloxacin-
resistant Escheri-

chia coli and Kleb-
siella pneumoniae
in a control rectal

swab
Fengetal. (2013) Prospective AML 38 patients (2 - Protocol: NOPHO Vancomycin/ Frequency of fever Prophylactic anti-
16 years old) 2004 Cefepime or Pipera- (events)p <0.001 biotics during the
cillin/ Prophylaxis group: period of chemo-
Tazobactam 04401 therapy-induced
Control group: 0.9 + agranulocytosis
01 in this study
Interval between reduced the inci-
agranulocytosis dence of infec-
and fever (days) tious fever and
p=0.07 shortened the
Prophylaxis group: mean length of
64409 hospital stay."
Control group: 3.8+
04
Hospitalization
(days) p <0.001
Prophylaxis group:
215407
Control group: 28.5 +
17
Lung Infectionp <
0.001
Prophylaxis group:
80%
Control group: 39%
: ALL: (acute lymphoblasti ia); AML: (acute myeloid ia); (WK)-ALL-2000: ian Wijaya Kusuma (WK)-ALL-2000); DFCI 11-001: (Dana-Farber Cancer Institute ALL Con-
sortium Protocol 11-001); DFCI 05-001: (Dana-Farber Cancer Institute ALL Consortium Protocol 05-001); BSL: (Bloodstream infection); IFl: (invasive fungal infection); FN: (febrile neutropenia); OS: (Overall
Survival); EFS: (Event Free Survival); TOTXVI and XV: (Total Therapy Study XVI and XV); HSCT: (h ietic stem cell i ALs: (acute ias); NOPHO: (Nordic Society of Pediatric
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antibiotics, even for short periods of time. This change is called
dysbiosis and it has been shown to be related to the develop-
ment of several diseases, such as asthma, Kawasaki syndrome,
autism, inflammatory bowel disease and, most importantly,
cancer, in addition to other risk factors. For example, Rechtman
et al. observed that the microbiota diversity and composition in
carbapenem-resistant Enterobacteriaceae-colonized patients
differed from those of the healthy participants.**

Some effects of the use of FQs in the intestinal microbiota
are already known, such as reduction in the abundance of
Enterobacteriaceae, Bacillus spp., Corynebacterium spp., depletion
of some anaerobic bacteria (Bacterioides spp., Bifidobacterium
spp., Lactobacillus spp., Peptostreptococcus spp. and Veilonella
spp.) and increased abundance of Citrobacter spp., Enterobacter
and Klebsiella spp."® According to a recent review by Bossu et
al. little is known today about the microbiota interaction with
the prophylactic antibiotic and whether this aspect may actu-
ally influence the prognosis of children with AL.

Despite the few studies with FQs, some results were impor-
tant to guide further research in this class of antibiotics. Laopra-
sopwattana et al, in 2013, in a randomized study with
ciprofloxacin in 95 children, demonstrated that its use is able to
prevent febrile episodes in neutropenic children with ALL
(p =0,046). However, this effect was only identified in the remis-
sion induction phase. At other stages, and in patients with lym-
phoma, this effect was not observed. Nevertheless, there was
an increase in the percentage of ciprofloxacin-resistant Escheri-
chia coli and Klebsiella pneumoniae in a control rectal swab'®

In the following year, another study investigated the effec-
tiveness in preventing bloodstream infection and invasive fun-
gal infection (IFI) with antibiotics and antifungal agents. A
cohort study in Taiwan was conducted among 113 patients
with an initial diagnosis of ALL and AML. Prophylaxis with cip-
rofloxacin and antifungal agents were administered in the
induction periods and high-intensity chemotherapy. Combined
prophylaxis was able to reduce the rates of bloodstream infec-
tion, IFI, FN and length of stay (LOS) in ICU patients with ALL. It
was also able to reduce rates of bloodstream infection, FN, IFI
and infection-related deaths in children with AML. The study
also proved to be cost-effective and did not demonstrate cipro-
floxacin resistance rate increase during treatment."’

However, not all ciprofloxacin studies have gone in the
same direction. Earlier, a double-blind, randomized clinical
trial in Indonesia with 110 children with an initial diagnosis
of ALL concluded that ciprofloxacin, when used during che-
motherapy induction, led to a higher nadir of neutrophil
count (median of 62 vs. 270, p < 0.01) and increased risk of
mortality (18.9% vs. 5.8%, p = 0.05), when compared to a pla-
cebo. The authors highlighted the non-balanced undernutri-
tion between the placebo and the intervention groups'”

Levofloxacin and prophylaxis

It is important to note that benefits from the use of antibiotic
prophylaxis during neutropenia periods in those undergoing
chemotherapy have already been proven in adults with AL.
Prophylaxis reduces infections and infection-related mortal-
ity. For these reasons, its use in afebrile neutropenia periods
is already a well-established practice in this age group.

Among the possible antibiotics, levofloxacin is already part of
international guidelines for adults with neutropenia.*’

Among the few existing data regarding levofloxacin use in
children, a cohort study carried out in 2017 at St. Jude Child-
ren’s Research Hospital (Memphis/Tennessee) with 344
patients with newly diagnosed ALL identified that prophy-
laxis was able to significantly prevent FN and systemic infec-
tion during induction chemotherapy by > 70%. The use of
levofloxacin in these children also minimized the use of anti-
biotic treatment with cefepime/ceftazidime, vancomycin and
aminoglycosides. Unexpectedly, the prophylaxis with levo-
floxacin dramatically reduced colitis infection rates caused by
Clostridioides difficile and other enterocolitis.”” This is
extremely relevant data, as Clostridioides difficile infection (CDI)
is related to higher mortality in hospitalized children, higher
hospital costs and hospital LOS.”*

In the same year, Sulis et al. corroborated these findings,
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, is effective in
reducing gram-negative and some gram-positive bacteremia.
In addition, it was shown that levofloxacin did not lead to an
incidence increase of multiresistant germs or infection by
Clostridium difficile or fungi.””

In addition to preventing FN, levofloxacin could also be used
to prevent bacteremia in AL, an important morbidity and mor-
tality factor in these patients. In the same manner, Alexander et
al, in a randomized clinical trial with 195 children with AL and
418 children undergoing HSCT, demonstrated a protective effect
in those who used levofloxacin during the neutropenia period.
The likelihood of fever and neutropenia was lower in the levo-
floxacin prophylaxis group than in the control group in children
with AL (71.2% vs. 82.1%; 95% IC, p = 0,002), as was the risk of
bacteremia (21.9% vs. 43.4%; 95% IC, p = 0.01). However, the
same study did not demonstrate this same effect in reducing
the risk of bacteremia in children undergoing HSCT.”

Currently, the FN prevention is not the only implementa-
tion goal of antibiotic prophylaxis. It is also important to con-
sider the cost-effectiveness of its use, as an episode of FN can
have an important budgetary impact due to hospitalization in
an ICU, use of expensive antibiotics and death. In some stud-
ies, levofloxacin was effective in preventing bacterial infec-
tion with a proven cost-effectiveness in children with AML
and relapsed ALL receiving intensive chemotherapy.”***

These data supported the publication of a guideline, in July
2020, by the Infectious Diseases Society of America (IDSA) on
antibacterial prophylaxis in pediatric cancer and hematopoietic
stem cell transplantation. The recommendation is that antibiotic
prophylaxis should not be routinely used in children who are
first diagnosed with ALL in the induction phase, due to the low
body of evidence presented so far. Despite this consideration,
the group suggests the use of levofloxacin as the antibiotic of
choice for those patients who have severe neutropenia (absolute
neutrophil count [ANC] < 500/mm°) for at least 7 days.*”

Prophylactic regimens other than FQs

The most recent studies focus on FQs use in infection prophy-
laxis during neutropenic periods in pediatric cancer patients,

Please cite this article as: M.C. Dufrayer et al, Antibiotic prophylaxis in acute childhood leukemia: What is known so far?, Hematology,
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but other classes of antibiotics have been priorly
investigated.”*””  Trimethoprim-sulfamethoxazole (TMP-
SMX)-based regimens were one of the combinations tested in
trials.

The TMP-SMX has bactericidal activity against several bac-
terial strains, such as Klebsiella, Escherichia coli, Salmonella
(gram-negative bacteria), Streptococcus pyogenes, Staphylococcus
aureus and Streptococcus pneumoniae (gram-positive bacteria),
as well as Pneumocystis jiroveci and Nocardia.”

The studies that tested antibiotic prophylaxis in children
treated for acute hematologic malignancy have conflicting
results regarding the TMP-SMX efficacy. Gorin et al., between
1979 and 1982, in a double-blind trial, evaluated the efficacy
of TMP-SMX prophylaxis use among children with ALL. The
data group was able to show a lower incidence of bacterial
infections (such as otitis media, p = 0.004) and fewer episodes
requiring hospitalization in the treated group (p = 0.01), but
the difference in the number of bacteremias in the prophylac-
tic group was not statistically significant (p = 0.08). They also
demonstrated an emergency of TMP-SMX resistant gram-neg-
ative rods (p = 0.05).”” In 2010, Rungoe et al. published a retro-
spective non-randomized cohort study on children with ALL
(n = 171) to compare the rate of infections between 2 groups,
of which one received the SMX-TMP prophylaxis. They were
able to demonstrate that the prophylaxis group developed
fewer fever episodes (p < 0.002) and bacteremia (p < 0.0003),
despite not being a randomized trial.”*

The superiority of the TMP-SMX in preventing infections in
neutropenic children receiving induction ALL chemotherapy
was not demonstrated in other studies. Cruciani et al, in a
prospective randomized study, compared the oral norfloxacin
efficacy vs. oral TMP-SMX and Van Eys et al,, in another pro-
spective randomized trial, also checked the TMP-SMX pro-
phylaxis use in children with ALL. Both were unable to
demonstrate a statistically significant difference between
treatment and control groups. Similarly, Cruciani et al
observed a large selection of resistant gram-negative strains
in the TMP-SMX prophylaxis group.”” In another study, Lange
et al, although showing a decrease in the number of days
spent in the hospital in the treatment group (p < 0.001), did
not demonstrate a significant difference in the number of
infection episodes or fever of unknown origin (FUO).”

In a recent guideline meta-analysis for antibacterial pro-
phylaxis in pediatric cancer and hematopoietic stem cell
transplantation, Lehrnbecher et al. demonstrated that the
TMP-SMX prophylaxis reduced infection-related mortality
(risk ratio [RR], 0.61; 95%CI, 0.39 - 0.94) and bacteremia (RR,
0.59; 95/5CI, 0.41 - 0.85), and that cephalosporin prophylaxis
reduced bacteremia (RR, 0.30; 95%CI, 0.15 - 0.58); although
they did not differentiate data from the HSCT vs. non-HSCT
AL patients, these data are relevant to present. Even though
this evidence has been found, its use has not been recom-
mended because the studies may have bias and it has been
observed that the TMP-SMX prophylaxis can cause drug-
induced myelosuppression and select for resistant bacteria.””

Another combination of already-tested antibiotics in pro-
phylaxis was teicoplanin plus a third-generation cephalospo-
rin. In a randomized study with children treated with high-
dose chemotherapy and HSCT (n = 60), Avril et al. showed a
lower incidence of septicemia (p < 0.05), delay of the first

episode of fever (p < 0.005) and increased time gap between
the HSCT and the onset of the FUO in the prophylaxis group
(p < 0.002).”

In this context, amoxicillin/clavulanate were also tested to
prevent infection in neutropenic children. In a multicenter
randomized, double-blind placebo-controlled trial, Castag-
nola et al. tested oral amoxicillin/clavulanate to prevent
infection and/or fever in neutropenic children (n = 167). The
study was not able to demonstrate that amoxicillin/clavula-
nate prophylaxis was superior to the placebo in preventing
fever or infection.”

Conclusion

Antibiotic prophylaxis in pediatric cancer patients can be an
important tool for reducing treatment-related morbidity and
perhaps mortality, as it is in adults. However, the rarity of
these diseases in the pediatric population and the small num-
ber of publications on the subject are still an obstacle in creat-
ing guidelines. For this reason, both The ECIL Pediatric Group
and the Children’s Oncology Group do not strongly recom-
mend any systemic antibacterial prophylaxis in children with
acute leukemias.”**

Studies with the SMX-TMP and other regimens to prevent
fever during neutropenia either demonstrated risk of myelo-
suppression and induction of multidrug-resistant strains or
were ineffective. Among the possible available therapeutic
options for bacterial prophylaxis in children with cancer, the
FQs emerged with the greatest amount of evidence. Since cip-
rofloxacin, despite promising studies, does not show activity
against Streptococcus, especially from the viridans streptococci
group, levofloxacin became the best choice. Therefore, the
use of levofloxacin seems to be indicated in very specific sit-
uations: in children who are known to be neutropenic for a
long time, secondary to intensive chemotherapy; in children
with AL undergoing chemotherapy to induce remission, or; in
children undergoing HSCT. In cases where chemotherapy has
alow risk of leading to neutropenia or generates short neutro-
penia periods, the use of antibiotic prophylaxis does not
appear to be of benefit.

More studies are necessary to demonstrate the real bene-
fits of using levofloxacin and/or other antibiotics as antimi-
crobial prophylaxis. Long-term monitoring to assess the
emergence of multiresistant germs, Clostridioides difficile
infection, invasive fungal infection and impact on child
growth is required.

Conflicts of interest

The authors declare no conflicts of interest.

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Can-
cer] Clin. 2018;68(1):7-30.

Please cite this article as: M.C. Dufrayer et al,, Antibiotic prophylaxis in acute childhood leukemia: What is known so far?, Hematology,
Transfusion and Cell Therapy (2022), https://doi.org/10.1016/j htet.2022.09.1279

42



ARTICLE IN PRESS

10

HEMATOL TRANSFUS CELL THER. 2022;XxXx(xx):1-10

w

w

o

o

10.

1

2

13.

14.

1

L

16.

17.

Pui CH, Yang]JJ, Hunger SP, Pieters R, Schrappe M, Biondi A, et al.
Childhood acute lymphoblastic leukemia: progress through col-
laboration. ] Clin Oncol. 2015;33(27):2938-48. Sep 20.

Slats AM, Egeler RM, van der Does-van den Berg A, Korbijn C,
Hahlen K, Kamps WA, et al. Causes of death—other than pro-
gressive leukemia—in childhood acute lymphoblastic (ALL)
and myeloid leukemia (AML): the Dutch childhood oncology
group experience. Leukemia. 2005;19(4):537—44. Apr.

Prucker C, Attarbaschi A, Peters C, Dworzak MN, Potschger U,
Urban C, et al. Induction death and treatment-related mortality
in first remission of children with acute lymphoblastic leukemia:
a population-based analysis of the Austrian Berlin-Frankfurt-
Miinster study group. Leukemia. 2009;23(7):1264-9. Jul.

Rubnitz JE, Kaspers GJL. How I treat pediatric acute myeloid
leukemia. Blood. 2021;138(12):1009-18. Sep 23.

Klein K, van Litsenburg RRL, de Haas V, Dors N, van den Heu-
vel-Eibrink MM, Knops RRG, et al. Causes of early death and
treatment-related death in newly diagnosed pediatric acute
myeloid leukemia: recent experiences of the Dutch childhood
oncology group. Pediatr Blood Cancer. 2020;67(4):€28099.. Apr.
de Lima MC, da Silva DB, Freund APF, Dacoregio JS, Costa T,
Costa I, et al. Acute myeloid leukemia: analysis of epidemio-
logical profile and survival rate. ] Pediatr (Rio J). 2016;92(3):283-
9.Jun.

Fisher BT, Robinson PD, Lehmbecher T, Steinbach WJ, Zaoutis
TE, Phillips B, et al. Risk factors for invasive fungal disease in
pediatric cancer and hematopoietic stem cell transplantation:
a systematic review. ] Pediatr Infect Dis Soc. 2018;7(3):191-8.
Aug17.

Alexander S, Fisher BT, Gaur AH, Dvorak CC, Villa Luna D,
Dang H, et al. Effect of levofloxacin prophylaxis on bacteremia
in children with acute leukemia or undergoing hematopoietic
stem cell transplantation. JAMA. 2018;320(10):995-1004. Sep
11.

FengX, Ruan Y, He Y, Zhang Y, Wu X, Liu H, et al. Prophylactic
first-line antibiotics reduce infectious fever and shorten hos-
pital stay during chemotherapy-induced agranulocytosis in
childhood acute myeloid leukemia. Acta Haematol. 2014;132
(1):112-7.

Bossu G, Di Sario R, Argentiero A, Esposito S. Antimicrobial
prophylaxis and modifications of the gut Microbiota in chil-
dren with cancer. Antibiot Basel Switz. 2021;10(2):152.. feb 3.
Choi SH, Kim EY, Kim YJ. Systemic use of fluoroquinolone in
children. Korean J Pediatr. 2013;56(5):196-201. May.
Chalumeau M, Tonnelier S, D’Athis P, Tréluyer JM, Gendrel D,
Bréart G, et al. Fluoroquinolone safety in pediatric patients: a
prospective, multicenter, comparative cohort study in France.
Pediatrics. 2003;111(6):e714-9. JunPt 1.

Korach-Rechtman H, Hreish M, Fried C, Gerassy-Vainberg S,
Azzam ZS, Kashi Y, et al. Intestinal dysbiosis in carriers of car-
bapenem-resistant enterobacteriaceae. mSphere. 2020;5(2):
€00173.. Apr 2920.

Karol SE, Sun Y, Tang L, Pui CH, Ferrolino J, Allison KJ, et al.
Fluoroquinolone prophylaxis does not increase risk of neurop-
athy in children with acute lymphoblastic leukemia. Cancer
Med. 2020. Jul 25.

Laoprasopwattana K, Khwanna T, Suwankeeree P, Sujjanunt
T, Tunyapanit W, Chelae S. Ciprofloxacin reduces occurrence
of fever in children with acute leukemia who develop neutro-
penia during chemotherapy. Pediatr Infect Dis J. 2013;32(3):
€94-8. Mar.

Yeh TC, Liu HC, Hou JY, Chen KH, Huang TH, Chang CY, et al.
Severe infections in children with acute leukemia undergoing
intensive chemotherapy can successfully be prevented by cip-
rofloxacin, voriconazole, or micafungin prophylaxis. Cancer.
2014;120(8):1255-62. Apr 15.

18.

A9.

20.

2

22.

2!

24.

2!

26.

27.

28.

29.

30.

3

32,

2

W

o

=

Widjajanto PH, Sumadiono S, Cloos J, Purwanto I, Sutaryo S,
Veerman AJ. Randomized double blind trial of ciprofloxacin
prophylaxis during induction treatment in childhood acute
lymphoblastic leukemia in the WK-ALL protocol in Indonesia.
J Blood Med. 2013;4:1-9. Feb 1.

Gafter-Gvili A, Fraser A, Paul M, van de Wetering M, Kremer L,
Leibovici L. Antibiotic prophylaxis for bacterial infections in
afebrile neutropenic patients following chemotherapy.
Cochrane Database Syst Rev. 2005(4):CD004386. Oct 19.

Wolf ], Tang L, Flynn PM, Pui CH, Gaur AH, Sun Y, et al. Levo-
floxacin prophylaxis during induction therapy for pediatric
acute lymphoblastic leukemia. Clin Infect Dis Off Publ Infect
Dis Soc Am. 2017;65(11):1790-8. Nov 13.

Sammons JS, Localio R, Xiao R, Coffin SE, Zaoutis T. Clostrid-
ium difficle infection is associated with increased risk of
death and prolonged hospitalization in children. Clin Infect
Dis Off Publ Infect Dis Soc Am. 2013;57(1):1-8. Jul 1.

Sulis ML, Blonquist TM, Stevenson KE, Hunt SK, Kay-Green S,
Athale UH, et al. Effectiveness of antibacterial prophylaxis
during induction chemotherapy in children with acute lym-
phoblastic leukemia. Pediatr Blood Cancer. 2018;65(5):626952..
May.

Maser B, Pelland-Marcotte MC, Alexander S, Sung L, Gupta S.
Levofloxacin prophylaxis in hospitalized children with leuke-
mia: a cost-utility analysis. Pediatr Blood Cancer. 2020;67(10):
e28643.. Oct.

McCormick M, Friehling E, Kalpatthi R, Siripong N, Smith K.
Cost-effectiveness of levofloxacin prophylaxis against bacte-
rial infection in pediatric patients with acute myeloid leuke-
mia. Pediatr Blood Cancer. 2020;67(10):e28469.. Oct.
Lehmbecher T, Fisher BT, Phillips B, Alexander S, Ammann
RA, Beauchemin M, et al. Guideline for antibacterial prophy-
laxis administration in pediatric cancer and hematopoietic
stem cell transplantation. Clin Infect Dis Off Publ Infect Dis
Soc Am. 2020;71(1):226-36. Jun 24.

Cecinati V, Principi N, Brescia L, Esposito S. Antibiotic prophy-
laxis in children with cancer or who have undergone hemato-
poietic cell transplantation. Eur ]J Clin Microbiol Infect Dis.
2014;33(1):1-6. Jan.

Avril M, Hartmann O, Valteau-Couanet D, Brugieres L, Kalifa C,
Lemerle J. Antiinfective prophylaxis with ceftazidime and tei-
coplanin in children undergoing high-dose chemotherapy
and bone marrow transplantation. Pediatr Hematol Oncol.
1994;11(1):63-73. Feb.

Rungoe C, Malchau EL, Larsen LN, Schroeder H. Infections dur-
ing induction therapy for children with acute lymphoblastic
leukemia. the role of sulfamethoxazole-trimethoprim (SMX-
TMP) prophylaxis. Pediatr Blood Cancer. 2010;55(2):304-8. Aug.
Cruciani M, Concia E, Navarra A, Perversi L, Bonetti F, Arico M,
et al. Prophylactic co-trimoxazole versus norfloxacin in neu-
tropenic children—perspective randomized study. Infection.
1989;17(2):65-9. Apr.

Lange B, Halpemn S, Gale G, Kramer S. Trimethoprim-sulfa-
methoxazole and nystatin prophylaxis in children with acute
lymphoblastic leukemia. Eur Paediatr Haematol Oncol. 1984;1
(1):231-8.Jan 1.

Castagnola E, Boni L, Giacchino M, Cesaro S, De Sio L, Gara-
venta A, et al. A multicenter, randomized, double blind pla-
cebo-controlled trial of amoxicillin/clavulanate for the
prophylaxis of fever and infection in neutropenic children
with cancer. Pediatr Infect Dis J. 2003;22(4):359-65. Apr.
Lehmbecher T, Averbuch D, Castagnola E, Cesaro S, Ammann
RA, Garda-Vidal C, et al. 8th European Conference on Infec-
tions in Leukaemia: 2020 guidelines for the use of antibiotics
in paediatric patients with cancer or post-haematopoietic cell
transplantation. Lancet Oncol. 2021;22(6):e270-80. Jun.

43



7.2 ARTIGO 2

Q1

Q2

BRAZ J INFECT DIS. 2023;xxx(xx):102745

3 Sociedade
! Brasileira de

The Brazilian Journal of

INFECTIOUS DISEASES

INFECTIOUS DISEASES

www. elsevier.com/locate/bjid

Original Article

Safety of levofloxacin as an antibiotic prophylaxis in the
induction phase of children newly diagnosed with acute
lymphoblastic leukemia: an interim analysis of a
randomized, open-label trial in Brazil

Mauro Cesar Dufrayer
Yasmine Massaro Carneiro Monteiro © ¢,

@* Clarice Franco Meneses © °,

b

C

Fabianne Altruda de Moraes Costa Carlesse © %, Fabrizio Motta © ¢,

Liane Esteves Daudt

¢, Mariana Bohns Michalowski

b,c,e

2 Hospital da Crianga Santo Antonio, Porto Alegre, RS, Brazil

b Hospital de Clinicas de Porto Alegre (HCPA), Servico de Oncologia Pediatrica, Porto Alegre, RS, Brazil

€ Universidade Federal do Rio Grande do Sul (UFRGS), Departamento de Pediatria, Porto Alegre, RS, Brazil

4 Universidade Federal de Sao Paulo (UNIFESP), Instituto de Oncologia Pediatrica — GRAACC, Sao Paulo, SP, Brazil

¢ Hospital de Clinicas de Porto Alegre (HCPA), Laboratorio de Pediatria Translacional, Servico de Pesquisa Experimental,

Porto Alegre, RS, Brazil

ARTICLE INFO

ABSTRACT

Article history:

Received 9 August 2022
Accepted 5 January 2023
Available online xxx

Keywords:

Acute lymphoblastic leukemia
Pediatric

Fluoroquinolone

Induction

Prophylaxis

Levofloxacin

Febrile neutropenia

* Corresponding author.

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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five 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 Published by Elsevier Espania, S.L.U. on behalf of Sociedade Brasileira de Infectologia.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Malignant neoplasms are the leading cause of disease-related
childhood deaths and, among them, acute lymphoblastic leu-
kemias (ALLs) are the most prevalent." 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.”

Despite the positive evolution of treatment over the last
decades —with a global survival rate close to 90%" — 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.”

Bacteria can thus be perceived as one of the main causa-
tive agents of morbidity and mortality in patients with che-
motherapy-related neutropenia. In adults, significant benefits
were demonstrated with the use of antibiotic prophylaxis
during these periods, as they reduced infections and lowered
rates of infection-related mortality.” While the use of antibi-
otic prophylaxis in adult patients during periods of afebrile
neutropenia is already a well-established practice, we lack
solid evidence concerning its use in children.

Levofloxacin, 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/mm?®) for at
least seven days.”

In 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.” Similarly, Sulis et al.
verified 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.”

Considering 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.

Material and methods
Trial design, oversight, and participants

From May 2021 to June 2022, children aged one through
18 years, with newly-diagnosed ALL admitted at three pediat-
ric oncology centers in Brazil, who completed induction ther-
apy 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 docu-
mented infection prior to initiation of induction, as well as
those with fever prior to induction therapy that required pro-
longed antibiotic therapy (> 5 days) to treat infection, were
not included in the study in order to avoid confounding anti-
biotic treatment with antibiotic prophylaxis. Likewise, chil-
dren 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.

The 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.

1 ]
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Randomization

Eligible 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).

Treatment

All 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/uL after nadir; (b) start of the next cycle
of chemotherapy; (c) use of parenteral antibiotic therapy for
any reason.

Children aged 1to <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 maxi-
mum dose of 750mg 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.

Although the control group did not receive levofloxacin as
primary prophylaxis, both groups received trimethoprim-
sulfamethoxazole as primary prophylaxis for Pneumocystis
jirovecii.

All 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.

Outcomes and assessments

The 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.

C. difficile diarrhea was defined by the presence of diarrhea
and identification of C. difficile in stools by PCR or presence of
its toxins.

CPE colonization monitoring 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.

Febrile 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/uL.

Adverse 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).”

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

Statistical methods

This 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
the main cohort of the study was 196 patients for the outcome
febrile neutropenia, 98 in each group.

Qualitative variables were summarized as absolute and
relative frequencies and differences were considered signifi-
cant atp < 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 confi-
dence interval for the occurrence of adverse events was calcu-
lated using the Clopper-Pearson interval.

Results

Twenty 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).

Only 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).

Three patients had C. difficile diarrhea, two in the levofloxa-
cin group and one in the control group (p > 0.99). Only one

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

Alters the patient's usual activities, resultingin
transient disability without sequelae. Needs
intervention

Directly threatens the patient's life, causes hospi-
talization, and can cause permanent sequelae

Results in death

Moderate

Severe

Fatal
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Table 3 - Characteristics of the patients included in the analysis.

Patients, No (%)*

Characteristics No Prophylaxis (n =10) Levofloxacin (n= 10) p-Value®”
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).

# Data represent No. (%) of patients except otherwise specified.

® Fisher's exact test was used for categorical variables and the Mann—Whitney U test for quantitative variables.

Table 4 - Incidence of related adverse events.

Patients, No (%)

No Prophylaxis Levofloxacin
Outcome (n=10) (n=10) p-Value® 95%CI"
C. difficile diarrhea 1(10) 2(20) >0.99 -
Febrile 5 (50) 4(40) >0.99 =
Neutropenia
CPE colonization 0(0) 1(10) >0.99 -
AEs related to - 3(30) - 6.7 — 65.2
levofloxacin

CPE, carbapenemase-producing Enterobacteriaceae; AEs, adverse
events,

® Fisher's exact test was used.
b Clopper-Pearson Confidence Interval.

patient 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).

Nine patients presented febrile neutropeniain the study, five
in the intervention group, and four in the control group. No sig-
nificant difference between groups was observed (p > 0.99).

Discussion

In 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.

Among 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 cefepime/

ceftazidime, vancomycin, and aminoglycosides. Unexpect-
edly, prophylaxis with levofloxacin also dramatically reduced
colitis infection rates caused by Clostridioides difficile and other
enterocolitis. This is extremely relevant information since
infection with Clostridioides difficile is related to higher mortal-
ity in hospitalized children, higher hospital costs, and longer
hospital stays.”

In 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.”

The 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.

Due 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.

While 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.'* **

The 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.

The 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.
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8 CONCLUSOES

Em conclusédo, nesta analise multicéntrica preliminar, o uso de levofloxacino
mostrou-se seguro na fase de inducao em criancas recém-diagnosticadas com LLA.
Seu uso ndo aumentou a taxa de colonizagdo por CPE ou a taxa de diarreia por
Clostridioides. Apesar do surgimento de algumas reacdes adversas com Seu uso,

todas foram leves, remitiram espontaneamente ou apos troca para a via intravenosa.
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9 CONSIDERACOES FINAIS

Os resultados deste estudo vao permitir a expansdo do projeto inicial para
atingir um maior nimero de pacientes assegurando a seguranca deles. A profilaxia
antimicrobiana com levofloxacino ja estd bem sedimentada em adultos com LLA em
primeiro diagnostico, porém os dados sdo escassos na faixa etaria pediatrica. Este é
0 primeiro ensaio clinico randomizado em criangas que objetiva avaliar desfechos
infecciosos com o0 uso de levofloxacino nas fases de tratamento de maior risco
infeccioso. Esperamos, com a continuidade do presente estudo, avaliar se o0 uso de
antibioticoprofilaxia neste grupo de pacientes confirmara os resultados atuais de
toxicidade e se ira contribuir para a reducdo da morbimortalidade relacionada ao
tratamento destas criancas. A partir deste estudo pretende-se, futuramente, estudar
também as alteracdes da flora bacteriana destes pacientes e aumentar os centros

participantes.



