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RESUMO

Neutropenia febril (NF) constitui complica¢do frequente do tratamento quimioterapico do
cancer e estd associada a altas taxas de morbimortalidade. O reconhecimento dos principais fatores
associados ao desenvolvimento de desfechos clinicos desfavoraveis na NF ¢ fundamental, uma vez que
estes podem ser utilizados como marcadores progndsticos ou alvos terapéuticos.

Este estudo objetiva determinar os principais fatores associados com mortalidade, tempo de
hospitalizagao, incidéncia de bacteremia por patégenos multirresistentes e incidéncia de choque séptico
no inicio da febre em pacientes hospitalizados com NF secundaria a quimioterapia citotoxica para o
cancer.

Na presente coorte prospectiva composta por 305 episddios consecutivos de NF (em 169
pacientes com cancer) realizada em um hospital tercidrio no periodo de outubro de 2009 a agosto de
2011, as seguintes questdes de pesquisa foram avaliadas: impacto do tempo de inicio da
antibioticoterapia na mortalidade em 28 dias; fatores relacionados com tempo de hospitalizacdo;
impacto dos fatores microbiologicos da bacteremia no desenvolvimento de choque séptico no inicio do
episddio de NF; fatores de risco para bacteremia por patdogenos multirresistentes; impacto da
bacteremia por Staphylococcus coagulase-negativo na mortalidade em 28 dias.

Em 5 publicagdes distintas, os seguintes resultados foram notados: o atraso do inicio da
antibioticoterapia estd associado a maiores taxas de mortalidade em 28 dias; neoplasia hematologica,
regimes quimioterdpicos de altas doses, duragdo da neutropenia e bacteremia por Gram-negativos
multirresistentes estdo associados com periodos prolongados de internagdo por NF; infec¢do de
corrente sanguinea polimicrobiana, bacteremia por Escherichia coli e bacteremia por Streptococcus
viridans estdo associados a choque séptico no inicio do episédio de NF; idade avancada, duragdo da
neutropenia e presenga de cateter venoso central estdo associados com bacteremia por patdgenos
multirresistentes; bacteremia por Staphylococcus coagulase-negativo esta associada a menores taxas de

mortalidade em 28 dias quando comparado a bacteremia por outros patégenos.

Palavras-Chave: Neutropenia febril; Desfechos clinicos; Fatores de risco; Mortalidade; Tempo de
hospitalizagdo; Choque séptico; Resisténcia antimicrobiana, Tempo de inicio do tratamento;

Bacteremia.



ABSTRACT

Febrile neutropenia (FN) is a common complication of cancer chemotherapy and is associated
with high morbidity and mortality rates. Recognition of the main factors associated with the
development of adverse clinical outcomes in FN is crucial, given that these factors can be used as
prognostic markers or therapeutic targets.

This study aims to determine the main factors associated with mortality, length of hospital
stay, incidence of bacteremia by multidrug-resistant pathogens and incidence of septic shock at the
onset of fever in hospitalized patients with FN secondary to cancer cytotoxic chemotherapy.

In the present prospective cohort of 305 FN episodes (in 169 cancer patients) conducted at a
tertiary hospital from October 2009 to August 2011, the following research questions were evaluated:
impact of time to antibiotic administration on 28-day mortality; factors associated with length of
hospital stay; impact of microbiological factors of bacteremia on the development of septic shock at the
onset of FN; risk factors for bacteremia by multidrug-resistant pathogens; impact of coagulase-
negative Staphylococcus bacteremia on 28-day mortality.

In 5 distinct publications, the following results were noted: delay of antibiotic administration
is associated with higher 28-day mortality rates; hematologic malignancy, high-dose chemotherapy
regimens, duration of neutropenia and bacteremia by multidrug-resistant Gram-negative bacteria are
associated with prolonged length of hospital stay; polymicrobial bloodstream infection, bacteremia by
Escherichia coli, and bacteremia by viridans sreptococci are associated with septic shock at the onset
of FN; advanced age, duration of neutropenia and presence of indwelling central venous catheters are
associated with bacteremia by multidrug-resistant pathogens; coagulase-negative Staphylococcus
bacteremia is associated with lower 28-day mortality rates compared with bacteremia by other

pathogens.

Keywords: Febrile neutropenia; Patient outcome assessment; Risk factors; Mortality; Length of stay;

Shock, septic; Drug resistance, bacterial; Time-to-treatment; Bacteremia.
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1. INTRODUCAOQO

Apesar dos avancos no tratamento de suporte do cancer ocorridos nas ultimas décadas,
infeccdes em pacientes com neutropenia secunddria a quimioterapia citotdxica continuam a se
correlacionar com elevadas taxas morbimortalidade e com elevados custos assistenciais [1,2]. O curso
clinico imprevisivel das infec¢des em pacientes neutropénicos, devido a sutileza ou, até mesmo, a
auséncia de sinais e sintomas de infec¢do - pela atenuagdo da resposta inflamatdria - torna o manejo da
neutropenia febril (NF) um verdadeiro desafio, pois pacientes clinicamente estaveis podem,
subitamente, progredir para quadros de sepse grave ou choque séptico [3]. Estas complicagdes em
muito contribuem para as altas taxas de mortalidade por episddio, as quais podem atingir valores tao
altos quanto 10% em centros especializados [4,5].

Além disso, o tratamento da NF pode ter um impacto negativo nos custos e na utiliza¢do de
recursos do sistema de saide uma vez que procedimentos diagnosticos e terapéuticos na NF sdo
comumente acompanhados de altos gastos. Por exemplo, estima-se que o custo médio por
hospitalizagdo em decorréncia da NF alcance a faixa de U$ 24.000,00, com um excesso de custo
atribuivel de cerca de U$ 12.000,00 [1,6].

O aumento da incidéncia de neoplasias associado ao uso cada vez mais frequente de esquemas
quimioterapicos citotoxicos e a crescente complexidade dos pacientes oncoldgicos (estes
progressivamente com idades mais avancadas e com mais comorbidades) contribuem para o aumento
da incidéncia de NF na medicina atual, tornando a NF complicagdo comum do tratamento atual do
cancer [7,8].

Esta associag@o preocupante entre alta incidéncia, alta morbimortalidade e alto custo torna a
investigag¢do de fatores de rico para o desenvolvimento de desfechos clinicos desfavoraveis na NF de
suma importancia para o ramo da medicina que aborda o tratamento de suporte aos pacientes com
cancer. Entre os desfechos clinicos relevantes na NF, pode-se citar: mortalidade em 28 dias, tempo
prolongado de hospitalizagdo, incidéncia de choque séptico e incidéncia de infec¢do por patdogenos
multirresistentes [5,9-11]. A investigacdo continuada dos fatores de risco para a ocorréncia destes
desfechos desfavoraveis pode constituir um grande passo para a redugdo das complicagdes associadas a
NF, uma vez que estes fatores de risco podem ser utilizados como marcadores prognosticos ou

possiveis alvos terapéuticos.
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2. REVISAO DA LITERATURA EM NEUTROPENIA FEBRIL

2.1. Definicao

NF ¢ definida pela presenca de febre (temperatura oral unica > 38,3°C ou temperatura oral >
38,0°C por um periodo maior do que 1 hora) em vigéncia de neutropenia (contagem de neutrdfilos <
500 células por microlitro ou < 1000 células por microlitro com perspectiva de queda a valores < 500

células por microlitro em 48 hs) [12].

2.2. Fisiopatogenia

Neutrofilos sdo células brancas granulociticas responséaveis pela resposta imune imediata do
organismo a infec¢des bacterianas e fungicas. Eles correspondem a aproximadamente 60% dos
leucdcitos circulantes e sua producdo costuma ocorrer na medula dssea durante um periodo de 10 a 14
dias. Uma vez liberados na circulagdo sanguinea, costumam sobreviver por apenas 4 a 8 horas até
encontrarem um alvo para fagocitar e destruir. Os neutrdfilos da corrente sanguinea sdo direcionados
ao patogeno infectante através de sinalizagcdo de antigenos liberados pelo proprio microorganismo —
processo denominado de quiomiotaxia. Através da marginacdo, os neutrofilos aderem a superficie de
células endoteliais e pelo mecanismo de diapedese passam do espaco intravascular para o sitio de
infec¢do. Apds a localizagdo do infectante, o neutréfilo invagina-se de modo a englobar o patéogeno —
processo chamado de fagocitose. O complexo vaculolar contendo o microorganismo fagocitado
(fagossoma) ¢ entdo fusionado ao lisossoma, formando o fagolisossoma que, através da agdo
enzimatica, destroi o patdégeno fagocitado [13].

Neutropenia ¢ complicacdo frequente do tratamento quimioterapico do céncer. A incidéncia
varia de 10 a 50% para pacientes com neoplasia s6lida e pode acometer at¢ 80% dos individuos com
neoplasia hematologica [14,15]. A quimioterapia, através de acdo citotoxica direta, suprime a
habilidade da medula 6ssea em manter uma adequada producdo de neutréfilos [16] e, também, reduz a
atividade fagocitaria dos neutro6filos circulantes [17]. Tanto a severidade quanto o risco de infec¢do sdao
inversamente proporcionais a quantidade de neutréfilos no sangue periférico (figura 1) [16]. Pacientes
com contagens de neutr6filos < 500 células/mm?® possuem uma chance maior de infeccdo quando
comparados com individuos com contagens ao redor de 1000 células/mm?, por exemplo. O tempo de

neutropenia ¢ igualmente determinante no risco de infecgdo; pacientes com neutropenia prolongada
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(exemplo, > 7 dias) apresentam risco adicional de infec¢do. No entanto, ndo ¢ apenas pela inducdo de
neutropenia que o paciente sob tratamento oncologico tem risco aumentado para infecgdes; a
quimioterapia também provoca quebra da barreira mucosa do trato gastrointestinal, facilitando a
translocagdo de patdégenos para o sangue. Além disso, a propria imunossupressao induzida pelo cancer
e a frequente necessidade de implante de cateteres venosos para realizagcdo do tratamento, o que acaba
por criar uma “porta de entrada” para germes colonizadores da pele, sdo fatores que potencializam o

risco de infec¢do no paciente em quimioterapia [18].

Figura 1. Severidade da Neutropenia e Risco de Infeccio

L.

<100 101-500 501-1,000 > 1,000
Number of Circulating Neutrophils (mm?)

e = S &' S =N o ) |
= o o o o

Infectious Episodes (%)

Fonte: Quantitative Relationships Between Circulating Leukocytes and Infection in Patients with acute

Leukemia. Bodey, et al. Annals of Internal Medicine 1966; 64: 330.

2.3. Aspectos Microbiolégicos

Infeccao clinicamente documentada costuma ocorrer em 20 a 30% dos individuos com NF. Os
sitios mais comuns de infec¢do sdo trato gastrointestinal, o aparelho respiratorio e a pele. Bacteremia
ocorre em 10 a 25% dos pacientes, sendo esta mais frequente em um contexto de neutropenia

prolongada (> 7 dias) e profunda (contagem de neutréfilos < 100 células/mm?) [19].
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No decorrer dos ultimos 40 anos, flutuacdo na epidemiologia das bactérias isoladas de
hemoculturas de neutropénicos febris tem ocorrido. Logo ap6s o desenvolvimento da quimioterapia
citotoxica, durante as décadas de 1960 e 1970, houve predominio de bactérias Gram-negativas. Apos,
com o uso disseminado de dispositivos intravenosos nas décadas de 1980 e 1990, houve mudanca do
perfil microbiolégico dos germes isolados de hemoculturas de pacientes com NF, passando a
preponderar os Gram-positivos. Atualmente, em decorréncia da emergéncia de bactérias Gram-
negativas multirresistentes, hd uma tendéncia de retorno do predominio de infeccdo por Gram-
negativos em determinados centros. Por outro lado, estudos recentes, nos quais houve uso de profilaxia
antibacteriana por grande parte dos pacientes, tém evidenciado uma soberania de infec¢do por bactérias
Gram-positivas (tabela 1) [20-24].

Na maioria dos hospitais onde ocorre o manejo de pacientes neutropénicos febris, o germe
mais amitde isolado em hemoculturas é o Staphylococcus coagulase-negativo, seguido por bactérias
da familia Enterobacteriaceae (Escherichia coli, Klebsiella spp, Enterobacter spp, entre outras),
bactérias gram-negativas ndo-fermentadoras (Pseudomonas spp, Acinetobacter spp, Stenotrophomonas
spp) e outras bactérias gram-positivas (Streptococcus spp, Enterococcus spp e Staphylococcus aureus)
[12,20]. Entre as bactérias mutirresistentes, Enterobacteriaceae produturas de B-lactamases de espectro
estendido (ESBL), Gram-negativos produtores de carbapenemases, Staphylococcus aureus resistentes a
meticilina e Enterococcus spp resistente a vancomicina sdo mais comumente isolados [21-24]. Fungos
sdo raramente responsaveis por infec¢do no inicio do curso da neutropenia febril. Eles costumam ser
encontrados apds a primeira semana de neutropenia e de uso de antibioticoterapia empirica. Entre os

fungos, a Candida spp e o Aspergillus spp sdo os mais corriqueiros [12,15, 25].

Tabela 1. Microorganismos Isolados de Pacientes com Neutropenia Febril de Alto Risco e a
Influéncia da Profilaxia Antibacteriana no Perfil dos Patogenos Isolados. Fonte: Changes in the
Etiology of Bacteraemia in Febrile Neutropenic Patients and the Susceptibilities of the Currently

Isolated Pathogens. Ramphal R. Clinical infectious diseases, 2004; 39: S25-31.

Fator ou patégeno Winston et al  Feld etal  Del Favero et al. Cordonnier et al.
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Profilaxia (%) 0 40 90 100
Bactérias Gram-positivas 127 (44.4) 41 (44.1) 166 (66.1) 112 (67.1)
Staphylococcus coagulase negative 44 (15.4) 11 (11.8) 110 (43.8) 52 (31.1)
Staphylococcus aureus 14 (4.9) 2(2.2) 14 (5.6) 14 (8.4)
Streptococcus spp 41 (14.3) 26 (28.0) 31(12.4) 34 (20.4)
Enterococcus spp 14 (4.9) 1(1.1) 5(2.0) 6 (3.6)
Outros 14 (4.9) 1(1.1) 6(2.4) 6(3.6)
Bactérias Gram-negativas 159 (55.6) 52 (55.9) 85 (33.9) 55(32.9)
Escherichia coli 63 (22.0) 20 (21.5) 41 (16.3) 30 (18.0)
Klebsiella spp 39 (13.6) 13 (14.0) 4 (1.6)

Pseudomonas spp 5(L.7) 6 (6.5) 24 (9.6) 13 (7.8)
Outros 52 (18.2) 13 (14.0) 16 (6.4) 12(7.2)
Total 286 93 251 167

Nota: dados expressos em nimero (%).

2.4. Quadro Clinico

A Febre pode ser o tinico sintoma de infecgdo grave nos pacientes neutropénicos. A falta de

células mediadoras da resposta imune imediata faz com que os sinais e sintomas inflamatdrios sejam
muito sutis e, as vezes, ausentes [3,5]. Por exemplo, pacientes com pneumonia bilateral podem
apresentar-se apenas com discreta tosse seca e raio-X de térax normal; individuos com pielonefrite
podem ndo apresentar piliria no exame comum de urina; faringites costumam nao cursar com secre¢ao
purulenta na orofaringe, infec¢des cutaneas podem se manifestar apenas com discreta hiperemia na
pele.

Infec¢des que em individuos imunocompetentes costumam ser bem localizadas e, as vezes,
autolimitadas, nos pacientes com NF podem rapidamente se disseminar e provocar quadro de sepse
grave ou choque séptico. Esta combinacdo de dificuldade diagndstica associada a radpida progressdo de
infecgdes devido a reducdo da intensidade da resposta inflamatoria, torna o paciente com neutropenia
febril um doente potencialmente grave que, apesar de oligossintomatico, necessita de avaliagdo médica

imediata [3,5,12,25].
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2.5. Estratificacao de Risco

A estratificagdo de risco do paciente com neutropenia febril é fundamental na decisdo se o
paciente recebera tratamento hospitalizado ou ambulatorialmente, por via oral ou intravenosa [12,25].
Classicamente, os fatores relacionados a baixa probabilidade de complica¢des clinicas durante o
episodio de NF incluem neoplasia solida, regime de quimioterapia ambulatorial, expectativa de duragao
da neutropenia < 7 dias, estabilidade hemodindmica, Raio-X de Toérax normal, auséncia de
anormalidades laboratoriais de provas de funcdo renal e hepatica, auséncia de sinais de
comprometimento do sistema nervoso central, neoplasia em remissdo e evidéncia de recuperacao
medular precoce [12,25].

O escore Multinational Association for Supportive Care in Cancer (MASCC) ¢ o sistema de
estratificacdo de risco em NF mais utilizado atualmente que visa, principalmente, a identificacdo de
pacientes de baixo risco elegiveis para o tratamento ambulatorial [26]. O MASCC consiste em um
escore de facil aplicagdo que leva em consideragdo idade, status clinico na apresentagdo do episodio,
procedéncia, presenca de comorbidades e a doenca de base do paciente (tabela 2). Individuos com
escore > 21 sdo classificados como de baixo risco. O ponto de corte de 21, proposto pelos autores,
apresenta valor preditivo para baixo risco de 94% e sensibilidade de 80%. A mortalidade de acordo
com o escore MASCC varia desde 3% para pacientes com escore > 21 até 36% para pacientes com
pontuacdo < 15 (5).

Adultos com NF classificados como baixo risco podem ser tratados com antibioticos orais,
desde que manifestem como Unico sintoma a febre, ndo apresentem sinais de comprometimento
sistémico (hipotensdo e calafrios, por exemplo), tenham uma previsdo de recuperagcdo das contagens
dos neutréfilos em < 7 dias e ndo apresentem fatores que possam prejudicar a absorcdo do
antimicrobiano (diarreia e vomitos, por exemplo) (figura 2) [12,25]. Alguns pacientes classificados
como baixo risco podem ser tratados ambulatorialmente, desde que tenham fécil acesso a cuidados
médicos. Outra estratégia possivel inclui breve interna¢do com uso de antimicrobianos intravenosos e
exclusdo de infecgdes graves antes da alta com plano de uso de antibidtico oral em seguida [12].
Pacientes de alto risco ou de baixo risco que ndo preenchem critérios para tratamento oral, devem ser

hospitalizados para tratamento com antibioticoterapia intravenosa de amplo espectro [12,25].
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Tabela 2. Escore MASCC. Fonte: Association for Supportive Care in Cancer Risk Index: a
Multinational Scoring System for Identifying Low-Risk Febrile Neutropenic Cancer. Klastersky J. et

al. Journal of Clinical Oncology 2000; 18: 3038-51.

Caracteristica Pontuacio
Sintomas

- Leves ou ausentes 5

- Moderados 3
Auséncia de Hipotensao 5
Auséncia de Doencga pulmonar Obstrutiva Cronica 4
Tumor Sélido ou Auséncia de Infec¢do Fungica Prévia 4
Paciente ambulatorial (febre < 48hs de internacao) 3
Auséncia de desidratagdo 3
Idade < 60 anos 2

Nota: > 21 pontos = baixo risco; < 21 pontos = alto risco.

Figura 2. Algoritmo de Decisio do Local de Tratamento e da Via de Administracio dos

Antimicrobianos em Neutropenia Febril.

Neutropenia Febril

v

Escore MASCC

o~

Alto Risco Baixo Risco
Internagao Hospitalar e Internagao Hospitalar para
Tratamento com tratamento com
antibioticoterapia antibioticoterapia oral
intravenosa de amplo (tratamento ambulatorial em
espectro determinados casos)

Fonte: Management of Febrile Neutropenia: ESMO Clinical Practice Guideline. De Naurois, et al.

Annals of Oncology 2010; 21(5): v252-6.
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2.6. Tratamento

2.6.1. Antibioticoterapia Inicial

O principal objetivo da terapia antimicrobiana empirica inicial é reducdo de morbimortalidade
por infecgdes bacterianas até que os resultados das culturas estejam disponiveis para guiar o tratamento
[12,25]. Em pacientes de baixo risco selecionados, o uso da associagdo de amoxicilina/clavulanato com
ciprofloxacino por via oral € segura [27-29]. Outros esquemas utilizados, mas menos estudados nesta
situacdo, sdo levofloxacino em monoterapia e a combinagao de ciprofloxacino com clindamicina [12].

Para pacientes de alto risco, ou de baixo risco que ndo preenchem critérios para tratamento por
via oral, é recomendado o tratamento intravenoso com antibiotico B-lactdmico de amplo espectro com
atividade antipseudomonas em monoterapia (figura 3) [12,25]. A comparagcdo de monoterapia com
terapia combinada em pacientes com NF ndo complicada ndo evidenciou diferenca em mortalidade
entre os dois grupos de tratamento, apenas maior taxa de reacdes adversas no grupo da terapia
combinada [30]. Esquemas eficazes incluem ceftazidime, cefepime, piperacilina/tazobactam, imipenem
ou meropenem [12,25,31]. No entanto, cautela necessita ser tomada em relagdo a ceftazidime, por
apresentar diminui¢do de eficdcia contra bactérias Gram-negativas (principalmente as produtoras
ESBL) e Gram-positivas em determinados centros [32]. Uma metanélise questionou a seguranga do uso
de cefepime na neutropenia febril ao encontrar maior mortalidade no grupo tratado com a cefalosporina
de 4° geragao [33]; contudo, os dados ndo foram reprodutiveis por metanalise publicada posteriormente
pelo Food and Drug Administration [34], a qual evidenciou taxas de mortalidade em 30 dias
estatisticamente semelhantes entre o grupo tratado com cefepime (7,8%) e o grupo tratado com outros
antimicrobianos (6,8%).

A associacdo de uma segunda classe de antimicrobianos ao esquema inicial ¢ indicada em
situagdes especiais. Estudos randomizados que avaliaram a vancomicina como parte da terapia
antimicrobiana empirica inicial, ndo encontraram menores taxas de mortalidade nos pacientes tratados
com esta terapia [35]; contudo, em determinadas situagdes, a adi¢do de vancomicina faz-se necesséria:
presenga de hipotensdo, infeccdo de pele ou partes moles, infecgdes associadas a cateteres venosos,
pneumonia, mucosite severa [12,25,31]. O acréscimo de metronidazol ao esquema inicial ¢ indicado
em casos de ocorréncia de sintomas gastrointestinais (diarreia, dor abdominal, dor perianal) devido a

possibilidade de infec¢do por Clostridium difficile [12,25,31]. A adicao de tigeciclina ao esquema com

21



betalactamico antipseudomonas pode ser alternativa em centros com alta prevaléncia de infecgdes por
Gram-negativos multirresistentes. No ensaio clinico randomizado de Bucaneve e colaboradores, por
exemplo, maiores taxas de sucesso de tratamento foram demonstradas com a combinagdo piperacilina-
tazobactam mais tigeciclina comparado ao grupo tratado apenas com piperacilina-tazobactam, sem
diferenca de mortalidade entre os dois grupos [36].

A cobertura antimicrobiana empirica inicial de patdégenos multirresistentes pode se fazer
necessaria em pacientes previamente colonizados ou infectados por patdgenos multirresistentes ou em
instituicdes com alta prevaléncia de infec¢des por bactérias multirresistentes [12,31]. Os seguintes
antimicrobianos podem ser utilizados na suspeita de infeccdo por patdgenos multirresistentes
especificos: vancomicina, linezolida ou daptomicina para Staphylococcus aureus resistente a
meticilina; linezolida, daptomicina ou quinupristin-dalfopristin para Enterococcus spp resistente a
vancomicina; imipenem ou meropenem para bacilos Gram-negativos produtores de ESBL; polimixina

B ou tigeciclina para bacilos Gram-negativos produtores de carbapenemases.

2.6.2. Tempo de Inicio da Antibioticoterapia

O tempo ideal de inicio da antibioticoterapia eficaz nos pacientes com NF ndo ¢ conhecido.
Em pacientes criticamente enfermos com sepse grave ou choque séptico, o tempo de inicio da
antibioticoterapia empirica inicial ¢ uma variavel que possui impacto em mortalidade; quanto menor o
tempo entre o inicio dos sintomas de infec¢cdo e a administragdo da antibioticoterapia eficaz, menor a
taxa de mortalidade [37,38]. Com base nestes resultados, diretrizes atuais para o manejo de sepse
grave/choque séptico e NF recomendam a administragdo de antibioticoterapia empirica dentro da

primeira hora ap6s identifica¢do dos sintomas [12,39].

2.6.3. Duracio do Tratamento

O tempo de duragdo da terapia com antimicrobianos ¢ definido pelo organismo causador € o
sitio de infec¢do. A maioria das infecgcdes de corrente sanguinea, pneumonias e infec¢des de partes
moles necessitam de 10 a 14 dias de tratamento. Recomenda-se que os antibidticos sejam mantidos
pelo menos até que haja sinais de recuperagdo medular (neutréfilos > 500 células/mm?®) e o paciente
esteja afebril por no minimo 24hs a 48hs [12,25]. O mesmo vale para pacientes com febre sem

isolamento de patéogeno em cultura. Nos episddios de neutropenia prolongada, nos quais houve
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resolucdo dos sinais e sintomas de infecg¢do apos ciclo completo de antibioticoterapia e nenhum

patogeno foi isolado em cultura, alguns autores recomendam o uso de profilaxia com fluoroquinolonas

até que ocorra recuperacao medular; todavia, esta conduta carece de evidéncias de efetividade [12].

Figura 3. Manejo Inicial da Neutropenia Febril.

Neutropenia Febril

v

Baixo Risco

Tempo previsto de neutropenia < 7 dias;
auséncia de comorbidades clinicas;
paciente clinicamente estavel.

v

Alto Risco

Tempo previsto de neutropenia > 7 dias; ou
presenga de comorbidades clinicas; ou

paciente clinicamente instavel.

|

v

v

Tratamento Ambulatorial

Paciente sem contra-indicagdes ao
tratamento oral;
facilidade de acesso ao hospital;
decisdo médica e do paciente

Hospitalizacio e tratamento
Intravenoso

Infec¢do documentada que requer
tratamento intravenoso;
intolerancia gastrointestinal;
decis@o médica e do paciente.

l

Ciprofloxacino +
Amoxicilina/Clavulanato via oral

v

Observar de 4 a 24hs
hospitalizado para

assegurar a tolerabilidade

e estabilidade clinica antes
da alta para tratamento

l

Paciente respondedor a

do esquema antimicrobiano <+

terapia Inicial e com
critérios para
tratamento ambulatorial

!

Hospitalizacio e Tratamento
Intravenoso

- Piperacilina/tazobactam ou
- Imipenem ou Meropenem ou
- Ceftazidima ou

- Cefepime

A

microbiolégicos.

hemodinamica;

Ajustar antimicrobianos baseado em aspectos clinicos, radiolégicos ou

- Adic¢2io de vancomicina em caso de infec¢iio de partes moles, infec¢ciio
relacionada a cateteres venosos, pneumonia ou instabilidade

- Adicio de metronidazol na presenca de sintomas abdominais ou
suspeita de infec¢io por C. difficile.

Fonte: Clinical Practice Guideline for The Use of Antimicrobial Agents in Neutropenic Patients with

cancer: 2010 Update by the Infectious Diseases Society of America. Freifeld AG, et al. Clinical

infectious Diseases 2011; 52(4): e56-e93.
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2.6.4. Mudancas no Tratamento Inicial

Modifica¢des no esquema antibacteriano inicial devem ser orientadas pelos achados clinicos e
microbiolégicos. O paciente com febre persistente a despeito da terapia inicial sem outros
comemorativos clinicos e que encontra-se estavel, raramente necessita de troca do esquema
antibacteriano inicialmente instituido [4,25,31,36]. A conduta mais adequada para este caso ¢ aguardar
o resultado das culturas, investigar possiveis sitios de infec¢do e ajustar a terapia antimicrobiana de
acordo com os achados microbioldgicos. Pacientes de baixo risco que vinham em regime de tratamento
ambulatorial, na presenca de febre persistente, devem ser imediatamente hospitalizados e tratados
como pacientes de alto risco com antibioticoterapia intravenosa [12,25,31]. Individuos que evoluem
com instabilidade hemodinadmica ou insuficiéncia respiratéria durante os primeiros dias da terapia
inicial, devem ter o espectro do esquema antimicrobiano ampliado de modo a cobrir bactérias
resistentes Gram-negativas, Gram-positivas, anaerébios e fungos [12,25,31]. Este objetivo pode ser
atingido, por exemplo, trocando-se uma cefalosporina prescrita inicialmente por carbapenémico e
associando-se vancomicina e equinocandina.

Terapia empirica com antifiungico de classe diferente daquele usado como profilaxia deve ser
considerada no paciente de alto risco que permanece febril apés 4 a 7 dias de antibioticoterapia
empirica, especialmente se o tempo de neutropenia previsto ¢ prolongado [12,25,31]. Nao existem
evidéncias de diferenca de eficdcia entre a maioria dos antifungicos sist€émicos disponiveis
(anfotericina B deoxicolato, preparagdes lipidicas de anfotericina B, voriconazol ou echinocandinas) no
contexto de NF. O que parece diferenciar as opg¢des ¢ a maior nefrotoxicidade, evidenciada em alguns
estudos, da anfotericina B convencional em relagdo as outras alternativas que sdo financeiramente mais
onerosas [40]. Costuma-se utilizar anfotericina B ou voriconazol para pacientes com neutropenia
profunda e prolongada com infiltrados ou nédulos pulmonares, pela maior chance de infecg¢do por
Aspergillus spp neste contexo [12]. O uso de equinocandina (micafungina, anidulafungina ou
caspofungina) costuma ser preferido em casos nos quais os pacientes ndo vinham em uso de profilaxia
antifungica, pois neste cendrio, costumam predominar as infec¢des invasivas por Candida spp [12,25].
Outra abordagem aceitavel e cada vez mais empregada, nos casos clinicamente estaveis, ¢ o tratamento
antifingico preemptivo, no qual associa-se antifingico apenas naqueles pacientes com evidéncia

adicional de infec¢do fingica invasiva (achados radioldgicos compativeis, niveis séricos do antigeno
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galactomannana elevados, evidéncia microbioldgica) [12,41]. Esta estratégia tem se associado a

reducdo da utilizagdo desnecessaria antifungicos [12].

2.7. Profilaxias

2.7.1. Profilaxia Antifingica

Profilaxia antifingica ¢ indicada para aqueles pacientes de alto risco que apresentam chance
aumentada de candidiase invasiva, especialmente pacientes em transplante alogénico de medula dssea
ou submetidos a quimioterapia intensiva de inducdo ou resgate para leucemia aguda [42]. O agente
mais comumente utilizado ¢ o fluconazol; contudo, itraconazol, voriconazol, posaconazol, micafungina
e caspofungina sdo alternativas aceitdveis. A profilaxia antifingica de rotina ndo ¢ indicada para os

pacientes de baixo risco [12].

2.7.2. Profilaxia Antiviral

Profilaxia para infeccdo por virus herpes simples (HSV) deve ser realizada em individuos
soropositivos para HSV que serdo submetidos a transplante alogénico de medula d6ssea ou que serdo
submetidos a terapia de inducdo para leucemia aguda [43]. A vacinagdo anual para influenza ¢ indicada
para todos os pacientes com cancer [12]. O melhor momento ¢ motivo de discussdao, mas a vacinagdo
entre os ciclos de tratamento — idealmente > 7 dias apds término da quimioterapia e > 2 semanas antes

do inicio do proximo ciclo ¢ plausivel.

2.7.3. Profilaxia Antibacteriana

Estudos demonstraram menores taxas de bacteremia e menores taxas de mortalidade para
pacientes neutropénicos afebris de alto risco, nos quais se esperava tempo prolongado de neutropenia,
submetidos a profilaxia com fluoroquinolona [44,45,46]. No entanto, a longo prazo, tal estratégia pode
ter um impacto negativo na flora microbioldgica institucional, uma vez em que a aplicagdo rotineira

desta estratégia pode estar associada ao aumento das taxas de resisténcia antimicrobiana [47-48].

2.7.4 Profilaxia com Fatores de Crescimento Hematopoiéticos
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O uso profilatico de fatores estimuladores de colonia granulocitica (exemplo, filgrastina) ¢
indicado apenas naqueles pacientes em quimioterapia em que se espera uma incidéncia de NF > 20%.
O uso de fatores de crescimento hematopoiéticos durante episodio de NF ndo obteve impacto em

reducdo de mortalidade em estudos randomizados [49].

2.8. Desfechos Clinicos em Neutropenia Febril

Desfechos clinicos em NF sdo eventos considerados importantes no transcorrer da sindrome
que interferem no tempo ou qualidade de vida do paciente (morte, tempo de hospitalizacdo e
incapacidade funcional, por exemplo) [50]. Estes costumam ser utilizados como medidas objetivas, em
estudos observacionais e de intervencdo, na avaliagdo de marcadores prognosticos e da eficacia de
intervencdes em cuidados de satude [51]. Quanto mais objetivo for o desfecho clinico (hard endpoint),
menor sera a sua susceptibilidade a viés de afericdo. Por exemplo, mortalidade em 28 dias configura
um desfecho menos susceptivel a viés de aferigdo quando comparado a resolu¢do do processo
infeccioso, pois a defini¢do do segundo pode incluir aspectos subjetivos com grande variabilidade
interobservadores [52]. Desfecho intermediario (surrogate endpoint) configura medida biologica que
guarda relacdo causal com o desfecho clinico [50,51]. Por exemplo, a queda dos niveis séricos de
procalcitonina no decorrer do curso da NF pode ser utilizada como desfecho intermedidrio da resolugdo
do processo infeccioso (este um desfecho clinico). A avaliagdo de desfechos intermediarios é menos
onerosa em relagdo a avaliacdo de desfechos clinicos; contudo a forga do estabelecimento de uma
relacdo causa-efeito ¢ maior nos estudos que utilizam desfechos clinicos [50-52].

Entre os desfechos clinicos mais relevantes em NF pode-se citar morte, incidéncia de choque
séptico, resposta ao tratamento antimicrobiano, tempo de hospitaliza¢do e incidéncia de infec¢ao por

patdgenos multirresistentes.

2.8.1 Mortalidade

A taxa de mortalidade do episddio de NF habitualmente gira em torno de 10% para pacientes
hospitalizados [4,15]. Esta taxa de mortalidade pode variar de acordo com a presenga de outros
determinantes de sobrevida. Por exemplo, em pacientes neutropénicos admitidos em unidade de terapia
intensiva com choque séptico, a taxa de mortalidade por episddio pode atingir valores tao altos quanto

88% [5]. Classicamente a mortalidade costuma ser maior nos individuos com idade avancada (> 65
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anos), neoplasia hematologica, comorbidades clinicas, alto risco de complicagdo pelo escore MASCC,
diagnoéstico de pneumonia, bacteremia documentada, infec¢do por patégenos multirresistentes e choque
séptico [5,27]. Pelo fato de a NF se tratar de um evento agudo, cuja resolucdo encontra-se intimamente
relacionada a duracdo da neutropenia (nadir mediano 12 dias apds primeiro dia da quimioterapia),

estudos que avaliam mortalidade na NF costumam utilizar os pontos de corte de 28 ou 30 dias.

2.8.2. Taxa de Resposta ao Tratamento

A taxa de resposta clinica ao tratamento em NF configura um critério subjetivo com variacdes
entre os estudos que utilizam este desfecho. Classicamente os critérios resposta ao tratamento
antimicrobiano implementado incluem: defervescéncia e resolucdo dos sinais clinicos e laboratoriais de
infec¢do em 3 ou 7 dias de tratamento [53-55]. A taxa de resposta microbioldgica constitui erradicacao
do patdgeno causador da infecgdo em culturas de seguimento. As taxas de resposta clinica e
microbioldgica costumam ser maiores do que 85 a 90% para esquemas antimicrobianos eficazes [53-
55]. Alguns especialistas criticam a ado¢do de taxa de resposta clinica como desfecho primario em
estudos de eficicia, uma vez em que este desfecho reflete muito mais a modificacio do esquema

antibiotico inicial do que a eficacia real do antimicrobiano [56].

2.8.3. Sepse Grave e Choque Séptico

O principal mecanismo fisiopatoléogico que pode levar o paciente com NF ao o6bito ¢ a
progressdo da infec¢do para quadros de sepse grave ou choque séptico [S]. Sepse é definida pela
suspeita de infeccdo associada a pelo menos 2 dos seguintes achados de sindrome da resposta
inflamatoria sistémica (SIRS): temperatura corporal > 38°C ou menor do que 36°C; frequéncia
cardiaca > 90 batimentos por minuto; frequéncia respiratoria > 20 movimentos por minuto (ou PaCO,
< 32 mmHg); contagem total de leucécitos > 12000 ou menor 4000 células/ mm?® (ou presenga de mais
de 10% de formas jovens na contagem diferencial do leucograma) [39]. A presenca sinais ou sintomas
que indicam lesdo em orgdo alvo (hiperlactatemia, encefalopatia, insuficiéncia renal, Insuficiéncia
respiratéria, por exemplo), associados aos critérios de sepse, caracterizam o quadro de sepse grave
[39]. Hipotensdo (pressdo arterial sistdlica < 90 mmHg) sustentada a despeito de reposicdo volémica
(geralmente 20 mL/Kg de solugao cristaldide) na presenca de critérios de sepse, define o diagnostico de

choque séptico [39]. Quanto maior o nimero de critérios de SIRS no inicio do quadro de NF, maior o
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risco de progressao para choque séptico, variando de 0% para 3% para 30% para pacientes com 2, 3 ou
4 critérios, respectivamente [5].

A gravidade do episddio de NF ¢ resultado da interacdo patogeno e hospedeiro. A viruléncia
do patdgeno responsavel pelo quadro infeccioso pode representar risco para o desenvolvimento de
sepse grave ou choque séptico, como ja determinado em populagdes de pacientes ndo-neutropénicos
[57]. Por exemplo, infec¢des por Pseudomonas aeruginosa e Staphylococcus aureus t€m sido
associadas a cursos infecciosos mais graves, em contrapartida, infeccdes por Staphylococcus
coagulase-negativo tém sido associadas a uma menor probabilidade de evolugdo para sepse grave ou

choque séptico.

2.8.4. Tempo de Hospitalizacao

Tempo de hospitaliza¢do constitui um importante marcador de severidade clinica e consumo
de recursos de saude. Tempo prolongado de hospitalizacdo estd associado a episédios mais graves de
NF, bem como a maiores gastos financeiros [1,2,4-6]. Além disso, o proprio tempo prolongado de
internagdo pode se constituir em um fator prognostico negativo devido ao fato de aumentar o risco de
atraso do tratamento da doenca de base e de aumentar o risco de infeccdo por patdgenos
multirresistentes [14,22]. Dados da literatura indicam que o tempo médio de internagdo por episddio de
NF varia de 8.1 dias para pacientes com tumores so6lidos a 19.7 dias para pacientes com tumores

hematologicos [4].
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3. ESTRATEGIAS PARA LOCALIZAR INFORMACOES

Esta revisdo estd focada nos aspectos relacionados aos principais desfechos clinicos em

pacientes adultos com neutropenia febril secundéria a quimioterapia citotoxica. A estratégia de busca

envolveu a base de dados do PubMed. A busca de artigos foi realizada utilizando-se os seguintes

termos: “Chemotherapy-Induced Febrile Neutropenia”’[Mesh] OR "Febrile Neutropenia"[Mesh] OR

"Neutropenia"[Mesh]. Os seguintes filtros foram aplicados: Species: Humans; Languages: English;

Ages: Adult (19+ years). Buscas manuais nas referéncias dos artigos encontrados também foram

realizadas. O resultado da busca de referéncias estd sumarizado na figura 4. Os autores (aluno e

orientador) selecionaram as referéncias incluidas na revisdo tedrica através da avaliagdo dos titulos e

abstracts resultantes da busca acima mencionada.

Figura 4. Fluxograma da Estratégia de Busca de Referéncias Bibliograficas.
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4. JUSTIFICATIVA

A investigacdo de fatores associados a ocorréncia de desfechos clinicos desfavoraveis em NF
¢ de suma importincia, uma vez em que a identificagdo destes fatores pode contribuir para o

aperfeicoamento assistencial de uma sindrome associada com altas taxas de morbimortalidade.
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5. OBJETIVOS

Este estudo objetiva determinar os principais fatores associados com mortalidade, tempo de
hospitalizagao, incidéncia de bacteremia por patégenos multirresistentes e incidéncia de choque séptico
no inicio da febre em pacientes hospitalizados com neutropenia febril secundaria a quimioterapia

citotoxica para o cancer.
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ABSTRACT

Background: Time to antibiotic administration (TTA) has been proposed as a quality-of-care measure
in febrile neutropenia (FN); however, few data regarding the impact of TTA on mortality of adult
cancer patients with FN are available.

Objective: To determine whether TTA is a predictor of mortality in adult cancer patients with FN.
Methods: A prospective cohort study of all consecutive cases of FN, evaluated from October 2009 to
August 2011, at a single tertiary referral hospital in Southern Brazil was performed. TTA was assessed
as a predictive factor for 28-day mortality using the Cox proportional hazards model. Kaplan-Meier
curves were used for assessment of mortality rates according to different TTAs; the log-rank test was
used for between-group comparisons.

Results: In total, 307 cases of FN (169 subjects) were evaluated. During the study period, there were
29 deaths. In a Cox regression analysis, TTA was independently associated with 28-day mortality (HR
1.18 [95% CI 1.10 to 1.26]); each increase of 1 h in the TTA raised the risk of 28-day mortality by
18%. FN episodes with TTA <30 min had lower 28-day mortality rates compared with those with TTA
between 31 min and 60 min (3.0% versus 16.6%; log-rank P=0.0002).

Conclusions: Early antibiotic administration was associated with higher survival rates in the context of
FN. Efforts should be made to ensure that FN patients receive effective antibiotic therapy as soon as

possible. A target of 30 min to TTA should be adopted for cancer patients with FN.

Keywords: Anti-bacterial agents/administration and dosage; Febrile neutropenia; Mortality; Time to

treatment.
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INTRODUCTION

Febrile neutropenia (FN) may represent the only sign of severe infection in cancer patients,
because symptoms and signs of inflammation are typically attenuated due to reduced absolute
neutrophil count (ANC) [1,2]. The frequent need for indwelling central venous catheters in association
with damage to the gastrointestinal mucosa caused by anti-cancer agents, provides a portal of entry for
pathogenic bacteria, which in turn predisposes patients to bacteremia [3]. This fact, in association with
an impaired host response to infection due to neutropenia and decreased cellular immunity secondary
to intensive chemotherapy, leads to increased risk for severe infections in cancer patients. Despite
recent improvements in managing FN, infections in the context of neutropenia continue to be
associated with substantial mortality, which may reach values of approximately 10% in specialized
centers [4].

Time to antibiotic administration (TTA) is a well-recognized determinant of mortality in
patients with severe sepsis or septic shock [5]. Current guidelines for treatment of sepsis and FN [6,7],
based mainly on studies involving immunocompetent subjects, recommend administration of broad-
spectrum B-lactam antibiotic monotherapy with antipseudomonal activity within 1 h after the onset of
fever in neutropenic patients; furthermore, many oncology centers use a benchmark of <60 min to
antibiotic administration [8,9]. However, few studies investigating the impact of TTA on mortality of
patients with FN are available. Moreover, the ideal TTA in this setting is not well established, which
raises questions about the potential benefit of TTAs shorter than those recommended by current
guidelines. Accordingly, we performed the present study to determine whether TTA is a predictor of
mortality in adult cancer patients with FN and to define the optimal TTA for patients with FN

secondary to cytotoxic chemotherapy.

METHODS

Study design, patients and setting
A prospective cohort study was conducted at a single tertiary center. The present study
followed all cancer patients >18 years of age who were consecutively admitted to the Hematology

ward of the Hospital de Clinicas de Porto Alegre (Porto Alegre, Brazil) with neutropenia (i.e., an ANC
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<500 cells/mm?® or <1000 cells/mm’ with expectation of a decrease to <500 cells/mm?* during the
ensuing 48 h) and fever (i.e., a single axillary temperature measurement >38.5°C or sustained
temperature >38.0°C over a 1 h period). Subjects who were receiving palliative treatment only, had an
indication for outpatient treatment or had neutropenia due to a specific etiology other than an adverse
reaction to chemotherapy were excluded. Subjects were allowed to re-enter the study after an initial
episode of FN if they remained free from signs or symptoms of infection for at least seven days after

completing the treatment for the first episode and if all causative organisms, if any, were eradicated.

Treatment protocol

In our institution, the immediate antibiotic administration in patients with FN is
recommended. To ensure the shortest possible TTA, a protocol for the management of FN was created
with the involvement of nursing, medicine and pharmacy teams. According to this protocol, all
neutropenic patients were routinely screened for fever by the nurse staff (every 4 h or every 20 min if
temperature >37.5°C) with a standardized axillary thermometer calibrated for the range of 32.0 —
42.0°C, in steps of 0.1°C. All neutropenic patients were evaluated straightaway after the onset of fever
by a medical fast response team, which defined the initial antimicrobial therapy; a pharmacy unit
within the hematology ward immediately dispensed the antibiotic regimen prescribed. FN patients were
treated according to the 2002 guidelines of the Infectious Diseases Society of America [10]. The initial
antimicrobial treatment regimen was performed using B-lactam monotherapy with antipseudomonal
activity (cefepime, piperacillin-tazobactam or a carbapenem); vancomycin was recommended as part of
the initial empirical regimen only in cases with hemodynamic instability, suspected catheter-related
infection, or infection of the skin and soft tissue. In patients with clinically or microbiologically
documented infections, the duration of antimicrobial therapy was dictated by the particular organism
and site of infection; appropriated antibiotics were continued until ANC >500 cells/mm’. Empirical
antifungal therapy with amphotericin B deoxycholate was administered to patients with persistent fever
after four days of treatment with broad-spectrum antibiotics. Antibacterial prophylaxis was not
administered to any patient. Antifungal prophylaxis with fluconazole was routinely performed for
patients in whom the anticipated duration of neutropenia was >7 days. Acyclovir antiviral prophylaxis
was administered for herpes simplex virus seropositive patients undergoing allogenic hematopoietic

stem-cell transplantation or leukemia induction chemotherapy.
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Definitions

The primary independent variable in the study was TTA, which was defined as the time
between the onset of fever in neutropenic patients and antibiotic administration. The Multinational
Association for Supportive Care in Cancer (MASCC) risk index score [11] was applied at the onset of
fever to determine the risk for serious complications during FN; episodes were classified as high risk if
the score was <21 points and as low risk if the score was >21 points. Clinical comorbidity was defined
as the presence of heart failure, diabetes mellitus, chronic pulmonary disease, chronic liver disease or
chronic renal failure. The patients were divided into two groups based on their chemotherapy regimen:
the high-dose chemotherapy group included patients who underwent hematopoietic stem cell
transplantation or induction chemotherapy; and the standard-dose chemotherapy group included
patients who underwent consolidation or maintenance chemotherapy. Microbiological studies were
performed at the onset of fever according to the standards of practice and included two separate blood
samples drawn from two different sites for aerobic culture. In our institution, anaerobic blood culture is
not routinely performed due to low incidence of anaerobic bacteremia even in the context of FN (data
not shown). In the absence of an indwelling central venous catheter, the two blood samples were
obtained from two distinct peripheral veins. When an indwelling central venous catheter was present,
one sample for blood culture was obtained through the indwelling central venous catheter and the other
was collected from a peripheral vein. Bacteremia caused by coagulase-negative Staphylococcus spp
was defined as two positive results from two independent cultures. Bacteremia in one positive culture
was considered to be diagnostic for other microorganisms. Antibiotic susceptibilities of the isolated
pathogens were evaluated according to the recommendations of the Clinical and Laboratory Standards

Institute [12].

Outcome and follow-up

The primary outcome of the study was all-cause mortality 28 days after the onset of FN. The
patients were followed-up through interviews and medical record reviews using a standardized case
report form by researchers who were not associated with the assistant physician’s team. The follow-up
was maintained for 28 days after the onset of fever in the neutropenic patients. For subjects who were

discharged before 28 days, follow-up telephone calls were made on the 28™ day after the onset of FN to
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determine whether they remained alive. If a patient was deceased at the time of the telephone call, the

survival time was calculated based on the date of death reported by the family.

Statistical analysis

A multivariate Cox proportional hazards model was performed to determine whether TTA
was a predictor of 28-day mortality. All variables with P<0.15 in the univariate analysis were included.
In the multivariate model, independent variables were eliminated from the highest to the lowest P value
but remained in the model if P<0.05. The hazard ratios (HRs) were estimated along with the 95%
confidence intervals (Cls). Kaplan-Meier curves were used to evaluate the time-dependent occurrence
of death according to TTA; the log-rank test was applied for between-group comparisons. The
Bonferroni correction was applied as protection against multiple comparisons (i.e., type I error). Given
that two comparisons of mortality rate according to TTA were planned (TTA 31 min to 60 min versus
TTA <30 min in all cases of FN and TTA 31 min to 60 min versus TTA <30 min only in cases with the
first episode of documented bacteremia), the adjusted a level for the log-rank test was set at 0.025.

STATA version 12 (Stata Corp LP, USA) was used for statistical analysis.

Ethics issues
The Institutional Review Board of the Hospital de Clinicas de Porto Alegre approved the

study and written informed consent was obtained from all study participants.

RESULTS

During the study period, 307 cases of FN (169 patients) were analyzed. Seventy-one subjects (42%
of the study population) had two or more episodes of FN. The characteristics of all episodes of FN are
shown in Table 1. Hematological malignancies accounted for most cases of cancer (78.8%). The
predominant neoplastic diseases were acute myeloid leukemia (48.5%), lymphoma (16.6%), acute
lymphoblastic leukemia (14.6%) and multiple myeloma (9.7%). High-dose chemotherapy regimens
were performed in 53.4% of the study population. FN occurred after 48 h of hospitalization in 81.4% of
cases. Bloodstream infections were responsible for 37.4% of all episodes of FN: in descending order,

the most common blood isolates were: Escherichia coli, coagulase-negative staphylococci, Klebsiella
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pneumoniae, Pseudomonas aeruginosa, viridans streptococci and Enterococcus spp. All episodes of
FN were treated for the entire course as inpatients. No case with an incorrect antibiotic dose, according
to the institutional FN treatment protocol, was documented in the present cohort.

During the study period, there were 29 deaths (9.4 % of all cases of FN or 17.1% of all study
patients), although no deaths occurred during the coincident follow-up period of >2 FN episodes in the
same patient. The assessment of whether mortality was attributable to infection was concordant in all
29 patients who died. In the univariate analysis of the risk factors for 28-day mortality (Table 2),
relapsing underlying disease status (P=0.001), standard-dose chemotherapy regimens (P=0.02),
bloodstream infection (P=0.001) and presentation with a high-risk MASCC score (P<0.001) were more
frequent in non-survivors. TTA was also directly associated with the hazards for death (P<0.001).
After a multivariate analysis was conducted, the variables that constituted independent risk factors for
mortality included relapsing underlying disease status (HR 6.66 [95% CI 2.36 to 18.79]), bloodstream
infection (HR 3.64 [95% CI 1.49 to 8.88]), presentation with a high-risk MASCC score (HR 4.21 [95%
CI1.82 t0 9.72]) and TTA (HR 1.18 [95% CI 1.10 to 1.26]). Each hour of delay in TTA raised the 28-
day mortality risk by 18%. The distribution of TTAs for each episode of FN is shown in Figure 1; the
median TTA was 0.33 h (interquartile range [IQR] 1.0 h) and 1.66 (IQR 5.17 h) for survivors and non-
survivors, respectively.

Figure 2 shows the subgroup analysis of mortality rate according to TTA. Episodes of FN
with TTA <30 min had lower mortality rates compared with those with TTA of between 31 min and 60
min (3.0% versus 16.6%; log-rank P=0.0002). A second analysis comparing TTA between 31 min and
60 min versus TTA <30 min was performed only in cases with the first episode of documented
bacteremia (figure 3). This procedure was conducted in order to confirm the benefit of early TTA in
patients with documented bloodstream infections and to avoid possible confounding by evaluating
multiple episodes of FN; also in this analysis, TTA <30 min was associated with decreased likelihood
of death when compared with TTA between 31 and 60 min (6.4% versus 27.2%; log-rank P=0.020).
The rate of in vitro sensitivity of blood isolates to initial antibiotic treatment for cases with TTA <30
min and those with TTA between 31 min and 60 min were 87% and 90%, respectively (Fisher’s exact

P=0.77).

DISCUSSION
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In the present study, TTA was independently associated with all-cause 28-day mortality in the
context of FN after cytotoxic chemotherapy: each hour of delay in TTA raised the risk for death by
18%. Moreover, our study findings demonstrated that patients with TTA <30 min had lower mortality
rates than those with TTA between 31 min and 60 min.

Previous research involving distinct populations have confirmed the impact of early antibiotic
administration on clinical outcomes. For example, the study by Gaieski et al [13] showed a relative risk
reduction of mortality by 70% for non-neutropenic intensive care patients with severe sepsis and septic
shock treated with an appropriate antibiotic within 1 h of triage compared with those with TTA >1 h
(P=0.02). The retrospective cohort in the study by Fletcher et al [14] found that TTA <60 min, when
compared with a TTA of 61 min to 120 min, was associated with a lower incidence of a composite end
point that included in-hospital mortality, intensive care unit admission and fluid resuscitation >40
mL/kg within 24 h of presentation in pediatric FN patients. In a study by Hamandi et al [15], there was
a significant association between increasing TTA (24 h increments) and increased hospital mortality
rates in solid-organ transplant patients. Similarly, our study showed a reduction in the mortality risk
from early TTA in a specific population of high-risk neutropenic patients in whom the correct
implementation of antimicrobial strategy is of paramount importance. Beyond that, we went further
and evaluated the benefit of earlier TTA compared with TTA <1 h recommended by current practice.

The considerable reduction in risk of mortality associated with a target TTA <30 min
(compared with the typical target of <1 h recommended by current guidelines) observed in the present
study has scientific plausibility because a population with a high risk for morbidity and mortality due to
severe and prolonged immunosuppression is expected to benefit from prompt administration of
effective antimicrobial agents. This finding underscores the importance of validated institutional
strategies focused on reducing any delay in starting antimicrobial treatment for neutropenic cancer
patients [16-18].

The strengths of the present study include its prospective design, the implementation of
follow-up by a research team that was not responsible for providing care for the patients, the proper
measurement of variables and outcomes with previously defined objective criteria, and the appropriate
use of subgroup analysis through a conservative approach to avoid type I error. The main limitations of

the present study were related to its single-center design and possible systematic errors related to
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observational studies, given that we cannot be certain that we identified all potential confounding
factors. Additionally, important pharmacokinetic aspects of the initial antimicrobial treatment
administered (e.g., antibiotic serum levels) were not controlled.

Identifying the optimal TTA for patients with FN is of paramount importance to clinical
practice because immediate antibiotic therapy is one of the few available treatments that effectively
reduce mortality in the context of immunosuppression and infection. In addition, improvement to
strategies focused on early, effective empirical antimicrobial administration usually requires nothing
more than institutional organization and commitment. Taking into account the magnitude of these
results, further research investigating strategies to ensure prompt, effective antibiotic administration

within 30 min after the onset of FN in cancer patients undergoing cytotoxic chemotherapy is warranted.

ACKNOWLEDGMENTS

The authors thank the data collection team who created the database, as well as the Hospital
de Clinicas de Porto Alegre (HCPA), particularly the Infection Control Committee, for their support in
conducting the study. This study received financial support from FIPE/HCPA. The authors have no

conflicts of interest to report.

REFERENCES

1) Klastersky J. 2004. Management of fever in neutropenic patients with different risks of
complications. Clin Infect Dis. 39: S32-S37.

2) Legrand M, Max A, Peigne V, Mariotte E, Canet E, Debrumetz A, Lemiale V, Seguin A,
Darmon M, Schlemmer B, Azoulay E. 2012. Survival in neutropenic patients with severe
sepsis or septic shock. Crit Care Med. 40: 43-49.

3) Freifeld AG, Bow EJ, Sepkowitz KA, Beockh MJ, Ito JI, Mullen CA, Raad II, Rolston KV,
Young JA, Wingard JR. 2011. Clinical practice guideline for the use of antimicrobial agents
in neutropenic patients with cancer: 2010 update by the Infectious Diseases Society of

America. Clin Infect Dis. 52: €56-e¢93.

45



4)

5)

6)

7)

8)

9)

10)

11)

Kuderer NM, Dale DC, Crawford J, Cosler LE, Lyman GH. 2006. Mortality, morbidity, and
cost associated with febrile neutropenia in adult cancer patients. Cancer. 106: 2258-66.

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, Suppes R, Feinstein D,
Zanotti S, Taiberg L, Gurka D, Kumar A, Cheang M. 2006. Duration of hypotension before
initiation of effective antimicrobial therapy is the critical determinant of survival in human
septic shock. Crit Care Med. 34(6): 1589-96.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky JE, Sprung
CL, Doulgas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend SR, Reinhart K, Kleinpell
RM, Angus DC, Deutschman CS, Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vinvent
JL, Moreno R. 2013. Surviving sepsis campaign: international guidelines for management of
severe sepsis and septic shock: 2012. Crit Care Med. 41 (2): 580-637. Doi:
10.1097/CCM.0b013e31827e83af.

Rolston KV. 2005. Challenges in the treatment of infections caused by gram-positive and
gram-negative bacteria in patients with cancer and neutropenia. Clin Infect Dis. 40 suppl 4:
S246-52.

McCavit TL, Winick N. 2012. Time-to-antibiotic administration as a quality of care measure
in children with febrile neutropenia: a survey of pediatric oncology centers. Pediatr Blood
Cancer. 58(2):303-5. doi: 10.1002/pbc.23148.

Amado VM, Vilela GP, Queiroz A Jr, Amaral AC. 2011. Effect of a quality improvement
intervention to decrease delays in antibiotic delivery in pediatric febrile neutropenia: a pilot
study. J Crit Care. 26(1):103.€9-12. Doi: 10.1016/j.jcrc2010.05.034.

Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, Calandra T, Feld R, Pizzo PA,
Rolston KV, Shenep JL, Young SL. 2002. 2002 Guidelines for the use of antimicrobial agents
in neutropenic patients with cancer. Clin infect Dis. 34: 730-51.

Klastersky J, Paesmans M, Rubenstein EB, Boyer M, Elting L, Feld R, Gallagher J, Herrstedt
J, Rapoport B, Rolston K, Talcott J. 2000. The Multinational Association for Supportive Care
in Cancer Risk Index: a multinational scoring system for identifying low-risk febrile

neutropenic cancer patients. J Clin Oncol. 18(16): 3038-51.

46



12)

13)

14)

15)

16)

17)

18)

Clinical and Laboratory Standards Institute (CLSI). 2012. Performance Standards for
Antimicrobial Susceptibility Testing: Twenty-second Informational Supplement. M100-S22.
Wayne, PA.

Gaieski DF, Mikkelsen ME, Band RA, Pines JM, Massone R, Furia FF, Shofer SF, Goyal M.
2010. Impact of time to antibiotics on survival in patients with severe sepsis or septic shock in
whom early goal-directed therapy was initiated in the emergency department. Crit Care Med.
38(4):1045-53. Doi: 10.1097/CCM.0b013e3181cc4824.

Fletcher M, Hodgkiss H, Zhang S, Browning R, Hadden C, Hoffman T, Winick N, McCavit
TL. 2013. Prompt administration of antibiotics is associated with improved outcomes in
febrile neutropenia in children with cancer. Pediatr Blood Cancer. 60(8): 1299-306. Doi:
10.1002/pbc.24485.

Hamandi B, Holbrook AM, Humar A, Brunton J, Papadimitropoulos EA Wong GG, Thabane
L. 2009. Delay of adequate empiric antibiotic therapy is associated with increased mortality
among solid-organ transplant patients. Am J Transplant. 9(7): 1657-65. Doi: 10.1111/j.1600-
6143.2009.02664 x.

Van Vilet M, Potting CM, Sturm PD, Donnelly JP, Bliigevens NM. 2011. How prompt is
prompt in daily practice? Earlier initiation of empirical antibacterial therapy for the febrile
neutropenic patient. Eur J Cancer Care. 20(5): 679-85. Doi: 10.1111/.1365-
2354.2011.01264 x.

Burry E, Punnett A, Mehta A, Thull-Freedman J, Robinson L, Gupta S. 2012. Identification of
educational and infrastructural barriers to prompt antibiotic delivery in febrile neutropenia: a
quality improvement initiative. Pediatr Blood Cancer. 59(3): 431-5. Doi: 10.1002/pbc.23418.
Corey AL, Snyder S. 2008. Antibiotics in 30 minutes or less for febrile neutropenic patients: a
quality control measure in a new hospital. J Pediatr Oncol Nurs. 25(4): 208-212. Doi:

10.1177/1043454208319971.

47



Table 1. Study population characteristics and microorganisms isolated in 307 cases of febrile

neutropenia.

Age, mean years + SD 40.7+14.2

Female sex 148 (48.2)

Type of cancer

Acute myeloid leukaemia 149 (48.5)
Acute lymphoblastic leukaemia 45 (14.6)
Chronic myeloid leukaemia 18 (5.8)
Multiple myeloma 30(9.7)
Lymphoma 51(16.6)
Other solid tumours 14 (4.5)
Relapsing underlying disease 155 (50.4)
Clinical comorbidity 76 (24.7)

Phase of chemotherapy

Induction 76 (24.7)
Consolidation 86 (28.0)
Maintenance 57 (18.6)
HSCT 88 (28.7)
ANC at the time of diagnosis of FN, median cells/mm?® (IQR) 130 (260)
Duration of neutropenia, median days (IQR) 9(12)
Nosocomial-acquired episodes of FN 250 (81.4)
Bloodstream infection® 115 (37.4)
Escherichia coli 48 (41.7)
Coagulase-negative staphylococci 36 (31.3)
Klebsiella pneumonia 13 (11.3)
Pseudomonas aeruginosa 11 (9.5)
Viridans strepcococci 8(6.9)
Enterococcus spp 434
Serratia spp 2(1.7)
Enterobacter spp 2(1.7)
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Candida spp 2(1.7)

Salmonella spp 1(0.8)
Staphylococcus aureus 1(0.8)
Kocuria varians 1(0.8)

Data presented as n (%) unless otherwise indicated. SD Standard deviation; ANC Absolute neutrophil
count; HSCT Hematopoietic stem cell transplantation; 'There were 12 cases of polymicrobial

bloodstream infections.
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Figure 1. Distribution of time to antibiotic therapy in 307 cases of febrile neutropenia.
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Table 2. Predictors of 28-day mortality in febrile neutropenia (FN) patients according to Cox

regression analysis.

Mortality Survival group Univariate analysis Multivariate analysis

Variables group (n=29) (n=278) HR (95% CI) P HR (95% CI) P
Age, mean years (SD) 41.6 (15.0) 40.6 (14.1) 1.00 (0.98-1.03) 0.62
Female gender 13 (44.8) 135 (48.5) 0.85(0.41-1.78) 0.68
Clinical comorbidity 6 (20.6) 70 (25.1) 0.82(0.33-2.01) 0.66
Type of neoplastic disease

Hematologic 24 (82.8) 218 (78.4) 1.20 (0.45-3.15) 0.70

Solid tumour 517.2) 60 (21.6)
Relapsing underlying disease
status 23 (79.3) 132 (47.4) 4.30 (1.75-10.58) | 0.001 6.66 (2.36-18.79) <0.001
High-dose chemotherapy
regimens 9(31.0) 155 (55.7) 0.39 (0.17-0.86) 0.02
ANC at the time of the
diagnosis of FN, median
cells/mm? (IQR) 130 (260) 130 (260) 1.00 (0.99-1.00) 0.37
ANC <100 cells/mm? at the
time of the diagnosis of FN 16 (55.1) 114 (41.0) 1.68 (0.80-3.49) 0.16
Duration of neutropaenia,
median days (IQR) 8 (16) 9.5(11) 0.97 (0.93-1.01) 0.23
Bloodstream infection 20 (68.9) 95 (34.1) 3.91 (1.78-8.60) 0.001 3.64 (1.49-8.88) 0.004
High-risk MASCC score 18 (62.0) 65 (23.2) 5.03 (2.37-10.65) | <0.001 4.21 (1.82-9.72) 0.001
In vitro sensitivity of blood
isolates to initial antibiotic
treatment 22 (75.8) 246 (88.4) 0.47 (0.20-1.10) 0.08
Time to antibiotic, median
hours (IQR) 1.66 (5.17) 0.33(1.0) 1.14 (1.07-1.22) | <0.001 1.18 (1.10-1.26) <0.001
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Data presented as n (%) unless otherwise indicated. HR Hazard ratio; 95% CI 95% confidence interval;
SD Standard deviation; ANC Absolute neutrophil count; IQR Interquartile range (P75 — P25); MASCC

Multinational Association for Supportive Care in Cancer
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Figure 2. Comparison of survival curves of FN cases with time to antibiotic administration

(TTA) between 31 min and 60 min versus those with TTA <30 min. All episodes of FN.
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Figure 3. Comparison of survival curves of FN cases with time to antibiotic administration

(TTA) between 31 min and 60 min versus those with TTA <30 min. FN Cases with the first

episode of documented bacteremia.
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ABSTRACT

Purpose: This study sought to evaluate factors associated with hospital length of stay in cancer
patients with febrile neutropenia.

Methods: A prospective cohort study was performed at a single tertiary referral hospital in southern
Brazil from October 2009 to August 2011. All adult cancer patients with febrile neutropenia admitted
to the hematology ward were evaluated. Stepwise random-effects negative binomial regression was
performed to identify risk factors for prolonged length of hospital stay.

Results: In total, 307 cases of febrile neutropenia were evaluated. The overall median length of
hospital stay was 16 days (interquartile range 18 days). According to multiple negative binomial
regression analysis, hematologic neoplasms (P=0.003), high-dose chemotherapy regimens (P<0.001),
duration of neutropenia (P<0.001), and bloodstream infection involving Gram-negative multi-drug-
resistant bacteria (P=0.003) were positively associated with prolonged hospital length of stay in
patients with febrile neutropenia. The condition index showed no evidence of multi-collinearity effect
among the independent variables.

Conclusions: Hematologic neoplasms, high-dose chemotherapy regimens, prolonged periods of
neutropenia, and bloodstream infection with Gram-negative multi-drug-resistant bacteria are predictors

of prolonged length hospital of stay among adult cancer patients with febrile neutropenia.

Keywords: Febrile neutropenia; Length of hospital stay; Risk factors.
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INTRODUCTION

Febrile neutropenia (FN) is a common complication of cancer treatment. The absolute
neutropenia caused by intensive cytotoxic chemotherapy increases the risk of severe infections, which
frequently require hospitalization for administration of broad-spectrum antibiotics to minimize
morbidity and mortality [1,2].

Hospital length of stay (LOS) is an important marker of clinical severity and use of resources
in the context of FN [3]. Neutropenic cancer patients who require prolonged LOS are at increased risk
of multi-drug-resistant (MDR) infections and delays in their antineoplastic treatments [4,5], which can,
in turn, have implications for cancer treatment outcomes. Moreover, given that diagnostic and
treatment procedures in patients with FN are often associated with large financial expenditures,
prolonged LOS has a negative impact on healthcare resource use and costs [6,7]. In specialized centers,
the median cost of hospitalization per episode of FN may be as high as $24,000 USD [3] with an
attributable cost excess greater than $12,000 USD [8].

Understanding the factors that prolong LOS in patients with FN may improve our ability to
reduce costs and improve their quality of care. Therefore, we performed this study with the aim of

evaluating the factors associated with increased LOS in hospitalized adult cancer patients with FN.

METHODS

Study design, patients, and settings

A prospective cohort study was conducted in the hematology ward of the Hospital de Clinicas
de Porto Alegre, Rio Grande do Sul, a tertiary referral center for bone marrow transplantation in
southern Brazil. All patients admitted between October 2009 and August 2011 and fitting the eligibility
criteria were enrolled in this study. Inclusion criteria comprised age >18 years, neutropenia (absolute
neutrophil count <500 cells/mm? or <1000 cells/mm’ with an expectation of a decrease to <500
cells/mm? during the ensuing 48 h), and fever (a single axillary temperature measurement >38.5 °C or
>38.0 °C sustained for 1 h). Exclusion criteria comprised individuals receiving only palliative

treatment, an indication for outpatient treatment, or neutropenia caused by something other than
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manifestations of hematological malignancy, bone marrow or peripheral blood stem cell
transplantation, or adverse reaction to chemotherapy. Subjects were eligible to re-enter the study with a
second or subsequent episode of FN if they had been discharged from hospital after completing

treatment for a prior episode of FN.

Treatment protocol

Febrile neutropenic patients were treated according to the 2010 updated guidelines of the
Infectious Diseases Society of America[9]. Initial antimicrobial treatment was B-lactam monotherapy
with anti-pseudomonal activity (i.e., cefepime, piperacillin—tazobactam, or a carbapenem); a
glycopeptide (i.e., vancomycin) was added to this initial empiric regimen only in patients with
hemodynamic instability, suspected catheter-related infection, or infection of skin and soft tissue.
Empiric antifungal therapy with amphotericin B deoxycholate was administered in patients with
persistent fever after 4 days of treatment with broad-spectrum antibiotics. No patients received
antibacterial prophylaxis. Antifungal prophylaxis with fluconazole was routinely administered to
patients in whom the anticipated duration of neutropenia was >7 days. Acyclovir antiviral prophylaxis
was administered to herpes simplex virus seropositive patients undergoing allogeneic hematopoietic

stem-cell transplantation or leukemia induction chemotherapy.

Independent variables

The independent variables to be examined in this study were selected based on previously
reported associations with prognosis in patients with FN [10-13]. All baseline characteristics were
verified at the onset of fever by a medical research team not associated with patient care. Clinical
comorbidity was defined as the presence of heart failure, diabetes mellitus, chronic pulmonary disease,
chronic liver disease, or chronic renal failure. The patients were allocated to two groups based on their
chemotherapy regimens: a high-dose chemotherapy group that included patients undergoing
hematopoietic stem cell transplantation or induction chemotherapy and a standard-dose chemotherapy
group that included patients undergoing consolidation or maintenance chemotherapy. Profound
neutropenia was defined as an absolute neutrophil count <100 cells/mm? at the onset of FN. Prolonged

neutropenia was defined as duration of neutropenia >7 days after the onset of FN. Nosocomial-

58



acquired FN was defined as FN developing 48 h or more after hospitalization. Microbiological studies
were performed at the onset of fever according to standard practice and included two separate blood
samples from two different sites. In the absence of an indwelling central venous catheter, these blood
sets were obtained from two distinct peripheral veins. When an indwelling central venous catheter was
present, one sample for blood culture was obtained through that catheter and the other from a
peripheral vein. The susceptibilities of the isolated pathogens to antibiotics were evaluated according to
the recommendations of the Clinical and Laboratory Standards Institute [14]. Polymicrobial
bloodstream infection was defined as a bacteremic episode in which at least two different pathogens
were isolated from the same blood sample. For Gram-positive bacteria, MDR bacteremia was defined
as bloodstream infection (BSI) with methicillin-resistant staphylococci or vancomycin-resistant
enterococci, whereas for Gram-negative bacteria it was defined as resistance to three or more classes of
antimicrobial agents. Proven and probable invasive fungal infections (IFIs) were defined according to
the criteria of the European Organization for Research and Treatment of Cancer-Invasive Fungal

Infections Cooperative Group [15].

Outcome and follow-up

The primary outcome of the present study was the LOS after the onset of FN. Patient follow-
up was performed by researchers who were not associated with the assistant physician’s team through
interviews and medical record reviews using a standardized data collection instrument. Follow-up was

maintained throughout each hospitalization.

Statistical analysis

Independence could not be assumed because some patients had more than one episode of FN
and were therefore evaluated more than once. Accordingly, stepwise random-effects negative binomial
regression analysis was performed: this is a validated strategy for dealing with clustered data (that is,
when observations in one cluster tend to be more similar to each other than to individuals in the rest of
sample) [16]. All clinical and microbiological variables with a P value <0.10 in the univariate analysis
were included. In the multivariate model, independent variables were eliminated from the highest to the
lowest P value but remained in the model if the P value was <0.05. Incidence rate ratios (IRR) were

estimated with 95% confidence intervals (95% CI). Multi-collinearity was assessed according to the
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condition index of the multivariate model: a condition index <10 denotes weak collinearity, 10-30
denotes moderate collinearity, and >30 denotes strong collinearity [17]. The statistical analysis was

performed using STATA version 12 (Stata Corp LP, USA).

Ethical considerations

Written informed consent was obtained from all study participants. The institutional review
board of Hospital de Clinicas de Porto Alegre approved the study protocol and consent form (GPPG
09282). A copy of each written consent obtained is available for review from the Editor-in-Chief of

this journal if necessary.

RESULTS

Three hundred and seven cases of FN (in 169 patients) were evaluated during the study
period. Seventy-one patients (42% of the study cohort) had two or more episodes of FN; the maximum
number of episodes in an individual patient was four. Relevant characteristics of all episodes of FN are
shown in Table 1. Most of the cancers were hematological malignancies (78.8%); the most common
being acute myeloid leukemia (48.5%), lymphoma (16.6%), and acute lymphoblastic leukemia
(14.6%); in 53.4% of the cases, high-dose chemotherapy regimens were being administered.
During the study period, 115 BSIs were documented. The predominant isolates from blood were
Escherichia coli (41.7%), coagulase-negative staphylococci (31.3%), Klebsiella pneumoniae (11.3%),
Pseudomonas aeruginosa (9.5%), viridans streptococci (6.9%), and Enterococcus spp (3.4%). Among
all BSIs evaluated, 38 episodes (33.0%) were caused by MDR bacteria; of these, 68.4% were caused by
Gram-positive bacteria, 29.0% by Gram-negative bacteria, and 2.6% by both Gram-positive and Gram-
negative bacteria. Methicillin resistance and production of extended-spectrum beta-lactamase were the
most frequent types of antimicrobial resistance, occurring in 96.2% of BSIs involving Gram-positive
MDR bacteria and 83.3% of BSIs involving Gram-negative MDR bacteria. The overall in vitro rate of
resistance of blood isolates to the initial antibiotics administered was 12.7%. The incidence of proven
or probable IFI was 7.1%.

The median LOS of the all episodes of FN was 16 days (interquartile range [IQR] 18 days).

Sixty-nine percent of the cases were hospitalized for longer than 10 days. The median LOS for those
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admitted for 10 days or less was 8 days (IQR 3 days). The median LOS for those admitted for longer
than 10 days was 22 days (IQR 17 days). The median LOS according to case characteristics are shown
in Figure; the greatest differences in median LOS according to the presence or absence of certain
clinical features were found in the following categories: IFI, BSI involving Gram-negative MDR
bacteria, and prolonged neutropenia.

According to the univariate analysis (Table 2), hematologic neoplasms (P<0.001), high-dose
chemotherapy regimens (P<0.001), duration of neutropenia (P<0.001), MDR BSI (P=0.04), BSI
involving Gram-negative MDR bacteria (P=0.009), and proven or probable IFI (P=0.002) were
statistically associated with LOS. Interestingly, variables related to antimicrobial treatment, such as in
vitro sensitivity of blood isolates to initial antibiotic treatment (P=0.07) and time to initial antibiotic
(P=0.24) were not significant predictors of LOS. According to multivariate analysis (Table 2),
hematologic neoplasms (P=0.003), treatment with high-dose chemotherapy regimens (P<0.001),
duration of neutropenia (P<0.001), and BSI by MDR Gram-negative bacteria (P=0.006) were
positively associated with LOS. The condition index of the final multivariate negative binomial
regression was 5.5, indicating little collinearity among the explanatory variables in the model. In cases
with hematologic neoplasms and those receiving high-dose chemotherapy before the episode of FN, the
median LOS was 30% and 46%, respectively, longer than in cases without these risk factors. Each
additional day of neutropenia was associated with a 2% increase in the total LOS. In cases with BSI

caused by MDR Gram-negative bacteria, the median LOS was 62% longer than in other patients.

DISCUSSION

In the present cohort of patients with one or more episodes of FN, hematologic neoplasms,
high-dose chemotherapy regimens, duration of neutropenia, and BSI with Gram-negative MDR
bacteria were positively associated with prolonged LOS among hospitalized adult cancer patients with
FN.

Reported median LOS in the context of FN varies according to the category of patient studied.
In the study by Kuderer et al., LOS among cancer patients with FN had a range from 8.1 days (for
patients with solid tumors) to 19.7 days (for patients with leukemia) [18]. Basu et al. reported a median

LOS of 5 days in pediatric cancer patients with both high- and low-risk episodes of FN; specifically,
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the median LOS for patients admitted for longer than 5 days was 12 days [19]. In addition, Weycker et
al. reported a mean LOS of 8.4 days for adult patients with FN who were receiving myelosuppressive
chemotherapy for solid tumors or non-Hodgkin lymphomas [20]. The prolonged median LOS found in
our study (16 days) is consistent with the characteristics of our study sample, which included a large
proportion of high-risk hematologic patients receiving high-dose chemotherapy regimens. Moreover,
we evaluated only patients receiving intravenous chemotherapy; this fact also contributed to the
prolonged LOS seen in our study population.

The factors we identified as associated with LOS are supported by findings of previous
studies. Consistent with our findings, Haeusler et al. [21] showed a correlation between MDR Gram-
negative bacteremia and prolonged hospital and intensive care unit length of stay in pediatric oncology
patients. Interestingly, the relationship between BSI with MDR bacteria and LOS can become a vicious
cycle because these two variables are reciprocal risk factors: prolonged LOS increases the risk of MDR
bacteremia, which in turn increases the risk of prolonged hospitalization. Hematological malignancies
are also reportedly risk factors for complications during episodes of FN; Taccone et al. [22] showed
that, in an intensive care setting, patients with hematological cancer were more seriously ill and more
commonly had sepsis, acute respiratory distress syndrome, and renal failure than did patients with solid
cancers. The impact of prolonged neutropenia caused by high-dose chemotherapeutic regimens on LOS
has also been well documented. Previously validated strategies have focused on reducing the duration
of neutropenia through interventions such as prophylactic administration of granulocyte colony-
stimulating factors, which is often associated with a decrease in the incidence of infections and shorter
hospitalizations in neutropenic patients, without an impact on mortality [23-25].

The major limitation of our study is the observational design; we cannot be certain that we
have identified all potential confounding factors. However, both assessment of independent variables
by a research group not involved in patient care and the use of a prospective design with an objective
endpoint contributed to the methodological strength of this study.

Identifying risk factors for prolonged LOS in patients with FN is of paramount importance to
clinicians and healthcare administrators: this knowledge may guide preventative measures focused on
decreasing LOS to both improve care (avoiding nosocomial infections and delays in cancer treatment)

and optimize resource consumption (the duration of hospital stay is directly related to cost). Future
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trials are needed to evaluate the impact on LOS of directed measures focused on prevention and

management of the factors associated with prolonged LOS among cancer patients with FN.

ACKNOWLEDGMENTS

The authors would like to thank the data collection team who created the database, as well as
the Hospital de Clinicas de Porto Alegre, particularly the Infection Control Committee, for their
support in conducting this study. This study received funding from Fundo de Incentivo & Pesquisa e

Eventos (FIPE) Hospital de Clinicas de Porto Alegre.

REFERENCES

1. Klastersky J (2004) Management of fever in neutropenic patients with different risks of
complications. Clin Infect Dis 39: S32-S37. DOI: 10.1086/383050.

2. De Naurois J, Novitzky-Basso I, Gill MJ, Marti Marti F, Cullen MH, et al. (2010)
Management of febrile neutropenia: ESMO clinical practice guidelines. Ann Oncol 21: v252-
v256. DOI: 10.1093/annonc/mdq196.

3. Dulisse B, Li SX, Gayle JA, Barron RL, Ernst FR, et al. (2013) A retrospective study of the
clinical and economic burden during hospitalizations among cancer patients
with febrile neutropenia. ] Med Econ 16: 720-735. DOI: 10.3111/13696998.2013.782034.

4. Sutter DE, Dradshaw LU, Simkins LH, Summers AM, Atha M, et al. (2011) High incidence
of multidrug-resistant Gram-negative bacteria recovered from Afghan patients at a developed
US military hospital. Infect Control Hosp Epidemiol 32: 854-860. DOI: 10.1086/661284.

5. Cameron D (2009) Management of chemotherapy-associated febrile neutropenia. Br J Cancer
101: S18-S22. DOI: 10.1038/sj.bjc.6605272.

6. Schilling MB, Parks C, Deeter RG (2011) Costs and outcomes associated with hospitalized
cancer patients with neutropenic complications: A retrospective study. Exp Ther Med 2: 859-

866.

63



10.

11.

12.

13.

14.

15.

16.

Zhou YP, Jin J, Ding Y, Chee YL, Koh LP, et al. (2013) Direct costs associated with febrile
neutropenia in inpatients with hematological diseases in Singapore. Support Care Cancer
22(6): 1447-51. DOLI: 10.1007/s00520-013-2055-5.

Weycker D, Malin J, Edelsberg J, Glass A, Gokhale M (2008) Cost of neutropenic
complications of chemotherapy. Ann Oncol 19: 454-460. DOI: 10.1093/annonc/mdm525.
Freifeld AG, Bow EJ, Sepkowitz KA, Beockh MJ, Ito JI, et al. (2011) Clinical practice
guideline for the use of antimicrobial agents in neutropenic patients with cancer: 2010 update
by the Infectious Diseases Society of America. Clin Infect Dis 52: e56-¢93. DOLIL:
10.1093/cid/cir073.

Klastersky J, Paesmans M, Rubenstein EB, Boyer M, Elting L, et al. (2000) The Multinational
Association for Supportive Care in Cancer Risk Index: a multinational scoring system for
identifying low-risk febrile neutropenic cancer patients. J Clin Oncol 18(16): 3038-51.

Lee YM, Lockwood C (2013) Prognostic factors for risk stratification of adult cancer patients
with chemotherapy-induced febrile neutropenia: A systematic review and meta-analysis.
International Journal of Nursing Practice 19: 557-576. DOI: 10.1111/ijn.12099.

Montassier E, Batard E, Gastinne T, Potel G, de La Cochetiere MF (2013) Recent changes in
bacteremia in patients with cancer: a systematic review of epidemiology and antibiotic
resistance. Eur J Clin Microbiol Infect Dis 32(7):841-850. DOI: 10.1007/s10096-013-1819-7.
Bow EJ (2013) Infection in neutropenic patients with cancer. Crit Care Clin 29: 411-441.
DOI: 10.1016/j.ccc.2013.03.002.

Clinical and Laboratory Standards Institute (2012) Performance standards for antimicrobial
susceptibility testing: twenty-second informational supplement. M100-S22. Wayne, PA:
Clinical and Laboratory Standards Institute. 184 p.

De Pauw B, Walsh TJ, Donnelly JP, Stevens DA, Edwards JE, et al. (2008) Revised
definitions of invasive fungal disease from the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute
of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus Group.
Clin Infect Dis 46: 1813-1821. DOI: 1086/588660.

Kirkwood B, Sterne J (2003) Analysis of clustered data. In: Kirkwood B, Sterne J, editors.

Essentials of medical statistics. Oxford: Blackwell Science. pp. 355-370.

64



17.

18.

19.

20.

21.

22.

23.

24.

25.

Callaghan K, Chen J (2008) Revisiting the collinear data problem: an assessment of estimator
‘Ill-conditioning’ in linear regression. Pratical Assessment, Research & Evaluation 13(5).
Kuderer NM, Dale DC, Crawford J, Cosler LE, Lyman GH (2006) Mortality, morbidity, and
cost associated with febrile neutropenia in adult cancer patients. Cancer 106: 2258-2266.

Basu SK, Fernandez ID, Fisher SG, Asselin BL, Lyman GH (2005) Length of stay and
mortality associated with febrile neutropenia among children with cancer. J Clin Oncol 23:
7958-7966.

Weycker D, Barron R, Kartashov A, Legg J, Lyman GH (2013) Incidence, treatment, and
consequences of chemotherapy-induced febrile neutropenia in the inpatient and outpatient
settings. J Oncol Pharm Pract. DOI: 10.1177/1078155213492450.

Haeusler GM, Mechinaud F, Daley AJ, Starr M, Shann F, et al. (2013) Antibiotic-resistant
Gram-negative bacteremia in pediatric oncology patients--risk factors and outcomes. Pediatr
Infect Dis 32: 723-726. DOI: 10.1097/INF.0b013e31828aebcS8.

Taccone FS, Artigas AA, Sprung CL, Moreno R, Sakr Y, Vincent JL (2009) Characteristics
and outcomes of cancer patients in European ICUs. Crit Care 13(1): R15. DOI:
10.1186/cc7713.

Sasse EC, Sasse AD, Brandalise S, Clark OA, Richards A (2005) Colony stimulating factors
for prevention of myelosuppressive therapy induced febrile neutropenia in children with acute
lymphoblastic  leukaemia. Cochrane Database Syst Rev 3: CD004139. DOI:
10.1002/14651858.CD004139.pub2.

Kim S, Baek J, Min H (2012) Effects of prophylactic hematopoietic colony stimulating factors
on stem cell transplantations: meta-analysis. Arch Pharm Res 35: 2013-2020. DOI:
10.1007/s12272-012-1119-2.

Renner P, Milazzo S, Liu JP, Zwahlen M, Birkmann J, et al. (2012) Primary prophylactic
colony-stimulating factors for the prevention of chemotherapy-induced febrile neutropenia in
breast cancer patients. Cochrane Database Syst Rev 10: CD007913. DOI:

10.1002/14651858.CD007913.pub2.

65



Table 1. Clinical characteristics in 307 cases of febrile neutropenia

Age, mean years + SD 40.7+14.2
Female sex 148 (48.2)
Type of cancer
Acute myeloid leukemia 149 (48.5)
Acute lymphoblastic leukemia 45 (14.6)
Chronic myeloid leukemia 18 (5.8)
Multiple myeloma 30(9.7)
Lymphoma 51(16.6)
Other solid tumors 14 (4.5)
Relapsing underlying disease 155 (50.4)
Clinical comorbidity 76 (24.7)
Phase of chemotherapy
Induction 76 (24.7)
Consolidation 86 (28.0)
Maintenance 57 (18.6)
HSCT 88 (28.7)
ANC at the time of diagnosis of FN, median cells/mm?® (IQR) 130 (260)
Duration of neutropenia, median days (IQR) 9(12)
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Nosocomial-acquired episodes of FN 250 (81.7)
Bloodstream infection 115 (37.4)
BSI involving Gram-positive bacteria 46 (14.9)
BSI involving Gram-negative bacteria 74 (24.1)
Polymicrobial BSI 12 (3.9)
BSI involving Gram-positive MDR bacteria 27 (8.7)
BSI involving Gram-negative MDR bacteria 12 (3.9)
Proven or probable IFI 22 (7.1)

Data presented as n (%) unless otherwise indicated. SD = standard deviation, HSCT = hematopoietic

stem cell transplantation; ANC = absolute neutrophil count; FN = febrile neutropenia; IQR

interquartile range (P75-P25); BSI = bloodstream infection; MDR = multi-drug-resistant; IFI

invasive fungal infection.
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Table 2. Negative binomial regression of factors associated with hospital length of stay among

cases of febrile neutropenia in cancer patients.

Variables Univariate analysis Multivariate analysis
IRR (95% CI) P value | IRR (95% CI) | P value
Age, years 0.99 (0.98-1.00) 0.10 - -
Hematologic neoplasm 1.64 (1.35-2.00) <0.001 | 1.30(1.09-1.55) | 0.003
Relapsing underlying disease status 0.87 (0.74 - 1.03) 0.11 - -
Clinical comorbidity 1.02 (0.84-1.23) 0.79 - -
High-dose chemotherapy regimens 1.48 (1.26-1.73) <0.001 | 1.43 (1.24-1.64) | <0.001
ANC at the time of the diagnosis of FN, cells/mm? 1.0003 (0.99 - 1.00) 0.05 - -
Duration of neutropenia, median days 1.02 (1.01-1.03) <0.001 | 1.02 (1.01-1.02) | <0.001
Nosocomial-acquired episode of FN 0.91 (0.74-1.12) 0.40 - -
Bloodstream infection 1.007 (0.85-1.19 0.93 - -
BSI involving Gram-positive bacteria 1.08 (0.86-1.36) 0.47 - -
BSI involving Gram-negative bacteria 1.009 (0.83-1.22) 0.92 - -
Polymicrobial BSI 1.46 (0.97-2.21) 0.06 - -
MDR BSI 1.28 (1.00-1.63) 0.04 - -
BSI involving Gram-positive MDR bacteria 1.09 (0.82-1.46) 0.51 - -
BSI involving Gram-negative MDR bacteria 1.72 (1.14-2.58) 0.009 | 1.62(1.15-2.29) | 0.006
Proven or probable IFI 1.63 (1.20-2.22) 0.002 - -
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In vitro sensitivity of blood isolates to initial antibiotic 0.79 (0.62-1.01) 0.07
treatment
Time to initial antibiotic, hours 1.01 (0.98-1.04) 0.24

Note. The incidence rate ratio (IRR) represents the change in the dependent variable (days of

hospitalization) in terms of percentage (determined by the amount the IRR is above or below 1) per

unit increase of continuous independent variables or in the yes versus no group for binary independent

variables. ANC = absolute neutrophil count; FN = febrile neutropenia; BSI = bloodstream infection;

MDR = multi-drug-resistant; IFI = invasive fungal infection.
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Figure. Median hospital length of stay among cases of febrile neutropenia according to clinical

characteristics

Median hospital length of stay (days)
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The red line represents the median length of hospital stay of the entire cohort. For each variable, 1 and
0 represent, respectively, the median LOS for cases with and without the clinical characteristic

described in the corresponding row; BSI = bloodstream infection; MDR = multi-drug-resistant.
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ABSTRACT

Background: Septic shock (SS) at the onset of febrile neutropaenia (FN) is an emergency situation
that is associated with high morbidity and mortality. The impact of the specific aetiology of
bloodstream infections (BSIs) in the development of SS at the time of FN is not well established. The
aim of this study was to evaluate the association between the aetiology of BSIs and SS at the time of
FN in hospitalised adult cancer patients.

Methods: This prospective cohort study was performed at a single tertiary hospital from October 2009
to August 2011. All adult cancer patients admitted consecutively to the haematology ward with FN
were evaluated. A stepwise logistic regression was conducted to verify the association between the
microbiological characteristics of BSIs and SS at the onset of FN.

Results: In total, 307 cases of FN in adult cancer patients were evaluated. There were 115 cases with
documented BSI. A multivariate analysis showed that polymicrobial bacteraemia (P=0.01) was
associated with SS. The specific blood isolates independently associated with SS were viridans
streptococci (P=0.02) and Escherichia coli (P=0.01).

Conclusions: Neutropaenic cancer patients with polymicrobial bacteraemia or BSI by viridans

streptococci or Escherichia coli are at increased risk for SS at the time of FN.

Keywords: Febrile neutropaenia, Septic shock, Risk factors, Aetiology, Bacteraemia.
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INTRODUCTION

Despite improvements in treating febrile neutropaenia (FN) and sepsis over the past decade,
septic shock (SS) continues to be associated with substantial morbidity and mortality among cancer
patients undergoing intensive cytotoxic chemotherapy [1]. The unpredictable clinical course of
infections in neutropaenic patients because of the lack of an adequate inflammatory response makes
managing FN a significant challenge because clinically stable patients may suddenly progress to severe
sepsis or SS [2].

SS is a result of the host response to the pathogen and is dependent on the virulence of the
microorganism and the infection site [3]. The known risk factors for SS in immunocompetent patients
include advanced age, low functional status, and the presence of cancer, clinical comorbidities,
nosocomial infections, and infection that does not originate in the urinary tract [4-6]. Infection with
certain bacteria, such as Staphylococcus aureus and Pseudomonas aeruginosa, is also associated with
an increased risk for SS, as the expression of certain proteins or molecules (virulence factors)
contributes to pathogen replication and dissemination by subverting or eluding the host’s defences [7].
Unfortunately, data regarding the influence of microbiological factors on the development of SS in
cancer patients with FN are scarce. Therefore, we conducted a study with the aim of evaluating the
association between microbiological aspects of bloodstream infections (BSIs) and SS development at

the onset of FN in hospitalised adult cancer patients.

METHODS

Study design and participants

A prospective cohort study was conducted at a single referral centre for adult bone marrow
transplantation in Southern Brazil from October 2009 to August 2011. This study followed all
consecutive haemodynamically stabile cancer patients older than 18 years of age who were admitted to
the haematology ward of the Hospital de Clinicas de Porto Alegre (Porto Alegre, Brazil) with
neutropaenia (i.e., an absolute neutrophil count [ANC] <500 cells/mm? or <1000 cells/mm’ with an
expectation of a decrease to <500 cells/mm?* during the ensuing 48 h). The subjects who developed

fever (i.e., a single axillary temperature measurement >38.5°C or sustained temperature >38.0°C over a
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1 h period) during the course of neutropaenia were entered into the study. Outpatients, patients who
had neutropaenia caused by a specific aetiology other than an adverse reaction to chemotherapy, and
patients who had episodes of FN without documented bacteraemia were excluded. Subjects were
allowed to re-enter the study after an initial episode of FN if they remained free of signs or symptoms
of infection for at least 7 days after completing the treatment for the first episode and if all causative

organisms, if any, were eradicated.

Definitions

Microbiological studies, which included 2 separate blood samples that were obtained from 2
different anatomical sites for culture, were performed at the onset of fever, according to standard
practice. In the absence of an indwelling central venous catheter, 2 blood samples were obtained from 2
distinct peripheral veins. When an indwelling central venous catheter was present, 1 blood sample was
obtained through this catheter, and a second sample was obtained from a peripheral vein. The
susceptibilities of the isolated pathogens to antibiotics were evaluated according to the
recommendations of the Clinical and Laboratory Standards Institute [8]. Bacteraemia caused by
coagulase-negative Staphylococcus spp. was diagnosed after 2 positive results from 2 independent
cultures. Bacteraemia indicated by 1 positive culture was considered to be diagnostic for the other
microorganisms. Polymicrobial BSI was characterised as a bacteraemic episode due to at least two
different pathogens isolated from the same blood sample. Multidrug-resistant (MDR) bacteraemia was
defined as a BSI with methicillin-resistant staphylococci or vancomycin-resistant enterococci for
Gram-positive bacteria or as resistance to >3 classes of antimicrobial agents for Gram-negative
bacteria. Clinical comorbidity was determined by the presence of heart failure, diabetes mellitus,
chronic pulmonary disease, chronic liver disease, or chronic renal failure. Profound neutropaenia was
characterised by an ANC <100 cells/mm?. The patients were divided into 2 groups based on their
chemotherapy regimens: a high-dose chemotherapy group that included patients who underwent
haematopoietic stem cell transplantation or induction chemotherapy and a standard-dose chemotherapy
group that included patients who underwent consolidation or maintenance chemotherapy. Nosocomial-
acquired FN was defined as the onset of FN after 48 hours of hospitalisation. The oral mucositis grade

was classified according to the World Health Organisation’s oral toxicity scale [9].
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Outcomes and follow-up

The primary outcome measure of the present study was SS at the onset of fever in
neutropaenic patients. SS was defined as persistent haemodynamic instability (systolic arterial pressure
<90 mmHg or a reduction in systolic blood pressure >40 mmHg from baseline) despite adequate fluid
resuscitation (30 ml per Kg of crystalloid) with at least 2 systemic inflammatory response syndrome
criteria [10]. The secondary outcome was mortality by day 28. Researchers who were not associated
with the assistant physician’s team conducted the patient follow-ups through interviews and medical
record reviews using a standardised data collection instrument. The follow-up was maintained for 28
days after the onset of fever in the neutropaenic patients. For the subjects who were discharged before
28 days, follow-up telephone calls were made on the 28" day after the onset of FN to determine
whether they remained alive; if a patient was deceased at the time of the phone call, the survival time

was calculated based on the date of death reported by the family.

Statistical analysis

Stepwise logistic regression analysis was performed to determine whether the microbiological
characteristics of BSIs were risk factors for SS at the time of FN. All clinical and microbiological
variables that had a P value <0.10 in the univariate analysis were included. In the multivariate model,
independent variables were eliminated from the highest to the lowest P value but remained in the
model if the P value was <0.05. Odds ratios (OR) were estimated with 95% confidence intervals (95%
CI). Kaplan-Meier curves were utilised to evaluate the time-dependent occurrence of death; the log-
rank test was applied for between-group comparisons. The statistical analysis was performed using

STATA version 12 (Stata Corp LP, USA).
Ethics statement
Written informed consent was obtained from all study participants. The institutional review

board of the Hospital de Clinicas de Porto Alegre approved the study.

RESULTS
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In total, 307 episodes of FN (in 169 patients) were evaluated; a total of 115 BSIs were
documented (37.4% of all episodes). Antibiotic prophylaxis was not administered to any patient. The
incidence of SS was 14.7% (17 episodes).

The characteristics of the study population and the specific pathogens responsible for all BSIs

in the present cohort are shown in Table 1. Subjects with haematological malignancies comprised
83.5% of the study population; haematopoietic stem cell transplantation was performed in 21.7% of the
cases. Forty-eight per cent of the study sample had some degree of chemotherapy-induced mucositis.
The proportion of nosocomial episodes of FN was 88.7%. In descending order, the predominant blood
isolates were Escherichia coli, coagulase-negative staphylococci, Klebsiella pneumoniae,
Pseudomonas aeruginosa, viridans streptococci, and Enterococcus spp. Among all BSIs evaluated, 38
cases were due to MDR bacteria (table 2): 4 cases in the SS group (23.5%) and 34 cases in the non-SS
shock group (34.6%). Methicillin resistance and the production of extended-spectrum beta-lactamase
were the most frequent types of antimicrobial resistance, occurring in 96.2% of BSIs involving Gram-
positive MDR bacteria and 83.3% of BSIs involving Gram-negative MDR bacteria, respectively.
A univariate analysis revealed that polymicrobial BSI (P=0.01) and bacteraemia by Escherichia coli
(P=0.04) were associated with the main outcome (Table 3). Multidrug-resistant (MDR) bacteraemia
was not associated with SS at the onset of FN with either the Gram-positive MDR or Gram-negative
MDR bacteria.

After multiple logistic regression analyses were performed (Table 4, model 1), the only
variable that constituted an independent risk factor for SS at the time of FN was polymicrobial BSI
(OR, 5.41, 95% CI, 1.48 — 19.79). A second logistic regression model was used to assess the effect of
specific pathogens on the development of SS without the inclusion of other microbiological variables
(Table 4, model 2). This model was conducted to avoid the dilution of the effect of specific pathogens
by other microbiological factors in the multivariate analysis. The specific blood isolates that were
independently associated with the main outcome were viridans streptococci (OR, 7.58, 95% CI, 1.34 —
42.80) and Escherichia coli (OR, 4.30, 95% CI, 1.34 — 14.48). The percentage of the polymicrobial
samples that included E. coli and viridans streptococci was 58.3% (7 cases) and 25% (3 cases),

respectively.

76



As expected, the 28-day mortality rate of the patients who presented with SS at the time of FN
was greater than that of the patients who did not present with SS (35.2% versus 14.2%, log-rank

P=0.01) (Figure 1).

DISCUSSION

The present prospective cohort study demonstrated that cancer patients with polymicrobial
bacteraemia were more likely to develop SS at the onset of FN. In particular, BSIs involving E. coli
and viridans streptococci were independently associated with SS at the time of FN. The 28-day survival
rate of the patients with SS at the time of FN was significantly lower than that of the patients who did
not present with SS.

Previous observational studies involving distinct populations have confirmed the influence of
microbiological aspects of BSIs on the hazards of SS. Consistent with the results of our study,
Leibovici et al. conducted a retrospective study involving more than 4000 episodes of bacteraemia in a
general population and found that the polymicrobial aetiology was predictive of SS [11]. Moreover, the
association of specific BSI by E. coli and viridans streptococci with SS in FN patients is feasible
because invasive infections by E. coli and viridans streptococci are often associated with significant
morbidity and mortality [12-15]. For example, the study of Marron et al. [15] reported an association
between viridans streptococcal bacteraemia and serious complications, such as SS and acute respiratory
distress syndrome, in neutropaenic patients receiving high-dose chemotherapy with cyclophosphamide
before allogeneic bone marrow transplantation.

Interestingly, none of the studied clinical characteristics was significantly associated with SS
at the time of FN in the multiple logistic regression analysis. These findings differ from the
immunocompetent patient studies in which the early development of SS was more frequent in the
subjects with advanced age and multiple comorbidities [4-6]. One possible explanation is the relative
homogeneity of our study population, which consisted of a large proportion of young patients with
haematological malignancies and a relatively low prevalence of associated comorbidities. This fact
highlights the need to identify the rapidly available clinical diagnostic features that can predict septic

shock in this setting.
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This study had some limitations. For example, we found a low incidence of bacteraemia by
Staphylococcus aureus and Pseudomonas aeruginosa, which are often associated with a poorer
prognosis in septic patients; therefore, our results should be interpreted with caution, as distinct virulent
bacteria may be found in other centres. Furthermore, this study was susceptible to biases that are
inherent to observational studies; however, the following factors minimised the possibility of
systematic errors: the proper measurement of variables and outcomes with previously defined objective
criteria, the use of standardised data collection, the implementation of a follow-up by a research team

that was not related to the care provided, and the use of multivariate analyses.

CONCLUSIONS

The aetiology of BSIs is an important risk factor for SS at the onset of FN in adult cancer
patients. Polymicrobial BSI, particularly bacteraemia by E. coli and viridans streptococci, are the risk
factors for SS at the onset of FN.

Identifying the microbiological factors associated with SS in FN is of paramount importance
to clinicians, as this knowledge can determine the preventative measures to avoid BSI by specific
highly virulent pathogens and the best choice of empiric antimicrobial therapy.

Future studies are required to assess other possible risk factors for the early onset of SS in the
context of FN and to determine whether specific interventions based on the early identification of
highly virulent bacteria could result in an effective method to prevent SS and its characteristically

pronounced mortality rates.
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Table 1. Study population characteristics and microorganisms isolated in 115 cases of febrile

neutropenia (FN) in hospitalised cancer patients with documented bloodstream infection.

Age, mean years + SD 429+ 14.1

Female sex 52 (45.2)

Type of cancer

Acute myeloid leukaemia 59 (51.3)
Acute lymphoblastic leukaemia 19 (16.5)
Chronic myeloid leukaemia 7 (6.1)
Multiple myeloma 11 (9.6)
Lymphoma 15 (13.0)
Other solid tumours 4 (3.5)
Relapsing underlying disease 59 (51.3)
Clinical comorbidity 36 (31.3)

Phase of chemotherapy

Induction 27 (23.5)
Consolidation 37 (32.2)
Maintenance 26 (22.6)
HSCT 25 (21.7)

Oral mucositis

Without oral mucositis 59 (51.3)

Grade I 33(28.7)
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Grade I1 10 (8.7)
Grade III
6(5.2)
Grade IV
7 (6.1)
ANC at the time of diagnosis of FN, mean cells/mm?* + SD 206.1 +218.5
Profound neutropenia at the time of diagnosis of FN * 52 (45.2)
Nosocomial-acquired episodes of FN 102 (88.7)
Bloodstream isolates ¥
Escherichia coli 48 (41.7)
Coagulase-negative staphylococci 36 (31.3)
Klebsiella pneumonia 13 (11.3)
Pseudomonas aeruginosa 11 (9.5)
Viridans strepcococci 8(6.9)
Enterococcus spp 434
Serratia spp 2(1.7)
Enterobacter spp 2(1.7)
Candida spp 2(1.7)
Salmonella spp 1(0.8)
Staphylococcus aureus 1(0.8)
Kocuria varians 1(0.8)
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Data presented as n (%) unless otherwise indicated. SD = Standard deviation; ANC = Absolute
neutrophil count; HSCT = Hematopoietic stem cell transplantation; * ANC < 100 cells/mm?; 1 There

were 12 cases of polymicrobial bloodstream infections.
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Table 2. Multidrug-resistant bacteria isolated in 38 cases of bacteraemia in febrile neutropaenic

patients.

Microorganism

No. isolated (%)

Gram-positive

MR Coagulase-negative staphylococci 25 (65.7)
MR Staphylococcus aureus 1(2.6)
VR Enterococcus faecalis 1(2.6)
Gram-negative

Escherichia coli ESBL 7(18.4)
Klebsiella pneumoniae ESBL 3(7.8)
Enterobacter spp. 1(2.6)
Serratia spp. 1(2.6)

MR = methicillin resistant, VR = vancomycin resistant, ESBL = extended-spectrum beta-lactamase.

There was 1 case of polymicrobial multidrug-resistant bacteraemia.
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Table 3. Univariate analysis of the risk factors for septic shock (SS) at the time of febrile

neutropenia (FN) in hospitalised cancer patients.

Variable SS group Non-SS OR (95% CI) P value
(n=17) group (n=98)
Age, years, mean = SD 43.4+16.0 42.8+13.8 1.00 (0.96 — 1.04) 0.87
Female sex 10 (58.8) 42 (42.8) 1.90 (0.66 — 5.41) 0.22
Haematological neoplasm 13 (76.4) 83 (84.6) 0.58 (0.16 — 2.04) 0.40
Relapsing underlying disease 10 (58.8) 49 (50.0) 1.42 (0.50 — 4.05) 0.50
Clinical comorbidity 2(11.7) 34 (34.6) 0.25(0.05—-1.16) 0.07
High-dose chemotherapy regimens * 5(294) 47 (47.9) 0.45 (0.14 - 1.38) 0.16

Oral mucositis

Grade I 4 (23.5) 29 (29.5) 0.76 (0.21 —2.71) 0.68
Grade I1
2 (11.7) 8 (8.1) 1.38 (0.25-17.63) 0.70
Grade III
Grade IV 1(5.8) 5(.1) 1.11 (0.11 —10.66) 0.92
1(5.8) 6 (6.1) 0.92 (0.09 —8.63) 0.94
ANC at the time of diagnosis of FN, mean + SD 161.7+219.0 | 213.8 £218.7 0.99 (0.99 — 1.00) 0.36
Profound neutropenia at the time of diagnosis of FN 9 (52.9) 43 (43.8) 1.43 (0.51 — 4.04) 0.49
BSI involving Gram-positive bacteria 6(39.2) 40 (40.8) 0.79 (0.27 -2.31) 0.66
BSI involving Gram-negative bacteria 14 (82.3) 60 (61.2) 2.96 (0.79 - 10.97) 0.10
Polymicrobial BSI 5(29.4) 7(7.1) 5.41(1.48-19.79) 0.01
MDR BSI 4 (23.5) 34 (34.6) 0.57 (0.17—-1.91) 0.37
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BSI involving Gram-positive MDR bacteria 3(17.6) 24 (24.4) 0.66 (0.17 —2.49) 0.54
BSI involving Gram-negative MDR bacteria 1(5.8) 11(11.2) 0.49 (0.05 - 4.09) 0.51
BSI by Escherichia coli 11 (64.7) 37 (37.7) 3.02 (1.03 - 8.85) 0.04
BSI by coagulase-negative staphylococci 4(23.5) 32 (32.6) 0.63 (0.19-2.10) 0.45
BSI by Klebsiella pneumoniae 3(17.6) 10 (10.2) 1.88 (0.46 — 7.70) 0.37
BSI by Pseudomonas aeruginosa 2(11.7) 9(9.1) 1.31 (0.25-6.70) 0.73
BSI by viridans streptococci 3 (17.6) 5(5.1) 3.98 (0.85 - 18.54) 0.07

Data presented as n (%) unless otherwise indicated. ANC = Absolute neutrophil count; BSI =

Bloodstream infection; HSCT = Haematopoietic stem cell transplantation; MDR = Multidrug-resistant;

OR = Odds ratio; 95%CI = 95% confidence interval; SD

chemotherapy or HSCT; ¥ ANC < 100 cells/mm?.

Standard deviation. * Induction
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Table 4. Multiple logistic regression analysis of the risk factors for septic shock (SS) at the time of

febrile neutropenia (FN) in hospitalised adult cancer patients.

Model 1
Risk factor Adjusted OR 95% CI P value
Polymicrobial BSI 5.41 1.48 - 19.79 0.01
Model 2
Risk factor Adjusted OR 95% CI P value
BSI by Escherichia coli 4.30 1.27 - 14.48 0.01
BSI by viridans streptococci 7.58 1.34 -42.80 0.02

OR = odds ratio; 95%CI = 95% confidence interval; BSI = Bloodstream infection.
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ABSTRACT

We conducted a prospective cohort study in a single tertiary hospital with the aim of assessing
predictors of multidrug-resistant bacteraemia in 307 cases of febrile neutropaenia in adult patients with
cancer. After multivariate analysis using the stepwise logistic regression, age (P = 0.009), duration of
neutropaenia (P = 0.022), and the presence of an indwelling central venous catheter (P = 0.022) were

associated with bloodstream infection by MDR bacteria.

Keywords: Immunocompromised host; drug resistance, bacterial; bacteraemia; risk factors; fever;

neutropaenia.
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INTRODUCTION

The aetiology of bloodstream infections (BSIs) in patients with cancer and febrile
neutropaenia (FN) has changed over the past 40 years (1). Recently, a notable increase in antimicrobial
resistance among gram-negative and gram-positive bacteria has been reported (2). Methicillin
resistance and the production of extended-spectrum beta-lactamase (ESBL) have emerged as the most
frequent mechanisms of antimicrobial resistance in this setting; however, other types of multidrug
resistance, such as vancomycin resistance and the production of carbapenemases, have also been
described (2-4). Unfortunately, few data are available concerning the risk factors for multidrug-
resistant bacteraemia in the context of FN. To this end, we investigated the predictors of MDR

bacteraemia in adult cancer patients with FN admitted to a tertiary hospital.

METHODS

A prospective cohort study was conducted in the haematology ward of Hospital de Clinicas de
Porto Alegre, which is a tertiary referral centre for bone marrow transplantation in southern Brazil. We
screened all consecutive subjects admitted from October 2009 to August 2011. Patients aged > 18 years
with neutropaenia secondary to cytotoxic chemotherapy (absolute neutrophil count [ANC] < 500
cells/mm? or < 1000 cells/mm’ with an expectation of decreasing to < 500 cells/mm? during the next 48
hours) and fever (a single axillary temperature measurement > 38.5°C or temperature of > 38.0°C
sustained over a 1-hour period) were eligible for this study.

Microbiological studies were performed at the onset of fever according to standards of
practice and included two separate blood samples from two different sites. In the absence of an
indwelling central venous catheter, the two blood sets were obtained from two distinct peripheral veins.
When an indwelling central venous catheter was present, one set of samples for blood culture was
obtained through an indwelling central venous catheter and another set was collected from a peripheral
vein. The susceptibilities of the isolated pathogens to antibiotics were evaluated according to the
recommendations of the Clinical and Laboratory Standards Institute (CLSI) (5). Bacteraemia resulting
from coagulase-negative Staphylococcus spp. was diagnosed after 2 positive results from 2

independent cultures. Bacteraemia with one positive culture was considered diagnostic for other
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microorganisms. Nosocomial-acquired FN was defined as the onset of FN after 48 hours of
hospitalisation. Clinical comorbidity was defined by the presence of heart failure, diabetes mellitus,
chronic pulmonary disease, chronic liver disease, or chronic renal failure. The grade of oral mucositis
was classified according to the World Health Organization’s oral toxicity scale (6).

The primary outcome of the study was MDR bacteraemia, which was defined as a BSI that
was the result of methicillin-resistant staphylococci or vancomycin-resistant enterococci for gram-
positive bacteria or as resistance to > 3 classes of antimicrobial agents for gram-negative bacteria.

A stepwise backward logistic regression analysis with a limit of 0.10 was performed to determine if the

characteristics related to the host or FN episode were risk factors for BSIs caused by MDR bacteria.

RESULTS

Three hundred and seven episodes of FN were evaluated. Antibiotic prophylaxis with
fluoroquinolones was not administered to any patient. During the study period, 115 BSIs were
documented. The predominant pathogens were Escherichia coli (38.2%), coagulase-negative
Staphylococcus spp. (31.3%), Klebsiella pneumoniae (11.3%), Pseudomonas aeruginosa (9.5%), and
Streptococcus spp. (6.0%).

Among all BSIs evaluated, 38 episodes (33.0%) were caused by MDR bacteria; of these,
68.4% were caused by gram-positive bacteria, 29.0% were caused by gram-negative bacteria, and 2.6%
were caused by both gram-positive and gram-negative bacteria. All of the MDR bacteria isolated in this
study are listed in Table 1. Methicillin resistance and the production of ESBL were the most frequent
types of antimicrobial resistance, occurring in 70.2% of staphylococci and 13.5% of all gram-negative
isolates, respectively.

After logistic regression analysis was performed, age (P=0.009), the duration of neutropaenia
(P=0.022), and the presence of an indwelling central venous catheter (P=0.022) were significantly
associated with a BSI caused by MDR bacteria (Table 2). Each increase of one year in age and one day
in the duration of neutropaenia raised the risk of MDR bacteraemia by 3% and 2%, respectively.

The sub-analysis of the main outcome revealed that age (OR, 1.04; 95%CI, 1.01-1.08) and the presence
of an indwelling central venous catheter (OR, 8.05; 95%CI, 1.05-61.26) were independently associated

with bacteraemia caused by MDR gram-positive bacteria. In addition, the duration of neutropaenia
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(OR, 1.04; 95%CI, 1.01-1.07) was independently associated with bacteraemia caused by MDR gram-

negative bacteria.

DISCUSSION

This study showed that older patients with prolonged neutropaenia and patients with an
indwelling central venous catheter were more likely to develop a BSI caused by MDR bacteria. In
particular, age and the presence of an indwelling central venous catheter were associated with gram-
positive MDR bacteraemia, while prolonged neutropaenia was associated with gram-negative MDR
bacteraemia.

Although our results seem to differ from those of previous publications, studies on the risk
factors for MDR bacteraemia in patients with FN are heterogeneous, and these differences may reflect
the influence of local epidemiology. In a prospective multicenter study in 91 hematopoietic stem cell
transplant recipients with bacteremia, Oliveira et al. (7) found that previous exposure to third-
generation cephalosporins was associated with an increased risk of MDR gram-negative bacteraemia.
In our institution, there is a restriction policy for third-generation cephalosporin use that became
effective in 2003. In addition, El-Mahallawy et al. (8) found that a reduced ANC, , and previous
exposure to antibiotics, and in particular prolonged duration of neutropaenia extending for more than 7
days were associated with a BSI due to a MDR gram-negative bacteria among 239 episodes of
bacteremia (75% gram-positive organisms versus 25% gram-negative organisms) in children with
cancer and FN. In contrast to these previous studies, our study has shown that the presence of an
indwelling central venous catheter was a risk factor for a BSI due to MDR gram-positive bacteria,
which may be explained by the high incidence of methicillin-resistant coagulase-negative
staphylococci in our institution. Additionally, the finding that age and prolonged neutropaenia were
risk factors for a BSI due to MDR gram-negative bacteria has scientific plausibility, as both factors are
associated with a decreased host’s response to infection.

The improvement of preventative measures to avoid catheter-related infections and the
appropriate use of less cytotoxic chemotherapy regimens with short periods of neutropenia could result

in effective ways to prevent MDR bacteraemia in patients with FN.
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Table 1. Multidrug-resistant bacteria isolated in 38 cases of bacteraemia in febrile neutropaenic

patients.

Microorganism

No. isolated (%)

Gram-positive

MR Coagulase-negative staphylococci 25 (65.7)
MR Staphylococcus aureus 1(2.6)
VR Enterococcus faecalis 1(2.6)
Gram-negative

Escherichia coli ESBL 7(18.4)
Klebsiella pneumoniae ESBL 3(7.8)
Enterobacter spp. 1(2.6)
Serratia spp. 1(2.6)

Note. MR = methicillin resistant, VR = vancomycin resistant, ESBL = extended-spectrum beta-

lactamase.

There was 1 case of polymicrobial multidrug-resistant bacteraemia.
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Table 2. Logistic regression analysis of the risk factors for multidrug-resistant bacteraemia in

hospitalised cancer patients with febrile neutropaenia.

Cases of Other cases Univariate analysis Multivariate analysis
Variables MDR (n=269) OR (95%CI) P OR (95%CI) P
bacteraemia
(n =38)
Age, mean years (SD) 46.21 (13.0) 39,97 (14,2) 1.03 (1.006-1.05) 0.013 1.03 (1.008-1.06) 0.009
Female sex (%) 18 (47.3) 131 (48.6) 0.94 (0.48-1.87) 0.878
Clinical comorbidity (%) 15 (39.4) 61 (22,6) 2.20 (1.08-4.48) 0.027
Relapsing underlying disease 18 (47.3) 137 (50.9) 0.86 (0.43-1.71) 0.681
(%)
Median ANC at the time of 170.0 (320.0) | 130(250.0) 1.0002 (0.99-1.001) 0.788
diagnosis of FN (IQR)
Duration of neutropaenia, 16.5 (15.0) 8 (10) 1.02 (1.005-1.05) 0.012 1.02 (1.003-1.05) 0.022
median days (IQR)
Nosocomial-acquired episode 35(92.1) 216 (80.2) 2.86 (0.84-9.66) 0.090
(%)
Antimicrobial treatment in the 12 (31.5) 98 (36.4) 0.80 (0.38-1.66) 0.560
last 30 days (%)
Previous hospitalisation in the 12 (31.5) 108 (40.1) 0.68 (0.33-1.42) 0.313
last 30 days (%)
Presence of an indwelling 36 (94.7) 207 (76.9) 5.39 (1.26-23.02) 0.023 5.56 (1.28-24.18) 0.022
central venous catheter (%)
Presence of mucositis* (%)
9(23.6) 73 (27.5) 0.65 (0.29-1.48) 0.313
- QGradel
1(2.6) 27 (10.0) 0.19 (0.02-1.48) 0.114
- Gradell
1(2.6) 15 (5.5) 0.36 (0.04-2.85) 0.335
- Grade III
1(2.6) 11 (4.0) 0.49 (0.06-3.98) 0.507
- GradelIV
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Note. MDR = multidrug-resistant, OR= odds ratio, 95% CI = 95% confidence interval, SD = standard
deviation, IQR = interquartile range, ANC = absolute neutrophil count (cells/mm?), FN = febrile

neutropaenia. * According to the WHO’s oral toxicity scale (7).
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Figure 1. Survival curves according to the presence of septic shock at the time of febrile

neutropenia in hospitalised adult cancer patients.
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ABSTRACT

Objectives: Coagulase-negative staphylococci (CoNS) are currently the most common isolates from
the blood of patients with cancer and febrile neutropenia (FN). The present study sought to assess the
mortality associated with bloodstream infections (BSIs) by CoNS in cancer patients with FN.
Methods: We conducted a prospective cohort study in a single tertiary hospital from October 2009 to
August 2011. Follow-ups were performed on all of the adult patients who were admitted to the
hematology ward with cancer and FN. Bacteraemia by CoNS was defined as 2 positive results of 2
independent cultures. Twenty-eight days after the onset of FN, the mortality rates of the patients with
BSIs by CoNS were compared to those of patients with BSIs by other pathogens.

Results: In total, 169 subjects were evaluated. During the study period, 78 cases with BSIs were
documented. Twenty-three BSIs (29.4%) were a result of CoNS. CoNS-induced bacteremia resulted in
lower 28-day mortality compared with bacteraemia by other pathogens (4.3% vs. 32.7%; log-rank P =
0.009). In a Cox proportional hazards regression analysis, BSIs by CoNS were independently
associated with lower mortality (HR, 0.09; 95% CI, 0.01 to 0.74).

Conclusions: In adult patients with cancer and FN, BSIs by CoNS are associated with lower mortality

compared to BSIs by other pathogens.

Keywords: Immunocompromised host, Staphylococcus, bacteremia, fever, neutropenia, mortality

Introduction
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INTRODUCTION

Coagulase-negative staphylococci (CoNS) are currently the most common isolates from the
blood of patients with cancer and febrile neutropenia (FN) (1-3). Although bloodstream infections
(BSIs) by CoNS are often considered indolent (4), their impact on the mortality of
immunocompromised patients is not well established, particularly for patients with neutropenia
secondary to cytotoxic chemotherapy.

Nosocomial isolates of CoNS tend to be multidrug resistant, and many are only susceptible to
vancomycin (5,6). In an era of increasing antibiotic resistance, determining the actual virulence of BSIs
by CoNS in the context of FN is of paramount importance for the appropriate administration of
vancomycin, particularly in centres in which the prevalence of methicillin-resistant Staphylococcus
aureus is low. The aim of this study was to evaluate the relevance of BSIs by CoNS in the mortality of

adult patients with cancer and FN.

METHODS

Study design and participants

A prospective cohort study was conducted in the haematology ward of Hospital de Clinicas de
Porto Alegre, Rio Grande do Sul, a teaching hospital and tertiary referral centre for bone marrow
transplantation in southern Brazil. We screened all consecutive subjects admitted between October
2009 and August 2011. Patients aged > 18 years, with neutropenia (absolute neutrophil count < 500
cells/mm? or < 1000 cells/mm’ with an expectation of decreasing to < 500 cells/mm? during the next 48
h) and fever (a single axillary temperature measurement > 38.5°C or temperature of > 38.0°C sustained
over a 1-h period) were eligible for this study. We excluded subjects who were only receiving
palliative treatment, had an indication of outpatient treatment and had neutropenia due to an etiology in
addition to the manifestation of hematological malignancies or an adverse reaction to chemotherapy.

Patients were not allowed to reenter the study after a first episode of FN with documented BSI.

Definitions
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Microbiological studies were performed at the onset of fever according to standards of
practice and included two separate blood samples from two different sites. In the absence of an
indwelling central venous catheter, the two blood sets were obtained from two distinct peripheral veins.
When an indwelling central venous catheter was present, one set of samples for blood culture was
obtained through an indwelling central venous catheter and another set was collected from a peripheral
vein. S. aureus was identified using agar (blood agar and mannitol salt) via catalase and coagulase
tests. CoNS were identified by Gram stain, the presence of catalase, bacitracin resistance, and the
absence of free coagulase. The susceptibilities of the isolated pathogens to antibiotics were evaluated
according to the recommendations of the Clinical and Laboratory Standards Institute (CLSI) (7).
Bacteremia by CoNS was defined as 2 positive results of 2 independent cultures. Bacteremia in one
positive culture was considered diagnostic for other pathogens. Multidrug-resistant bacteremia was
defined as a BSI that was a result of methicillin-resistant Staphylococcus or vancomycin-resistant
Enterococcus for gram-positive bacteria or resistance to > 3 classes of antimicrobial agents for gram-
negative bacteria. The Multinational Association for Supportive Care in Cancer (MASCC) Risk Index
score was applied at the onset of fever to determine the risk of serious complications during FN (8);
episodes were classified as high risk if the score was less than 21 points. Clinical comorbidity was
defined as the presence of heart failure, diabetes mellitus, chronic pulmonary disease, chronic liver
disease, or chronic renal failure. Nosocomial-acquired FN was defined as the onset of FN after 48
hours of hospitalization. Patients with FN were treated according to the 2002 guidelines of the
Infectious Diseases Society of America (9). The initial antimicrobial treatment scheme was performed
with B-lactam monotherapy with antipseudomonal activity; vancomycin was recommended as part of
the initial empiric regimen only in cases with haemodynamic instability, suspected catheter-related
infection, or infection of the skin and soft tissue. Antibiotic prophylaxis with fluoroquinolones was not

administered to any patient.

Outcome and follow-up

The primary outcome of the study was mortality 28 days after the onset of FN. Patients were
followed up through interviews and medical record review with a standardised data collection
instrument by researchers who were not associated with the assistant physician’s team. Follow-up was

maintained for 28 days after fever began in neutropenic patients. Regarding patients who were
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discharged before completing 28 days, follow-up phone calls were made on the 28" day after the onset

of FN to determine whether they were still alive.

Statistical analysis

The chi-square and Fisher tests were used to compare categorical variables, and the Mann-
Whitney U test was used to compare continuous variables. Kaplan-Meier curves were used to calculate
the time-dependent occurrence of death. The log-rank test was used for comparisons between groups.
We used the multivariate Cox proportional hazards model to assess mortality, and all variables that had
a P value < 0.15 in a univariate analysis were included. In the multivariate model, independent
variables were eliminated from the highest to the lowest P value but remained in the model if the P
value was less than 0.05. Hazard ratios were estimated along with 95% confidence intervals. The

software used for the statistical analysis was STATA version 12 (Stata Corp LP, USA).

Ethical issues
Written informed consent was obtained from all study participants. The institutional review

board of Hospital de Clinicas de Porto Alegre approved the study.

RESULTS

In total, 169 patients were evaluated during the study period. During this time, 78 cases with
BSIs were documented: 96.1% secondary to cytotoxic chemotherapy (75 subjects) and 89.7%
occurring after 48 h of hospitalization (70 subjects). Patients with hematological malignancies
comprised 82% (64 subjects) of the study population. The proportion of patients who underwent high-
dose chemotherapy (induction chemotherapy or hematopoietic stem cell transplantation) was 53.8%
(42 subjects). The overall 28-day mortality associated with BSIs was 24.3% (19 subjects).
Of the total number of BSIs, 23 cases (29.5%) were caused by CoNS, of which 65.2% (15 cases) were
due to methicillin-resistant isolates. Other pathogens accounted for 70.5% of all BSIs (55 cases), and
the predominant microorganisms were Escherichia coli, Pseudomonas aeruginosa, Klebsiella

pneumoniae and Streptococcus spp (Table 1). The rate of BSIs caused by other multidrug-resistant
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pathogens was 18.1% (10 cases), and the production of extended-spectrum beta-lactamase was the
most frequent type of antimicrobial resistance (80.0%).

The characteristics of the groups of patients with BSIs by CoNS and BSIs by other pathogens
are shown in Table 2. Patients with BSIs by CoNS had a higher proportion of in vitro resistance of
blood isolates to initial antibiotic treatment compared to patients with BSIs by other pathogens. There
were no differences between the two study arms with respect to age, gender, presence of clinical
comorbidity, type of cancer, relapsing underlying disease status, phase of chemotherapy, absolute
neutrophill count at the time of diagnosis of FN, duration of neutropenia, proportion of nosocomial-
acquired episodes of FN, presence of indwelling central venous cateter, or MASCC score.

The 28-day mortality rate was significantly lower in the BSIs by CoNS group in comparison
with the BSIs by other pathogens group (4.3% vs. 32.7%; log-rank P = 0.009) (Figure 1).

In the univariate Cox proportional hazards model, some characteristics were associated with
28-day mortality during FN (Table 3). Patients who survived were more likely to have BSIs by CoNS
(P =0.03) or to receive a regimen of high dose chemotherapy (0.01). Presenting with relapsing disease
stages (P = 0.01) was significantly higher among nonsurvivors.

After the multivariate analysis was performed, the variables that constituted independent
predictors for mortality were presentation with relapsing disease stages (P = 0.008) and high-risk
MASCC score (P = 0.02). BSIs by CoNS were independently associated with higher survival rates (P
= 0.02). The assessment of whether mortality was attributable to infection was concordant in all 19

patients who died.

DISCUSSION

Despite a high incidence of methicillin resistance among CoNS isolates and the lack of
vancomycin during routine initial antibiotic treatment, this study demonstrated a lower 28-day
mortality rate for cancer patients with FN and BSIs by CoNS compared to BSIs by other pathogens.
The analysis of the characteristics of patients with FN showed a conservative bias with regard to the
hypothesis of the lower virulence of BSIs by CoNS. Both the rate of multidrug-resistance and the in

vitro resistance of blood isolates to the initial antibiotic administered were higher in the group of
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patients with BSIs by CoNS. Even so, bacteremia by CoNS was independently associated with higher
survival rates.

Although some publications have demonstrated concern in relation to a trend of increasing
methicillin resistance among CoNS isolates in FN (10,11), our study suggests a low virulence of CoNS,
even in the context of a high prevalence of methicillin resistance and the omission of a glycopeptide
from the initial empiric antimicrobial treatment. These findings are comparable with previous studies
that demonstrated a relatively benign clinical course of CoNS infections related to central vein catheter
infection in bone marrow transplantation recipients (12) and a lack of increase in mortality attributable
to CoNS bacteraemia in noncritical patients (13). Moreover, our study results may provide a possible
explanation for why randomised trials did not demonstrate a significant impact on mortality with the
empiric association of glycopeptides in the initial treatment for FN (14) because CoNS represents the
majority of gram-positive isolates in FN (1-3).

There are limitations to this study. Neither the initiation time of antibiotic therapy nor
antimicrobial modifications during the course of FN was controlled. Furthermore, this study is
susceptible to biases inherent to observational studies (selection, assessment, and confounding);
however, the appropriate measurement of variables and outcomes with previously defined objective
criteria, the use of standardised data collection, follow-up by a research team that was not related to
care, and multivariate analysis minimised the possibility of systematic errors.

Future studies are required to assess markers of virulence of BSIs by CoNS in patients with
FN and determine which patients would benefit from treatment with glycopeptides.

The appropriate use of vancomycin in patients with FN and BSIs by CoNS could be an important
strategy to avoid the horizontal spread of antibiotic resistance genes to more virulent bacteria, such as

Staphylococcus aureus.
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Table 1. Microorganisms isolated in 78 patients with febrile neutropenia and bloodstream

infection.

No.
Microorganism isolated
Coagulase-negative Staphylococcus spp 23
Other pathogens™*
Escherichia coli 27
Pseudomonas aeruginosa 9
Klebsiella pneumoniae 7
Streptococcus spp 5
Enterococcus faecalis 4
Enterobacter spp 2
Serratia spp 2
Candida spp 2

Salmonella spp
Staphylococcus aureus

Kocuria spp

Note. * There were 6 cases of polymicrobial bacteremia.
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Table 2. Comparison of variables between patients with bloodstream infection (BSI) by

coagulase-negative Staphylococcus spp and patients with BSI by other pathogens.

variables BSIs by CoNS BSIs by other pathogens P
(n=23) (n=55)

Age, mean years (SD) 47.0 (10.8) 41.4 (15.0) 0.08
Female sex (%) 10 (43.4) 27 (49.1) 0.65
Clinical comorbidity (%) 8(34.7) 12 (21.8) 0.23
Type of Cancer 0.66 *

Acute myeloid leukemia (%) 12 (52.2) 23 (41.8)

Acute linfoblastic leukemia (%) 3(13.0) 9(16.4)

Chronic myeloid leukemia (%) 1(4.3) 5(09.1)

Multiple myeloma (%) 3(13.0) 8 (14.5)

Lymphoma (%) 4(17.4) 6 (10.9)

Other solid tumors (%) 0(0) 4(7.3)
Relapsing underlying disease (%) 13 (56.5) 31 (56.3) 0.99
Phase of Chemotherapy 0.39 *

Induction (%) 8 (34.8) 10 (18.2)

Consolidation (%) 3(13.0) 14 (25.4)

Maintenance (%) 3(13.0) 16 (29.1)

HSCT (%) 9(39.1) 15 (27.3)
ANC at the time of diagnosis of FN, median cells/mm?
(IQR) 170 (260) 160 (290) 0.28
Median time in days to neutropenia recovery (IQR) 16 (17) 9(11) 0.20
Nosocomial-acquired episode of FN (%) 23 (100) 47 (85.4) 0.09
Presence of an indwelling central venous cateter (%) 22 (95.6) 44 (80.0) 0.09
High risk MASCC score T (%) 8(34.7) 21 (38.1) 0.77
In vitro resistance of blood isolates to initial antibiotic
treatment (%) 15 (65.2) 14 (25.4) 0.001
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Note. CoNS = coagulase-negative Staphylococcus spp; SD = standard deviation, HSCT =
hematopoietic stem cell transplantation; ANC = absolute neutrophill count; FN = febrile neutropenia;

IQR = interquartile range (P75 - P25); * chi-square test for goodness of fit; T score < 21 points.
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Table 3. Univariate analysis of risk factors for 28-day mortality in febrile neutropenic patients

with bloodstream infection.

variables Survival group Mortality group HR (95%CI) P
(n=59) (n=19)

Age, mean years (SD) 43.3 (13.9) 42.2 (14.9) 0.99 (0.96 - 1.03) 0.95

Female sex (%) 29 (49.1) 8(42.1) 0.76 (0.30 - 1.91) 0.57

Clinical comorbidity (%) 14 (23.7) 6 (31.5) 1.39(0.53 - 3.66) 0.50

Hematological neoplasm (%) 49 (83.0) 15 (78.9) 0.68 (0.22 - 2.06) 0.50

High dose chemotherapy regimens * (%) 37 (62.7) 5(26.3) 0.28 (0.10 - 0.79) 0.01

Relapsing underlying disease (%) 29 (49.1) 15 (78.9) 3.82(1.26 - 11.53) 0.01

ANC at the time of diagnosis of FN, median

cells/ mm* (IQR) 160 (260) 190 (360) 1.00 (0.99 - 1.002) 0.47

Median time in days to neutropenia recovery

(IQR) 11(13) 10 (19) 0.97 (0.92 - 1.02) 0.31

Nosocomial-acquired episode of FN (%) 55(93.2) 15 (78.9) 0.36 (0.12 - 1.10) 0.07

High risk MASCC score T (%) 19 (32.2) 10 (52.6) 2.31(0.94 - 5.70) 0.06

In vitro resistance of blood isolates to initial

antibiotic treatment (%) 21 (35.5) 8(42.1) 1.10 (0.44 - 2.73) 0.83

Bloodstream infection by CoNS (%) 22 (37.2) 1(5.2) 0.11 (0.01 - 0.83) 0.03

Note. HR = hazard ratio; 95% CI = 95% confidence interval; SD = standard deviation; ANC = absolute

neutrophill count; FN = febrile neutropenia; IQR = interquartile range (P75 - P25); CoNS = coagulase-

negative Staphylococcus spp; * induction or hematopoietic stem cell transplantation; f score < 21

points.
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Table 4. Multivariate analysis of risk factors for 28-day mortality in febrile neutropenic patients

with bloodstream infection.

variables Adjusted HR (95% CI) P

High risk MASCC score* 2.84 (1.14 - 7.06) 0.02
Relapsing underlying disease 4.46 (1.47 - 13.53) 0.008
Bloodstream infection by CoNS 0.09 (0.01 - 0.74) 0.02

Note. CoNS = coagulase-negative Staphylococcus spp; HR = hazard ratio; 95% CI = 95% confidence

interval; * score < 21 points.
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Figure 1. Survival curves of febrile neutropenic patients with bloodstream infection (BSI) by

coagulase-negative Staphylococcus spp (CoNS) and BSIs by other pathogens.
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7. CONSIDERACOES FINAIS

As 5 publicacdes abordadas nesta tese trazem resultados relevantes para a pratica clinica dos
profissionais envolvidos no manejo de pacientes com NF.

Assim como em pacientes criticamente enfermos, o tempo de inicio de antibioticoterapia
eficaz configura importante preditor de mortalidade em pacientes com NF secundéria & quimioterapia
citotoxica. A maior taxa de sobrevida dos pacientes que receberam antibioticoterapia nos primeiros 30
minutos apds inicio da febre comparativamente com aqueles que receberam antibioticoterapia entre 30
e 60 minutos refor¢a a necessidade de inicio imediato de antibioticoterapia empirica eficaz nesta
populacao.

Os achados de associa¢do de periodos prolongados de internagdo hospitalar com neoplasia
hematologica, regimes quimioterapicos de altas doses, dura¢do da neutropenia e bacteremia por Gram-
negativos também sdo relevantes uma vez em que estratégias voltadas para a prevencdo de periodos
prolongados de neutropenia e de infeccdo por patégenos multirresistentes podem ter impacto na
redu¢do do tempo de hospitalizagdo e, consequentemente, na redu¢do de custos assistenciais em
pacientes com NF.

A associagdo de bacteremia por Escherichia coli e Streptococcus viridans com choque séptico
no inicio da do quadro de NF ressalta a viruléncia destes patdégenos e a importancia da adequada
cobertura antimicrobiana contra Escherichia coli e Streptococcus viridans nos esquemas de
antibioticoterapia empirica de instituigdes com elevada incidéncia de infecgdes por estes patdgenos.

O risco aumentado de bacteremia por patdogenos multirresistentes em pacientes neutropénicos
com idade avangada, periodos prolongados de neutropenia e presenca de cateteres venosos centrais
sugere que o uso de esquemas de quimioterapia menos téxicos bem como a minimizag¢do do tempo de
uso de cateteres venosos centrais e a intensificacdo de medidas de prevencao de infec¢des relacionadas
a dispositivos venosos possam diminuir o risco de bacteremia por patdogenos multirresistentes.

Por fim, cabe ressaltar que bacteremia por Staphylococcus coagulase-negativo, apesar de ser
muito frequente em pacientes com NF, associa-se com um menor risco de morte quando comparado a
bacteremia por outros patégenos, confirmando que o Staphylococcus coagulase-negativo possui baixa

viruléncia mesmo em um contexto de imunossupressao.
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