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Neutropenic Fever Syndromes
International Immunocompromised Host Society 1990 

  Microbiologically documented infection
 Neutropenic fever with a clinical focus of infection
 An associated pathogen

 Clinically documented infection
 Neutropenic fever with a clinical focus (eg, cellulitis, 

pneumonia)
 Without the isolation of an associated pathogen

 Unexplained fever 
 Neutropenic fever with no clinical focus of infection
 No identified pathogen



Febrile Neutropenia

 Risk in HM patients:
Fever may be the only sign of infection

 Receiving cytotoxic therapy sufficient to adversely affect
 Myelopoiesis
 Developmental integrity of the gastrointestinal mucosa

 Lower or absent effect of the neutrophil-mediated 
component of the inflammatory response

Sickles EA et al Arch Intern Med 1975

 Critical importance:
 Early recognition and prompt treatment



Pathogenesis

 Direct effects of chemotherapy 
 On mucosal barriers and the immune system

 Chemotherapy-induced mucositis throughout the GI 
tract
 Seeding of the bloodstream from GI endogenous flora

 Immune defects 
 Neutrophils:

 Decreased number, chemotactic and phagocytic defects



 <0.5 x 109/l:  risk of infection
 <0.1 x 109/l:  high risk of infection

Neutrophils
X 109/l

Time (days)

0.5
0.1

maximum risk
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Modified from Bodey et al, Ann intern Med 1966

Neutropenia: a common risk factor for 
Infections

Dopo oltre 60 anni il concetto di 
neutropenia profonda e prolungata 

non è cambiato



Dysplastic vs normal PMN:
↓ fungicidal activity against yeasts 

↑ susceptibility to infections in myelodysplasia
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Pathogenesis of neutropenic enterocolitis

Intensive
Chemotherapy
Mainly Dauno

Neutropenia

Bowel wall
damage

Micozzi et al. Supp Care Cancer 1996 

Candida 

P. aeruginosa

Clostridium difficile

Clostridium septicum

St.aureus

Enterobacteriaceae



Hueso  et al,  Gut Microbes 2020 

 15 AML patients treated with 3+7
 This  human study revealed the deep impairment of 

the intestinal barrier with a transient epithelium 
damage associated with a prolonged loss of load, 
diversity, and function of the microbiota

 The murine model determined more precisely the 
specific impact of chemotherapy, which is 
characterized by a qualitative dysbiosis and physical 
barrier impairment that facilitates bacterial 
translocation

 These data support the concept that maintaining 
intestinal integrity in patients receiving an AML 
induction regimen and further chemotherapies 
could limit microbiota dysbiosis responsible for 
infectious disease and further complications such as 
GvHD after allo-SCT



869 FEBRILE EVENTS = 27.1%   

EVT %

Bacterial 301 34.6

Fungal 95 10.9

Viral 7 0.8

DTRF 48 5.5

FUO 386 44.4
Mixed infections 32 3.6

Fungi/Bacteria 23

Bacteria/Virus 6

Fungi/Virus 2

Bacteria/Fungi/Virus 1

TOTAL 869

Pagano et al. Ann Hematol 2011

Underlying Malignancy

Acute Lymphoblastic Leukemia 205

Acute Myeloid Leukemia 861

Chronic Myeloid Leukemia 64

Chronic Lymphocytic Leukemia 172

Lymphoma 953

Hodgkin’s Lymphoma 138

Myelodysplastic Syndromes 190

Multiple Myeloma 410

Chronic Myeloprolipherative Diseases 204

Total 3197

 19 EVALUABLE CENTERS for Epidemiological Analysis
 3197 NEWLY DIAGNOSED PATIENTS



Microbiology
 Blood Culture: positive in < 30% of febrile 

neutropenic episodes

 Urine, stool culture
Biomarkers

  C-Reactive protein (CRP) 
  Pro-inflammatory cytokines:TNF-α, IL-1, IL-6, IL-8, IFN-ɣ (?)
  Procalcitonin (PCT) 

Diagnostic Work-up



Diagnostic work-up

 A new standard lung X-ray
 Chest HRCT-scan (also in case of X-ray negative)
 CNS CT-scan (if clinically indicated)
 Bronchoalveolar lavage (if HRCT positive)
 Blood cultures for fungal infection
 Serum galactomannan 
 (1–3)-β-D-Glucan Assay
 PCR for Candida and Aspergillus

CNS, central nervous system; CT, computed tomography; PCR, polymerase chain reaction; HRCT, high resolution computed tomography.



Recommendation Strength
Patients with FUO not responding to an appropriate first-
line therapy after 72-96 h should undergo multislice or HR-
CT scan of the lungs and a CT scan of paranasal sinuses if 
symptoms or signs of sinusitis are present

A-II

CT scan must be available at a maximum of 24 h after 
clinical indication has been established  

A-II

In most cases, thoracic CT scan can be done without contrast 
media
(CT angiography may increase diagnostic specificity in 
patients with mold infection)

B-II

Maschmmeyer G et al. Ann Oncol 2015



“air crescent 
sign” 

“reversed halo 
sign”  

nodule consolidation/
GG opacities

nodule 
mass / consolidation / GGO
“halo sign” 
“air crescent sign”
“reversed halo sign”

imaging findings can overlap

“halo sign”

HRCT – findings for IFI 

Courtesy of Larici, Institute of Radiology, Catholic University, Roma.
GGO, ground glass opacity, HRCT, high-resolution computed tomography; IFI, invasive fungal infection.



Recommendation Strength

Bronchoscopy and BAL should be available within 24 h after 
clinical indication has been established 

B-III

Urgent need to start or modify antimicrobial therapy  should 
not be postponed by bronchoscopy and BAL

A-II

Bronchoscopy and BAL should only be carried out in 
patients without critical hypoxemia

B-II

Maschmmeyer G et al. Ann Oncol 2015

The detection rate of potential  pathogens from BAL samples has 
been described  to be 25%-50% or even higher



Marchesi et al. Am Hematol  2019

• BAL allows to identify a causal microbiological agent in 75% of cases
• BAL is a safe procedure even in this "difficult" population
• BAL-driven antimicrobial therapy is feasible in 61% of cases and allows to

improve the clinical outcome in terms of survival



Surveillance swab

C. Cattaneo et al. “Bloodstream infections in ss cancer patients colonized
by multidrug-resistant bacteria” Annals of Hematology (2018) 97:1717–1726

The identification of any bacterial colonizations present can allow for the best 
selection of the empirical antibiotic treatment, in such a way as to set up an adequate 

therapy that leads to a better therapeutic response.

Predictors of a greater likelihood of 
developing sepsis

Positive surveillance swab
perianal site
Isolated species
             Klebsiella pneumoniae carbapenemasi-    
produttrice

Acinetobacter baumannii
Klebsiella oxytoca
Pseudomonas aeruginosa

5 (9,8%)
4 (80%)

2 (33%)
1 (16%)
1 (16%)
1 (16%)

All patients developed widespread 
infection caused by the pathogen 

identified by the swab  

MDR-related BSI (n=36)



Microorganisms Total MDR 
isolates

Ceftazidime Ciprofloxacin Meropenem Amikacin Gentamicin 
Piperacillin/

tazobactam

Totala 834 517 (61.9) 335 (40.2) 675 (80.9) 663 (79.5) 606 (72.6) 555 (66.5) 256 (30.7)

Escherichia coli 440 315 (71.6) 147 (33.4) 436 (99.1) 394 (89.6) 355 (80.7) 360 (81.8) 75 (17.1)

Klebsiella pneumoniae 160 57 (35.6) 48 (30.0) 78 (48.7) 100 (62.5) 86 (53.7) 55 (34.4) 101 (63.1)

Pseudomonas aeruginosa 122 81 (66.4) 73 (59.8) 80 (65.6) 89 (72.9) 86 (70.5) 74 (60.6) 45 (36.9)

Enterobacter cloacae 31 23 (74.2) 24 (77.4) 29 (93.5) 31 (100) 28 (90.3) 23 (74.2) 4 (12.9)

Acinetobacter baumannii 14 1 (7.1) 5 (35.7) 5 (35.7) 5 (35.7) 6 (42.8) 3 (21.4) 9 (64.3)

Others 53 39 (73.6) 38 (71.7) 47 (88.7) 44 (83.2) 45 (84.9) 40 (75.5) 8 (15.1)

MDR isolates 256 20 (7.8) 7 (2.7) 99 (38.7) 106 (41.4) 72 (28.1) 36 (14.1) -

Antimicrobial susceptibility profiles of all Gram-negative bacteria and of the most frequently isolated and MDR bacterial isolates.
a Stenotrophomonas maltophilia isolates (n=14) were not reported (all isolates except one were susceptible to trimethoprim/sulfamethoxazole) and were considered MDR.

Trecarichi et al, Int J Antimicrob Ag 2023 



Fluoroquinolone Prophylaxis: How And Why (Not)

HOW:

Select the right patients

Consider the risk of adverse reactions

Preserve the host microbiome

WHY: 

Reduce the risk of febrile neutropenia

Reduce viral riactivation

Microbiologic decontamination

Antimicrobial 
resistance 



Bucaneve et al. NEJM 2005 

Fluoroquinolone prophylaxis: the beginning
Meta-analysis of 52 trials evaluating FQ prophylaxis among 1973-2004: 

- reduced risk for all-cause mortality (RR 0.52 [CI, 0.35 to 0.77])

- increased risk for strains resistant to the specific drug, not statistically significant (RR 
1.69 [CI, 0.73 to 3.92]) 

Double-blind, placebo-controlled trial in high 
risk neutropenic patients:

- reduction of patients with fever requiring 
empirical antibiotic therapy

- prevalence of Gram- FQ resistant bacteremia 
did not differ significantly

- no significant effect of levofloxacin in the 
reduction of mortality

Gafter-Gvili et al. Ann Intern Med 2005



 A total of 342 cases of monomicrobial EC 
BSI were included between January 2016-
December 2017

 The rate of resistance to third generation 
cephalosporin  among E. coli  isolates was 
25.7% (88/342). 

 30-day mortality rate: 7.1% (24/342) 

 30-day mortality rate: 13.6% (12/88) 
among E. coli resistant BSI patients vs. 
4.7% (12/254) among no-resistant BSI 
patients (P=0.004). 

Trecarichi et al. PlosOne 2019



Caro et al. Clin Lymph, Myeloma & Leuk 2022

Primary fluoroquinolone prophylaxis in newly 
diagnosed AML patients reduced the risk of neutropenic 

fever and systemic bacterial infections without 
increased antimicrobial resistance.

https://www.sciencedirect.com/topics/medicine-and-dentistry/antibiotic-resistance


Levofloxacin prophylaxis versus no prophylaxis in acute myeloid 
leukemia during post induction aplasia: a single center study

Urbino et al. MJHID 2023

This study showed that 
avoiding levofloxacin 

prophylaxis was not associated 
with an increased risk of 

induction death. Cumulative 
incidence of neutropenic fever 
was higher in non-prophylaxis 
group, while no difference was 

observed for BSIs. In the 
prophylaxis group we 

observed a higher incidence of 
FQ resistant organisms. 

N° (%)

Levofloxacin 

prophylaxis 

(Group A)

No levofloxacin 

prophylaxis 

(Group B)
OR (IC95%), p value

PATIENTS 315 58

Induction death 16 (5) 2 (3) 1.50 (0.34 – 6.70), 

p=0.284

Neutropenic fever 286 (91) 56 (97) 0.35 (0.08-1.52), p=0.162

Bloodstream 

infection (BSI)

84 (27) 20 (34) 0.69 (0.38 – 1.25), 

p=0.222

1 BSI 76 14 

2 BSI 8 6 

Septic shock 15 (5) 4 (7) 0.68 (0.22-2.11), p=0.499

TOTAL 

EPISODES OF 

BSI 

92 26 

Gram-positive 63 (68) 15 (58)

Gram-negative 28 (30) 10 (38)
0.66 (0.27 – 1.60), 

p=0.355

Polymicrobial 1 (2) 1 (4)

FQ Resistant 

bacteria

55 (59) 6 (22) 5.07 (1.87 – 13.73), 

p=0.001

Gram-negative

MDR

9 (31) 4 (36) 0.75 (0.15 – 3.70), 

p=0.727

Fever

O
S



IDSA guidelines In 2018
Taplitz et al. JCO 2018

NCCN guidelines In 2021

https://www.nccn.org/guidelines/category_3

Antibacterial prophylaxis is not recommended for patients with 
a low risk of overall infection. 

In patients deemed at intermediate or high risk, the NCCN 
Guidelines Panel advises that fluoroquinolone prophylaxis be 

considered in patients with an expected duration of 
neutropenia (absolute neutrophil count ˂1000/mcL) for more 

than 7 days.



SEIFEM 2012-A Prospective Follow-up of Acute Myeloid Leukemia 
with and without Invasive Aspergillosis in first Induction 

Candoni et al, Mycoses 2020

P = 
0.04

CONTROLS (80 pts)     24.4 months
IA  (40 pts) 12.1 months

Secondary endpoint: The better outcome in a 4-years follow-
up was observed in those patients of both groups that 

obtained a CR



Pagano et al, Haematologica 2017 

Historical cohorts (1999-2003) Present survey (2011-2015)
Patients Candidemia Attributable 

mortality
Case Fatality Rate Patients Candidemia Attributable 

mortality
Case Fatality Rate p-value

AML
124 (4.1%) 70 (1.5%) <0.001

3012 44 (1.5%) 4581 14 (0.3%) <0.001

44/124 (35%) 14/70 (20%) 0.02

ALL
22 (1.9%) 15 (1.6%) 0.60

1173 8 (0.7%) 954 0 (0%) 0.01
8/22 (36%) 0/15 0.008

NHL
21(0.6%) 42 (0.5%) 0.45

3457 4 (0.1%) 8452 10 (0.1%) 0.97

4/21 (19%) 10/42 (24%) 0.66

MM
3 (0.2%) 8 (0.3%) 0.43

1616 1 (0.06%) 2542 6 (0.2%) 0.18

1/3 (33%) 6/8 (75%) 0.20

TOTAL
170 (1.8%) 135 (0.8%) <0.001

9258 57 (0.6%) 16529 30 (0.18%) <0.001

57/170 (34%) 30/135 (22%) 0.03



Antifungal ECIL 2015 IDSA 2017 ECCMID 2018
Posaconazole A I Strong recommendation; high-

quality evidence 
AI

Itraconazole B I Strong recommendation; 
moderate-quality evidence

D II

Fluconazole B I Not recommended /

Voriconazole B II Strong recommendation; 
moderate-quality evidence

C II

L-AmB C II Not recommended C II 
(all doses)

ABCD C II Not recommended C III

Echinocandins C II Weak recommendation; low-
quality evidence 

C II 
(only Micafungin)

Aerosol L-AmB B I Not recommended /

Aerosol AmB A I against Not recommended B I 
(associated to Fluconazole)

AmB deoxycholate A II against Not recommended /

ECIL 5 update/ IDSA 2017/ECCMID 2017 
Antifungal drugs for Prophylaxis in AML

Maertens et al, ECIL 5, 2013; Patterson et al, CID 2016; Ullmann et al, CMI 2018



Interactions of mould-active azoles with co-administered 
chemotherapeutic agents and targeted therapies  

ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia; CYP3A4, cytochrome P450 3A4; D., dastinib; ECG, electrocardiogram; N., nilotinib; TKI, tyrosine kinase inhibitor; QTc, corrected QT interval. 
Adapted from Busca & Pagano. Exp Rev Anti-Infect Ther. 2018;16:531–542. 

Co-administered agent Interaction mechanism Effect Recommendations and actions

Vincristine Inhibition CYP3A4 Increased neurotoxicity Avoid combo

Cyclophosphamide Inhibition CYP3A4/2C9 ↑ Hepatotoxicity
↓ Activation to hydroxy-CTX

Monitor
Avoid combo

Imatinib Inhibition CYP3A4 ↑ Imatinib exposure Avoid combo

Dasatinib Inhibition CYP3A4 ↑ D. exposure,↑ QT interval Avoid combo, monitor ECG

Nilotinib Inhibition CYP3A4 ↑ N. exposure, ↑ QT interval Avoid combo, monitor ECG

Ponatinib Substrate CYP3A4 ↓ TKI dosage Avoid combo

Sorafenib Inhibition CYP3A4 No effect Monitor QTc

Midostaurin Inhibition CYP3A4 ↑ Adverse reaction Avoid combo, monitor QTc

Quizartinib Inhibition CYP3A4 ↑ Quizartinib exposure ↓ Dose (40 mg  20 mg)

Venetoclax Inhibition CYP3A4 ↑ Venetoclax exposure ↓ Dose 50% if moderate; 
75% if potent

ALL

AML



BMT, blood and  marrow transplantation; GVHD, graft-versus-host disease; IFD, invasive fungal disease; SMX, sulfamethoxazole; 
TMP, trimethoprim.
1. Clinicaltrials.gov NCT04368559 accessed 4 Feb 2021.

Prophylaxis in HSCT

REZAFUNGIN 
(N≅300)
400/200 mg once weekly

COMPARATOR
(N≅150)

400 mg fluconazole once daily* 

80 mg TMP/400 mg SMX once daily

*Patients with acute GVHD can be 
switched to posaconazole

Azole placebo

Bactrim® placebo

Rezafungin

Rezafungin Placebo

Azole*

Bactrim®

The ReSPECT Trial



Dry Powder Inhaler



Empiric Therapy

Outpatient management

 Combination of ciprofloxacine and 
amoxicillin/clavulanate

 Persistence of fever for more than 2-3 days 
prompts re-evaluation of antibiotics therapy 

 In case of signs and/or symptoms of infections, 
microbiological isolates, new onset of fever 
admission is mandatory

 Education of patients and care givers

ASCO/IDSA Taplitz et al JCO 2018



Inpatient management
 Beta-lactam with anti pseudomonal activity, among which piperacilline/tazobactam 

is associated with lower mortality

 «Addition of aminoglycoside is generally non recommended except in case of septic 
shock» (??!!??)

 Carbapenems are not recommended in absence of high suspicion of BSI caused by 
ESBL-producing Enterobacteriaceae

 Glycopepdides are not recommended yet in case of clinical  manifestations, CVC 
insertion or high suspicion of MRSA

Paul et al Cochrane Database Syst Rev 2010
Freifeld et al Clin Infect Dis 2011

Local epidemiology!

Empiric Therapy



2021



Nucci, MJHID 2021



Trecarichi et al Am J Hematol  2016

Predictors of mortality from K. pneumoniae BSI 
among patients with HM

Mortality 52.2%

A TIMELY AND TARGET TREATMENT IS THE 
MOST IMPORTANT PARAMETER TO 

IMPROVE MORTALITY !!!
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