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Objectives
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Neutropenia with chemotherapy
• Virtually all antineoplastic drugs in the treatment of malignant diseases have a deleterious 

effect on the proliferation of normal hematopoietic progenitor cells 
◦ Obliteration of the mitotic pool

◦ Depletion of the marrow reserve


• Antineoplastic drugs, glucocorticoids and irradiation also interfere with the function of non-
proliferating granulocytes, resulting in: 
◦ Decreased chemotaxis

◦ Diminished phagocytic capacity

◦ Defective intracellular killing


• Glucocorticoids seem to enhance granulocytopoiesis and mobilize the marginal and marrow 
pool reserve, but 
◦ reduce accumulation of granulocytes at site of infection (reduced adherence)

◦ diminished chemotactic activity

◦ decreased phagocytosis and intracellular killing
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What is the risk of infection as neutrophils counts fall?

4
Bodey GP, Buckley M, Sathe YS, Freireich EJ. Quantitative relationships between circulating 
leukocytes and infection in patients with acute leukemia. Ann Intern Med. 1966;64:328-340.



Febrile Neutropenia

▪ Single oral temperature ≥ 38.3° or temperature  ≥ 38.0 sustained over 1-hour 
▪ Absolute neutrophils count (ANC) = Total WBC x (% PMN + % banded neutrophils)


▪ Neutropenia: Absolute neutrophil count < 1500 cells/μL

▪ Severe neutropenia: 500 cells/μL, or an ANC expected to decrease to < 500 cells/μL in the 

next 48h

▪ Profound neutropenia: ANC < 100 cells/μL


▪ Frequency of fever episodes during hospital admission: 
▪ Solid tumor patients: 5-10%

▪ Non-leukemic, hematological malignancy 20-25%

▪ Acute leukemia patients: 85-95%
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Additional neutropenic fever definitions

▪ Microbiologically documented infection- Neutropenic fever with clinical focus of infection and 
associated pathogens


▪ Clinically-documented infection- Neutropenic fever with at clinical focus (e.g., cellulitis, 
pneumonia) but without isolation of an associated pathogen


▪ Unexplained fever- Neutropenic fever with neither a clinical focus of infection without an identified 
pathogen
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Pathogenesis
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Innate immune cells
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Contributory factors to the pathogenesis of 
neutropenic fever

▪ Direct effects of chemotherapy on mucosal barriers and the immune system

▪ Breeches in host defenses related to the underlying malignancy
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Bacterial flora
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WHO oral toxicity scale (mucositis)
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Grade 3 
Ulcers with extensive 

Erythema;

Cannot swallow food

Grade 1: 
Soreness and

Erythema

Grade 2: 
Erythema and ulcers,

Patient can swallow food

Grade 4 
Alimentation is not 

Possible



Mucosal barrier injury induced by  
cytostatic chemotherapy
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Sequence of infection in febrile neutropenia



Most common bacterial pathogens
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Seràgnoli Hematology Institute, Bologna

• Neutropenic fever 
• Infectious source documented in 20-30% of episodes

• Bacteremia documented in 10-25% of patients

• Aerobic Gram-positive and Gram-negative 



Most common sites of infection
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Seràgnoli Hematology Institute, Bologna
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CoNS 
Staphylococcus 
Enterobacteriaceae 
Viridans streptococci 
Anaerobes 
Enterococcus 
C. difficile 

Herpes simplex 
+/- Candida spp.

   Phase I 
(1-10 days)

MRSA 
VRE 
Resistant GNR 
S. maltophilia 

Herpes simplex 
Candida spp.

   Phase II 
(10-27 days)

   + Invasive moulds

   Phase III 
(> 27 days)

   +

Risk of infection vs. duration of 
neutropenia



Intracellular bacteria...

Mycobacterium tuberculosis

Atypical mycobacterium

Legionella spp.

Listeria monocytogenes

Salmonella typhi

Nocardia spp.

macrophages,

CD4+ T-helper lymphocytes

granuloma

Viruses...

Herpes simplex

Varicella zoster

Cytomegalovirus

HHV-6

Epstein-Barr

CD8+ cytotoxic T-cells

Parasites…

Toxoplasma gondii

Cryptosporidium

Leishmania

Fungi...

Candida spp.

Endemic fungi

Cryptococcus 
neoformans

P. jiroveci

Adenovirus

Polyomaviruses

Influenza

Parainfluenzae

RSV


Examples of common predisposing conditions-drugs: AIDS, allogeneic HSCT, high-dose  

corticosteroids, purine analogue chemotherapy (fludarabine), polyclonal and monoclonal T-cell 
depleting antibodies, temozolamide, T-cell depleting antibodies (alemtuzumab) 

These pathogens are not covered by typical empiric regimens used for febrile neutropenia!

Caveat: Additional Pathogens of Concern in Patients with 
Suppressed Cell-Mediated Immunity



NCCN Clinical treatment guidelines 2022
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Bucaneve G, Micozzi A, Menichetti F, et al. Levofloxacin to 
prevent bacterial infection in patients with cancer and 
neutropenia. N Engl J Med 2005; 353:977–987.



At what point of resistance does prophylaxis  
not work?
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P. aeruginosa

E. coli



Other potential problems with fluoroquinolone 
prophylaxis besides resistance

▪ Decreased sensitivity of culture

▪ Microbiome effects?

▪ Increased risk of C. difficile colitis?

▪ QTc interval prolongation

▪ SMP labeling warnings for increased risk of aortic dissection, tendon
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Clinical diagnosis and  
management
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NCCN Clinical treatment guidelines 2022



Skin lesions in neutropenic patients
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Ecythyma gangrenosum

Most common

(P. aeruginosa)

(Invasive molds-Aspergillus, Fusarium)




NCCN Clinical treatment guidelines 2022 
Risk assessment
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What is my patient’s risk of serious complications?



General risk groups

▪ Low risk

▪ Severely neutropenic (ANC < 500 cells/μL) < 7 days

▪ MASCC score > 21

▪ No comorbidities or renal/hepatic dysfunction

▪ Includes most patients receiving chemotherapy for solid tumors


▪ High-risk

▪ Severely neutropenic (ANC < 500 cells/μL) > 7 days

▪ MASCC score < 21

▪ Ongoing comorbidities or other risk factors

27



28

Risk stratification
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Outpatient management: Low risk
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Vesicular lesions
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Vesicular lesions
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Periorbital swelling → aggressive fungal disease
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Neutropenic enterocolitis (typhlitis)
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Pre-engraftment infections: pneumonia

Acute 
Bacterial 

Thromboembolic

Hemorrhage

Sub-acute 
Bacterial (resistant)

Fungal

Nocardia

Tuberculosis

Tumor

(Late PCP, radiation,

Drug-induced)

BOOP

Peribronchovascular 

infiltrates

Acute 
Pulmonary edema

Leukagglutination

 rxns

Engraftment rxns

DAH

Sub-acute 
Viral 

PCP

Radiation

Drug-induced

Consolidation Nodular infiltrates

Acute 
Bacterial

(Pseudomonas,

 S. aureus)

Sub-acute 
Fungal

Nocardia

Tuberculosis

(PCP)

Tumor
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Bronchoscopy: Timing is critical

• Identifying uncommon pathogens and 
unsuspected pathogens requiring 
unique therapy 

•  Administering correct therapy 
•  Discontinuing inappropriate therapy 
•  Determining duration of therapy 
• Modifying intensity of therapy (dose,  

combination) 
•  Preventing spread of MDR pathogens 

to other patients

 501 consecutive allo HSCT patients

Early= within 4 days

Late > 4 days.                           


Highest yield in first 24h
Shannon VR et al. Bone Marrow Transplant 2010; 45:647–655. 



Community respiratory viruses
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• Influenza, parainfluenza, RSV, human meta-pneumovirus, 
SARS.CoV-2 

• Nasopharyngeal wash for respiratory viral panel

• Sinus/chest CT

• Respiratory isolation

• Virus-specific management, delay chemotherapy if possible
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Persistent neutropenic fever
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F

A

I

L

False diagnosis

Allergy

Infections with 

resistant pathogens

Localized problems

(i.e. prosthetic materials)


