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The incidence of sepsis is 16.4 cases per 1000 cancer patients per year, 
with in-hospital mortality of 37.8% in severe cases

Infections are one of the leading causes of mortality in cancer patients 
and the rate of fatal infections is approximately three times higher 

than that of the general population



Mortality rates of fatal infection among cancer patients
by year of cancer diagnosis

Zheng Y. et al. Fatal Infections among Cancer Patients: A Population-Based Study in the United 
States. Infect. Dis. Ther. 2021



This underscores the importance of appropriate management 
of infections in cancer patients.

National Comprehensive Cancer Network NCCN Clinical Practice Guidelines in Oncology. 
Prevention and Treatment of Cancer-Related Infections 1. 2021

There are a number of differences between patients with solid tumors and those 
with hematologic malignancies.

the neoplastic process of those with solid tumors does not 
involve the effectors of the host immune system

the therapy of solid tumors usually does 
not lead to prolonged neutropenia

Bloodstream infections are significantly more common in patients with hematologic malignancies than 
in those with solid tumors. 

Interestingly, while there is a significant downward trend in bloodstream infection in hematologic 
patients over time, the incidence remains stable in patients with solid tumors



Consequently, the incidence of infections in patients with solid tumors 
is significantly lower compared to hematologic patients

Highlights

•Bacteraemia in neutropenic cancer patients was mainly due to gram-negative bacilli.

•MDR gram-negatives were more frequent in patients with haematological malignancies.

•Pneumonia due to Pseudomonas aeruginosa was more common in patients with solid tumours.



Prophylactic use of antibiotics is, therefore, rarely used 
for patients with solid tumors

A possible exception is the use of trimethoprim/sulfamethoxazole for the prevention
of Pneumocystis jirovecii pneumonia in patients receiving temozolomide together with
radiation therapy, and moderate-to-high-dose corticosteroid therapy (prednisone equivalents
≥ 20 mg for ≥4 weeks)

National Comprehensive Cancer Network NCCN Clinical Practice Guidelines in 
Oncology. Prevention and Treatment of Cancer-Related Infections 1. 2024



Risk Factors for 

Infections in Patients 

National Comprehensive Cancer Network NCCN Clinical Practice Guidelines in Oncology. 
Prevention and Treatment of Cancer-Related Infections 1. 2021



National Comprehensive Cancer Network NCCN Clinical Practice Guidelines in Oncology. 
Prevention and Treatment of Cancer-Related Infections 1. 2024



Disruption of Anatomic Barriers

Mucositis is another important factor increasing the risk of bloodstream infections. 

Mucosal barriers in the gastrointestinal, urogenital, and respiratory tract constitute the 

first line of host defense against various pathogens.

Coexisting neutropenia allows for the rapid development of severe infections

Chemotherapy-induced mucositis is associated with an increased risk of infections 

caused by 

viridans group streptococci, gram-negative rods, and Candida spp.

Rolston K.V.I. Infections in Cancer Patients with Solid Tumors: 
A Review. Infect. Dis. Ther. 2017

Although the risk and grade of mucositis is higher in hematologic patients receiving high-dose 
chemotherapy regimens with autologous hematopoietic stem cell transplantation, some of the 
cytotoxic drugs used in the therapy of solid tumors can induce mucositis. These include 5-fluorouracil, 
capecitabine, cyclophosphamide, ifosfamide, cisplatin, carboplatin, docetaxel, paclitaxel, and 
vinorelbine



Neutropenia

Severe neutropenia is defined as the ANC of <500 cells/mm3 according to the 

Common Terminology Criteria for Adverse Events (CTCAE)

A drop of ANC below this threshold is associated with 

an increased risk of infections 

The incidence and severity of infections are inversely related to ANC, 

with the highest risk when ANC drops below 100 cells/mm3 

Duration of neutropenia is another important risk factor

Chemotherapy regimens resulting in neutropenia lasting >10 days 

are considered high risk

However, most regimens used in the therapy of solid tumors result in 

neutropenia lasting <7 days and are therefore considered low risk

National Comprehensive Cancer Network NCCN Clinical Practice Guidelines in Oncology. 
Prevention and Treatment of Cancer-Related Infections 1. 2021



Neutropenia is defined as an absolute neutrophil count (ANC) < 500 cells/mm3  or 

an expected ANC of < 500 cells/mm3  within the next 48 hours.

Chemotherapy-induced neutropenia and mucositis can lead to invasive infection 

most often with bacteria and fungi

Neutropenic fever occurs in 10-50% with solid tumors and >80% of patients with 

hematological malignancies and those receiving hematopoietic stem cell 

transplant (HCT).



Patient-related risk factors

Factors that were found independently associated with development of fever during neutropenia in multivariable

analyses of either the majority of studies or the majority of patients in studies testing that risk factor



Neutropenic and infectious events during first 4 cycles. Cycle specific events and

cumulative events are presented.



Predisposing factors for bloodstream infections in neutropenic and non-neutropenic 
patients within 48 h before bloodstream infection



Prophylaxis

G-CSF

- Risk of febrile neutropenia > 20%

- Risk of febrile neutropenia 10 – 20% with associated risk factor such as 

                                               - ≥ 65 years

                                               - coexisting illness (renal, hepatic or cardiac   

                                                                              dysfunction)

                                               - preexisting condition (infection, open wound or 

                                                 recent surgery)

                                               - compromised marrow reserve



indications for primary prophylaxis of FN

with G-CSF

Several meta-analyses indicate that primary prophylaxis with GCSF (i.e. G-CSF administered
immediately after cycle 1 of ChT) reduces the risk of FN by at least 50%

Algorithm to decide primary prophylactic 

granulocyte colonystimulating factor usage, 

adapted from European Organisation for 

Research and Treatment of Cancer guidelines. 

FN, febrile neutropaenia; G-CSF, granulocyte

colony-stimulating factor. 

Most guidelines recommend that 

G-CSF be administered

prophylactically if the risk of FN is 

>20% for all planned cycles

of treatment



Prophylaxis

G-CSF

Filgrastim 5 µg/kg/day per subcutaneous injection starting 24-72 hours after 

chemotherapy until count recovery

Pegfilgrastim 6 mg subcutaneous once 24 hours after discontinuation of 

chemotherapy



Antibacterial Prophylaxis
Indications

- Anticipate ANC ≤ 100 cells/mm3 for > 7 days

  (most commonly HCT recipients and patients undergoing induction therapy for acute  leukemia)

Levofloxacin 500 – 750 mg po/iv q24h  
or

Ciprofloxacin 500-750 mg po/iv x 2/day

  



Kaplan-Meier analysis of time to infectious complications during induction for 
each antibiotic prophylaxis group.

Clin Infect Dis, 
Volume 65, Issue 11, 1 

December 2017



Anti-candidal Prophylaxis

Indications

  Acute Leukemia undergoing intensive induction or reinduction

Allogenic HCT recipients until engraftment when mold-active prophylaxis is not 
felt to be indicated

Autologous HCT recipients with mucositis pre-engraftment

Fluconazole 400 mg 

po/iv q24h

until recovery of 

neutropenia



Anti-candidal Prophylaxis

  
Caspofungin, Micafungin or Anidulafungin

Itraconazole 200 mg po x 2/day 

Posaconazole 300 mg po daily

Voriconazole 200 mg po/iv x 2/day

Liposomal Amphotericin B 3-5 mg/kg/day iv



Anti-aspergillus Prophylaxis

Indications

  Acute Myeloid Leukemia with neutropenia

Myelodysplastic Syndromes with neutropenia

Allogenic HCT recipients

Posaconazole 300 mg po daily



Anti-aspergillus Prophylaxis

  
Voriconazole 200 mg x 2/die

Itraconazole 200 mg x 2/die

Inhaled Amphotericin B 12.5 mg on 2 consecutive days/week



Antiviral Prophylaxis

Indications

  HSV – seropositive patients 

undergoing allogenic HCT

or

Induction for acute leukemia

Aciclovir 800 mg po x 2/die or Aciclovir 400 mg po x 4/die

or

Valacyclovir 500 mg po x 3/die or Famciclovir 250 mg po x 2/die



Antiviral Prophylaxis

Indications

  Prevention of CMV in HSCT patients receiving an allogenic transplant

Risk factors:

R+ D-

T-cell depleted or cord blood transplants 

GVHD

Prevention strategies include both prophylaxis and preemptive therapy



Antiviral Prophylaxis

  

Letermovir 480 mg iv or po q24h

Valganciclovir 900 mg po q24h

(beginning post-engraftment)



Antiviral Prophylaxis

  

Letermovir was approved for the prevention of CMV infection following stem 
cell transplant

It is not active against HSV or VZV so addition of another agent for HSV/VZV 
prophylaxis is required



Antiviral Prophylaxis

  
Valganciclovir prophylaxis was not superior to a preemptive strategy in preventing CMV 

infection post-HCT

Valganciclovir prophylaxis was associated with increase in use of hematopietic growth 
factors

                                           

   Resistance demonstrated in 5% 

of transplant recipients 

receiving prophylaxis



Preventing Infection

Antibiotic and Antifungal Prophylaxis

Antibiotic prophylaxis is commonly followed in patients with

hematologic malignancies and solid tumors who receive myeloablative

therapy and develop profound neutropenia as well as in patients in the
early post‐transplant period

This approach has previously been shown to reduce 
the risk of all‐cause mortality 

(RR, 0.52; 95% confidence interval [95% CI], 0.35‐0.77)



Most standard-dose ChT regimens are associated with 6–8 days of neutropaenia, 

FN is observed in ∼8 cases per 1000 patients receiving cancer ChT. 

FN is responsible for considerable morbidity as 20%–30% of patients present 

complications that require in-hospital management, with an overall in-hospital mortality 
of ∼10%. 

The mean cost per hospitalisation in Western countries is ∼13 500E (15 000 US$)



The presence of a focal site of
presumed infection (e.g.
pneumonia, abscess, cellulitis)
also makes the outcome worse.

Mortality varies according to the
Multinational Association of
Supportive Care in Cancer
(MASCC) prognostic index: lower
than 5% if the MASCC score is ≥21,
but possibly as high as 40% if the
MASCC score is <15



Initial management of febrile neutropaenia



Assessment of response and subsequent management



Spectrum of pathogens 

in infections of 

neutropenic patients

Aetiology of bacteraemias (median prevalence with

range) reported in the ECIL-4 questionnaire survey.

Notes: CNS,coagulase negative staphylococci



The first administration of therapy should be given in the hospital

within 1 h from the admission of a patient with FN. 

Delay in antibiotic administration has been associated 

with significant prolongation of the hospital stay and increased mortality.

As already mentioned, the spectrum of infection in cancer patients is different from place to place 
and changes over time; therefore, paying attention to local epidemiology is crucial



initial assessment 

and 

investigations



Spectrum of pathogens 

in infections of 

neutropenic patients

Median rates of resistance to different antibiotics in pathogens causing bacteraemias in 
haematology-oncology adults and children, based upon literature reports





Duration of therapy 

If the ANC is ≥0.5 × 109 /l, the patient is asymptomatic and has been afebrile

for 48 h and blood cultures are negative, antibacterials can be discontinued.

If the ANC is ≤0.5 × 109 /l, the patient has suffered no complications and has

been afebrile for 5–7 days, antibacterials can be discontinued except in

certain high-risk cases with acute leukaemia and following high-dose ChT

when antibacterials are often continued for up to 10 days, or until the ANC is

≥0.5 × 109 /l.

Patients with persistent fever despite neutrophil recovery should be assessed

by an ID physician or clinical microbiologist and antifungal therapy

considered.



Early detection of infections is essential in cancer patients. Clinical signs of infection 

might be vague, especially in neutropenic patients, but fever remains an early, 

although non-specific, sign of infection

Approximately 50–60% of patients who became febrile have an underlying infection

Clinic in 

Oncohematologic Patients

However, non-infectious causes of fever, including 

paraneoplastic etiology (neoplastic fever) 

and drug reactions, are not rare in cancer patients



Moreover, laboratory markers of infection, including 

elevated C-reactive protein and leukocytosis, are frequently present in cancer patients

Making the diagnosis of infection challenging.

In such circumstances, additional markers such as procalcitonin can be used



A comprehensive review of the literature on the diagnostic significance and therapeutic value of CRP 
blood levels in cancer proved to be problematic. Reported CRP levels varied from <1 μg/ml to more 
than 175 μg/ml and were most often reported with reference to the tissues affected with cancerous 

growths (e.g. lung, breast, gastrointestinal, esophageal, head and neck, sexual and reproductive 

organs, renal, pancreas, and blood)

Overview of CRP values reported 
in various cancers



It achieves a risk reduction to overestimate an infection status of 23.4%. 

It supports the clinic usefulness of serum PCT dosage in febrile advanced solid tumor 

patients. 

A PCT cut-off of 1.52 ng/dL could be helpful in the management of the antibiotic 

therapy preventing delays of oncologic treatments.



It achieves a risk reduction to overestimate an infection status of 23.4%. 

It supports the clinic usefulness of serum PCT dosage in febrile advanced solid tumor 

patients. 

A PCT cut-off of 1.52 ng/dL could be helpful in the management of the antibiotic 

therapy preventing delays of oncologic treatments.



(A) Hemoculture stratification 
for PCT ≤0.5 ng/dL patients; 

(B) Hemoculture stratification 
for PCT >0.5 ng/dL patients

Non parametric Mann-Whitney test results 
describing difference between hemoculture 
positive vs. hemoculture negative population

Pos

Neg



(A) ROC curve for various cut-off
levels of PCT in differentiating
patients with positive and
negative hemoculture;

(B) ROC curve analysis of sensitivity

and specificity for the Gram-
negative bacteria patients’
group.

The following analysis showed that patients with a positive hemoculture

mostly presented a Gram-negative bacteria infection (130 patients (72%))

and only 45 patients (24.8%) had a Gram-positive bacteria infection and

only 6 patients (3.3%) showed a funginemia



Central Venous Catheters

Central venous catheters (CVCs) are widely used in cancer patients and offer benefits

to those who receive chemotherapy.

However, the presence of CVCs is considered a risk factor for infections in cancer

patients and may affect the etiology of bacteremia

The incidence of CVC-associated bloodstream infections in cancer patients 

is estimated to be 0.5–10 per 1000 CVC days, 

with mortality ranging from 12% to 40%



Central Venous Catheters

A recent meta-analysis found a significantly higher risk of infectious complications in 

the PICC groups (RR 3.43; 95% CI 2.58–4.56; P < 0.05). 

Both the local infections of punctures and catheter-related infections were more 

frequent in patients with PICCs

In addition, infection complications are more frequent in 
multi-lumen CVCs than in single-lumen CVCs



Central Venous Catheters

Forest plot of meta-analysis comparing the infection complications between PICC and IPC



Most CVC infections originate from the skin flora (65%), catheter or catheter joints (30%), 

or other pathways (5%)

The most commonly detected pathogens causing CVC-related infections in cancer 

patients are 

coagulase-negative staphylococci, followed by other gram-positive bacteria, 

including Staphylococcus aureus, enterococci, and streptococci

Central Venous Catheters





Diagnostic procedures and treatment of neutropenic patients with 

fever and suspected or proven lung infiltrates



Pneumocystis jirovecii

Orozco-Ugarriza ME et al. Protocol for the systematic review of the Pneumocystis jirovecii-associated 
pneumonia in non-HIV immunocompromised patients. PLoS One. 2024 May.



Aspergillus spp.

Azoulay E et al.   Diagnosis of severe respiratory infections in immunocompromised 
patients. Intensive Care Med. 2020 Feb



Legionella



To better understand the impact of fluoroquinolone (FQ) prophylaxis on local epidemiology,

continuous microbiological surveillance is highly recommended. This should not only focus on FQ-
resistant pathogens but also on rates of Clostridioides difficile infection (CDI)

Distribution of CDI cases 

over time



Herpesviridae family

Herpesviridae 

Alphaherpesvirinae 

Betaherpesvirinae 

Gammherpesvirin

ae

• Herpes simplex virus 1 (HSV-1) 

• Herpes simplex virus 2 (HSV-2)

• Varicella-zoster virus (VZV)

• Citomegalovirus (CMV) 

• Human herpes virus 6 (HHV-6)

• Human herpes virus 7 (HHV-7)

• Ebstein-Barr virus (EBV) 

• Human herpes virus 8 (HHV-8)



Clinical Manifestations

Immunocompromised Host

- CMV Syndrome

- End-organ Disease

- Allograft Dysfunction

Dioverti MV et al. Cytomegalovirus. Microbiol 

Spectr. 2016



Clinical Manifestations

Immunocompromised Host

Gastrointestinal Disease

- Colitis

- Hepatitis

- Esophagitis

Dioverti MV et al. Cytomegalovirus. Microbiol Spectr. 2016



Clinical Manifestations
Immunocompromised Host

Pneumonia

Dioverti MV et al. Cytomegalovirus. Microbiol Spectr. 2016



Clinical Manifestations
Immunocompromised Host

Central Nervous System

- Retinitis

- Encephalitis

Dioverti MV et al. Cytomegalovirus. Microbiol Spectr. 2016



Therapy



Anti-CMV Immunoglobulins…therapy?

Currently indicated only for prophylaxis in patients undergoing SOT and HSCT

1 ml/kg for each administration for at least six administrations at intervals of two to three weeks.





Algorithm for testing for chromosomally integrated HHV-6.

Testing for chromosomally integrated HHV-6 (ciHHV6) should be considered in cases with
atypical manifestations and/or high viral load >105–6 in cellular samples (assuming that
white blood count is normal) and/or detection of species HHV-6A (based on data that
HHV-6A reactivation and disease are rarely seen in this patient population and appear to
be primary detected in ciHHV6).

Testing should also be considered in the absence of a virological response despite
antiviral treatment (e.g., persistent detection without a ≥log10 decline in viral load after
≥2 weeks).

HHV-6



SARS-CoV-2 mutation accumulation during
chronic infection in a patient with HIV over 109
days.
(C) Phylogenetic analysis of the sequences
obtained from patient swabs at the three time
points. The sequences were aligned to a set of
representative SARS-CoV-2 genome sequences
belonging to AH.3 lineage and the main
lineages and VOCs identified so far. The
maximum-likelihood phylogenetic tree was
constructed with IQ-TREE (GTR+F+R2) and
rooted on the Wuhan-Hu-1 reference genome.
Ultra-fast bootstrap supports are indicated
above the nodes.
(D) Histograms representing the amino acid
frequency at the positions that differ between
the three time points. Amino acids are
indicated above the columns for each position.
VOCs = variants of concern.



Toxoplasmosis
  



Strongyloidiasis  



Splenectomy and Function Asplenia

The number of indications for splenectomy in cancer patients 

has declined over the years.

In the case of solid tumors, splenectomy is traditionally performed in gastric cancer to dissect the
splenic hilar lymph nodes, although it seems to have no benefit in tumors located at lesser curvature

Splenectomy may also be performed in cases of oligometastatic disease from other sites, 
especially ovarian cancer

Additionally, intraoperative splenic injury during abdominal surgery may result in splenectomy

Besides surgical splenectomy resulting in asplenia, radiotherapy and some pathologic conditions 
(including graft versus host disease following allogeneic hematopoietic stem cell transplantation) lead 

to a decreased function of the spleen—hyposplenism (function asplenia)

National Comprehensive Cancer Network NCCN Clinical Practice Guidelines in 
Oncology. Prevention and Treatment of Cancer-Related Infections 1. 2024



Splenectomy and Function Asplenia

The spleen is a lymphoid organ that plays an important role in regulating immune 

homeostasis through both innate and adaptive immunity. 

The function of the spleen is crucial in the elimination of encapsulated bacteria

Asplenic patients are therefore at risk of sepsis caused by encapsulated bacteria

most commonly Streptococcus pneumoniae (50–70%), but also Haemophilus

influenzae and Neisseria meningitidis (15–25% each)

Other pathogens causing serious infections in asplenic patients include 

Capnocytophaga canimorsus after animal bites, Bordetella holmesii, Ehrlichia spp., 

and intraerythrocytic parasites such as Babesia spp. after tick bites



Hippocrates (circa 460‐377 BCE) originally recognized the effects of our

surroundings on human diseases in his treatise On Airs, Waters and

Places, attributing illness to characteristics of climate, water, modes of

life, and nutrition

Two thousand years later, in the 1800s, Ignaz Semmelweis (1818‐1865

CE) documented the effects of environmental control through hand

hygiene on clinical outcomes, achieving a dramatic decrease in

puerperal mortality with the widespread use of aseptic techniques, in

which practitioners cleaned their hands with chlorine solution in

between patients



Important Aspects of 

Infection Control and Prevention 

in Patients Living With Cancer



Preventing Infection

Hand Hygiene

“My Five Moments for Hand Hygiene” 



Preventing Infection

Hand Hygiene

a 40% overall 

decrease in the rate 

of nosocomial 
infections

Regardless of the product used, hand washing is an important modality 

for the prevention of infection and should be performed by patients, 

visitors, and health care workers.

Siegel JH, Korniewicz DM. Keeping patients safe: an interventional hand 
hygiene study at an oncology center. Clin J Oncol Nurs. 2007



Grazie per l’attenzione
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