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• Fever developing during neutropenia is frequent in neutropenic 
cancer patients:

• 80% of HM patients  

• 50% of ST patients  

• 13–21% in solid metastatic cancers (mostly during the first 
chemotherapy cycle) 



in neutropenic hematological patients 
bacteremias are responsible of 25-50% of febrile neutropenia episodes

GIMEMA trial  

N°of febrile

neutropenia 

episodes
% of BSI

1988-90   183 52%

1997-99 733 34% 

2001-2003 221 28% 

2008-2010 364 49% 

Higher rate in HSCT  recipients

in the setting of febrile neutropenia  

occurrences of severe sepsis:  20–30%

occurrences of septic shock: 5–10%

High risk AL patients 



Improvement in management strategies

• appropriate empirical antibacterial treatment is critical for a successful 
outcome 

• Particuarly in HM patients with febrile neutropenia

• the aim of the empiric antibiotic treatment is to protect patients from early death

broad-spectrum antibacterial drugs targeting Gram-negative bacteria
has reduced the mortality in neutropenic patients developing BSI: <10% 



recommended empirical antibacterial regimens 
for the treatment of FN

have continued to focus on targeting GNB 
including Enterobacteriaceae and P.aeruginosa, 

anti-pseudomonal beta-lactam agent 
with or without an aminoglycoside



Two major changes in the epidemiology of BSI 
during the last decade
1. the increasing proportion of GNB 

2. the rapid increase in antimicrobial resistance among both Gram-
negative and Gram-positive isolates 

3. increasing detection of extended spectrum beta-lactamase (ESBL)-
production in Enterobacteriaceae (including carbapenemase-
production), increasing multidrug-resistance in P. aeruginosa and 
Acinetobacter spp., methillicin-resistant Staphylococcus aureus
(MRSA), and isolation of vancomycinresistant enterococci (VRE). 



(ECIL-4), a joint venture of EBMT, EORTC, 
ICHS, ELN and ESGICH/ESCMID

• literature review on bacteraemias in cancer 
patients (papers published between  2005  2011)

• questionnaire on the aetiology and resistance in 
bacteraemias,  and empirical treatment  
participants of ECIL meetings 2011

Gram- 40%
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Two major changes in the epidemiology of BSI 
during the last decade
1. the increasing proportion of GNB  

2. the rapid increase in antimicrobial resistance among both Gram-
negative and Gram-positive isolates 
• Enterobacteriaceae: increasing detection of ESBL-production  and 

carbapenemase-production

• P. aeruginosa and Acinetobacter spp.:  increasing MDR

• MRSA  

• VRE  



(ECIL-4), a joint venture of EBMT, EORTC, ICHS, ELN and ESGICH/ESCMID Generally, the reported patterns of resistance 
in BSI isolates reflect the rates in the 
reporting country 
(exception of local outbreaks).

higher median rate of ESBL-GNB and 
CR P.aeruginosa in the South-East versus 
North-West Europe

literature review 2005  2011
questionnaire 2011





important question when facing a patient with 
febrile neutropenia 

• should the empiric treatment cover resistant pathogens 
such as ESBL-and CR Enterobacteriaceae, MDR P. aeruginosa, 
and MRSA?

NO: 

Risk of inadequate therapy,  
probably an increased risk of poor

outcome 

YES
Risk of unnecessary broad-spectrum ATB and 
increased rates of infection with resistant 
bacteria, both for the patient at hand and
for future patients 
Risk of toxicity if combining antimicrobial agents.



2013 ECIL guidelines for empirical antibacterial
therapy for febrile neutropenia : 

• the choice of antimicrobial coverage should be based on an 
estimation of 

• the risk that the patient has an infection with resistant bacteria

+

• the risk for a complicated clinical course

ECIL: European Conference on Infection in Leukemia



de-escalation strategy 
risk of infection caused by resistant pathogens

• prior infection/coloniz with a resistant path
• high local resistance rates

complicated clinical course   hypotension or shock

very broad empiric treatment
• Carbapenem monotherapy

• anti-pseudomonal β-lactams + AG or FQ 

Colistin + β-lactam or rifampicin

• Early coverage of resistant gram-positives

non-resistant pathogen isolated 

or  favourable clinical response

de-escalation to simpler or
targeted therapy

escalation strategy: 
•No risk for infection caused by resistant pathogen

• Low  local GNB resistance 
• no prior infection with a resistant pathogen

. No complicated clinical course 

empiric monotherapy
e.g. piperacillin/tazob , ceftazidime or cefepime

the patient deteriorates or
a resistant pathogen is isolated

escalation to to 
broad-spectrum coverage



D. Averbuch et al

704 GNRs causing BSI in HSCT patients, 25 countries from Europe, Asia, and Australia.
antimicrobial susceptibility patterns and geographical distribution of resistance

call for reassessment of local empiric antibiotic protocols. 

The emerging resistance complicates empiric and targeted treatment choices.

• Universal recommendations for empiric therapy are difficult  (significant geographical variations)

• Practical decisions  based on continuously updated data on local resistance patterns and BSI rate

• to recommend the specific resistance rate threshold that indicates change in the empiric therapy 
protocol 



Questionnaire sent to participants of the ECIL meetings 
(80 haematology centres)

Mikulska, Journal of Infection 2014 

the question about which resistant pathogens were causing most 
clinical problems in their unit:   

76%  highlighted ESBL producing Enterobacteriaceae
• 46% fluoroquinolone-resistant Gram-negatives

ECIL:European Conference on Infection in Leukemia



the burden of ESBL-E in patients with 
cancer and neutropenia, SCT recipients

high  incidence  

bacteria of the GI flora are more likely to 
penetrate the disrupted mucosa and cause BSI

variability in the prevalence of 
ESBL-E colonization and infection 
with respect to country and 
patient population 





Italian prospectivesurvey

30% 
40%

January 2009 to December 2012.



N° of E.coli
blood

isolates

ESBL no-
ESBL

acute myeloid
leukemia pts

ESBL  other HM 
pts

ESBL  

2009-2014 250 42% 58% 98 46% 152 38%

E.coli bacteremias in patients with HM 
Ematologia, Sapienza Università di Roma 

periodo 2009-2014

Related
death

19% 25% 14% 19% 26% 20% 25%

p=0.06



Problems with ESBL producer in neutropenic
febrile patients

• often not covered by empirical regimens
• resistance to most beta-lactams and frequent co-resistance to quinolones and aminoglycosides

• delayed initiation of adequate treatment is associated with increased morbidity 
and mortality

• scarce evidence for treatment of ESBL-E infections in high-risk patients.

• Carbapenems are currently considered the standard of care, 
but….

Restriction

empirical therapy should not unconditionally cover ESBL-E (selection of further 
resistance including carbapenems)



treatment options other than carbapenems

• some studies support the use of quinolones and BLBLI as an 
alternative to carbapenems, these results cannot be transferred to 
high-risk patients due to the differences in co-resistance rates

• Tygecicline? 

• Ceftolozane-tazobactam? 



390 pts (acute leukemia: 69%)

Success rate of 
pip-tazo+tyge combination: 68% 

Pipera-tazo + tigecycline combination 

improve the likelihood that the empiric 

treatment may initially address the 

possible involved MDR pathogens



piperacillin/tazobactam plus tigecycline combination superior to 

piperacillin/tazobactam monotherapy also in the subset of

HM patients with persistent profound neutropenia   

PIPERA/TAZO + TYGE PIPERA/TAZO 

Total deaths 16/187(8%) 15/203 (7%)

Bacterial infection related death 8 (4%) 10 (5%)

Early death (within 72 h) 1/8 (12 %) 4/10 (40%)



Identification of neutropenic cancer  patients 
at risk of ESBL- E BSI
• association between ESBL-E colonization and subsequent infection is 

confirmed in several studies.



1991 - 2016 (25 years)

• to estimate the prevalence of ESBL-E colonisation in 
cancer populations 

• to determine the risk for subsequent BSI

• Pooled prevalence of ESBL-E colonization:  19% [95% CI  
8–32%]

• Europe : 15% (95% CI 10–21%)

patients with malignancy represent a high-risk 
population for colonisation with ESBL-E

ESBL- E colonisation was associated with an almost 
13 times higher risk for developing  ESBL-PE BSI



association between colonization and 
subsequent infection with ESBL-E

• screening for ESBL colonization in neutropenic cancer patients with 
the aim of adjusting empirical treatment may be effective in 
improving patient outcome
• However, the approach of systematic screening and a consecutive adaption of 

empirical treatment has not been evaluated in a systematic fashion.





BSIs in neutropenic patients: 

Percentages of resistance to carba, pipera/tazo, amikacin,  fluoroquinolones and ceftazidime
among GNB and Pseudomonas spp. 

Carbapenem resistance rates ranged from 2% to 53% 
(median 9%)

Carba-R  Pseudomonas spp:
•high median resistance rates 
•44% of all Carba R  Gram-negatives 
•19% of Pseudomonas isolates

Carba-R Enterobacteriaceae
• less commonly reported
• mainly from endemic areas (Greece, Italy, Israel).

Mortality rates ranged from 33% to 71% (median 50%)



Endemicity of KPC-KP in Italian healthcare facilities

predominant role among CPE.

Infections with KPC-KP affect mostly older patients 

hospitalised in medical or surgical wards with a known history

of previous hospital admission in the country. 



Reports on carbapenemase-producing K. pneumoniae in haematological patients have come mostly from Italy

L.Pagano et al Emerg Infect Dis 2014

35% CR Kp

KPC-KP: 68% delle KP



• Colonization at multiple sites with CR-KP was the strongest predictor 
of BSI development in our large cohort of CR-KP rectal carriers.

2014



auto-SCT        allo-SCT
(n.25)            (n.87)

Incidence of CRKp infection 0.4%                 2%

CRKp colonization followed by infection:    26%                  39%

Infection-related mortality:                            16%                   64%

The detection of carriers and the definition of early therapeutic strategies represent critical aspects of 

the management of CRKp infections after SCT.



The high colonization pressure favors CR-KP diffusion. 

The workload due to the concomitant hospitalization 
of a high number of CRKP carriers may increase the 
risk of isolation precaution transgressions.

19

clinical emergencies in CR-KP pos pst seems to have 
further facilitated and accelerated the spread
in the majority of pts we documented the CR-KP 
acquisition after the occurrence of CR-KP BSI or deaths 
in the Unit where they were hospitalized

(within the following 3 days in 42%  of cases)  



22/07/17
Febbre in 

neutropenia

T. Rettale per  
SORVEGLIANZA

(in tutti i pazienti ricoverati):

Paziente zero

Positivi per                   
CR-K.pneumoniae

23/07/17
SHOCK 

SETTICO

ALLO-SCT

ALLO-SCT

ALLO-SCT

24/07, referto 
EMOCOLTURE del 22/07 

CR-K.pneumoniae



17 month-study: 14 CR-K.pneumoniae BSI

12,5% of all Gram-neg BSI
30% (9/30) of Gram-neg BSI in AML pts
5% (5/96) of Gram-neg BSI in other HM (p=0.0007)

Forward stepwise logistic regression model of risk factors for BSI in 
CR-KP colonized patients



inadequate
empirical ATB:
mortality rate 

62%

adequate
empirical ATB:
mortality rate 

17%

Mortality rate: 71%



• To reduce the delay in adequate treatment of CR-KP infection and the 
mortality rate, antibiotic combinations active against CR-KP could be 
appropriate as empiric treatment of febrile neutropenia in CR-KP 
colonized HM patients.

• In high-risk HM pts (AML, SCT recipients)

• In the setting of high CRKP pressure 
• only in CRKP colonized pts?   



To improve survival, combined therapy with 2 or more drugs with in vitro activity
against the isolate, expecially those also including carbapenem, may be more
effective than active monotherapy

Multicenter retrospective cohort study
3 large Italian hospitals
125 pts with KPC-Kp BSIs





• Ceftazidime-avibactam?



prophylaxis with fluoroquinolones



levofloxacin prophylaxis in high-risk 
neutropenic pts  is effective, well 
tolerated, and cost-effective.
Reduction of febrile episodes, MDI 
and BSI
No effect on the risk of death

the prevalence of gram-neg FQ–R BSI 
did not differ significantly between the 
two groups

FQ resistance did not seem to affect 
clinical outcomes (infection-related 
morbidity or mortality)

G.Bucaneve, A.Micozzi, F.Menichetti et al 



the benefit of prophylaxis with fluoroquinolones has
been questioned

• growing concerns about a worldwide increase in resistance to FQs

• FQs efficacy in settings with high FQs-resistance rates 

• FQs were linked to the proliferation of MRSA, C. difficile, VRE, ESBLs
and MDR

• data on FQs resistance have led some centers to discontinue 
prophylaxis
• most of the cohorts reported no increase in the mortality, despite an increase 

in BSIs in some studies





D. Averbuch et al

•704 GNRs causing BSI in HSCT patients,  25 countries from Europe, Asia, and Australia.

•antimicrobial susceptibility patterns and geographical distribution of resistance

•Half of GNRs were FQ resistant (Enterobacteriaceae 57.2%) and 
noncarbapenem resistant, 18.5% carbapenem resistant; 35.2% 
multidrug resistant

• allo-HSCT patients:  FQ resistance risk factors : adult, prolonged
neutropenia, breakthrough on fluoroquinolones;

•auto-HSCT:  non-carbapenem resistance and MDR higher in centers 
providing FQ  prophylaxis (vs not providing, P < .01)

Conclusions: 

Our data question the recommendation for FQs prophylaxis
However  no correlation between the rates of bacteremia and FQ  
resistance

The benefits and potential risks of FQs prophylaxis must be 
carefully assessed

especially in centers with high FQ resistance rates among GNRs

concern about increased rates of resistance to other 
antibiotics following exposure to FQ



OVERALL BSI 
incidence

incidence of GRAM-NEG BSI in pts 
with  (*)  and without  FQPx.

4223 allo HCST, 930 induction CHT
61%  FQ prophylaxis

* *
* *

* *

The incidence and mortality of BSI

FQPx was associated with slightly lower incidence of BSI (14.8% vs. 16.6%) fewer gram-negative BSI (4.6% vs. 7.7%)  
The efficacy of FQPx to prevent gram negative BSIs remained unchanged over the observation period 

Kern et al

FQ prophylaxis and mortality

• patients with induction chemotherapy for acute leukemia 

lower incidence of BSI and fewer gram-negative BSI  (3.7% vs. 9.2 %) 

marked reduction of all-cause mortality during neutropenia  (2.3% vs. 7.3%) 

• less clear positive effects in HSCT patients
auto HSCT:  lower incidence of BSI and fewer gram-negative BSI (4.0% vs. 9.0%) 

no impact was detected in allo HSCT   (5.3% vs. 5.6%,)



344 pts: 173 no proph, 69 levo proph. 102 other proph

Prophylaxis prevented febrile neutropenia 
and systemic infection

Levofloxacin prophylaxis minimized the use 
of treatment antibiotics and drastically 
reduced C. difficile infection



conclusions
• the problem of antibiotic resistance is worrying 

• It is associated with inappropriate empiric therapy and increased mortality, and 
high risk of infection recurrence in febrile neutropenic cancer patients

• The approach to empiric therapy should be reassessed and grounded in 
continuous monitoring of the local bacteremia rates and susceptibility data of 
infecting pathogens. 

• Knowledge of pathogen-specific resistances enables early appropriate empiric
therapy

• Treatment options remain limited

• Revival of old antimicrobials (colistin, fosfomycin) and developmentvof new ones 
(ceftolozane, plazomicin, and class A carbapenemase inhibitors such as
avibactam)


