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Overview

• Antibacterial Prophylaxis

• Antifungal Prophylaxis

• Empiric Therapy for Fever and Neutropenia

• Infection Prevention and Control



What is the impact of bacteremia?

• AML BFM-93 and BFM-98

• 72 treatment related deaths after day 15

– ~40% were microbiologically documented bacterial infections

• AML CCG-2961

• Within each phase of chemotherapy 50-60% of patients sustained a documented bacterial 
infection

• Cumulative incidence for infection related death was 11% while cumulative incidence of 
death from any cause was 18%

• NOPHO-ALL92

• 56 patients met criteria for treatment related death

– 68% of these deaths were attributed to infection a majority (55%) of 
which were microbiologically proven bacterial infections

• NB-92 and NB-97 (HR-neuroblastoma patients)

• 36% of patients on these trials developed bacteremia on front-line protocols

• Mortality data not reported



Bacteremia: 
Beyond frequency and mortality

• Potential delays in chemotherapy 
• Prolonged hospital stays

– Cost
– Psychosocial component

• Secondary complications of treatment
– Clostridium difficile infection

• 25% of pediatric CDI are in those with cancer

– Organ toxicities from systemic antimicrobial agents
– Organ complications from the pathogen/immune 

response
– Evolution of resistance



Is it possible to eliminate bacteremia in children 
with cancer?

• A.  Not a chance. 
• They are too immunosuppressed, have frequent need 

for central access and it is a waste of time to try.

• B. Maybe but not worth it.
• Focusing on supportive care interventions takes away 

too many resources.

• C. Maybe and it is worth trying.
• We should do all we can and eliminate as many as 

possible.

• D. Definitely. 
• With a multi-factorial approach that adjusts overtime 

the number of bacteremia events can be significantly 
reduced and potentially brought to zero. 



Lehrnbecher et al. J of Ped Hem Onc 1997 



Epidemiology: What organisms?

Karin et al. Supportive Care Cancer 2013;21 



Approaches to bacterial infection

Indication Description
Prophylaxis • Antibiotic therapy given to patients at risk for an 

infection but who do not yet have any signs or 
symptoms of infection

• Levofloxacin recently investigated

Empiric • Antibiotic therapy given to patients when there 
is concern that na infection has started—i.e. 
fever and neutropenia

• Cefepime +/- vanco and/or gent is or typical

Definitive Antibacterial therapy given when a patient has 
been diagnosed with a specific bacterial infection.  
We often do not titrate to definitive therapy even 
when the organism is known



Antibiotic Prophylaxis:
This will get us there, right?

• 2005:  Bucaneve et al. NEJM
– RCT of 760 adults with expected neutropenia of 7 or more 

days
– Levofloxacin recipients had a 18% bacteremia rate versus 

34% of placebo recipients

• 2005:  Cullen et al. NEJM
– RCT of 1565 adults with ‘temporary’ neutropenia
– Levofloxacin group had 6.2% bacteremia rate versus 7.9% of 

placebo recipients

• 2012: Cochrane Review
– Compilation of quinolone vs. placebo/no antibiotic trials
– Quinolone bacteremia rate was 10.4% versus 16.9%





Antibiotic prophylaxis:
Pediatric data?

• We do not know the true impact of 
prophylaxis in children

– 1983: Pizzo et al.  Journal of Pediatrics

• RCT of TMP/SMX and erythromycin versus placebo for 
541 episodes of neutropenia

– No difference in the rate of bacteremia

– Contemporary pediatric data limited to small 
studies with limited power or retrospective 
comparative studies BUT NOW……!!!
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Empiric therapy…why do we do it?

• This approach is founded on Pizzo et al. publication from 
1979 in the American Journal of Medicine

• Randomized 32 patients to either stopping empiric 
antibiotics on day 7 of neutropenia or continuing until 
count recovery

• What happened?



Pizzo et al. The American J Medicine 1979

Comparison of combined outcome of fever, documented infection, or death, p=0.007  



Empiric therapy…
what do the guidelines say?





Empiric Therapy

• What empirical antibiotics are appropriate for 
children with high-risk FN? 

• In high-risk FN: Use monotherapy with an 
antipseudomonal b-lactam, 

• A fourth-generation cephalosporin, or a carbapenem 
as empirical therapy in pediatric high-risk FN (strong 
recommendation, high-quality evidence). 

• Reserve the addition of a second gram-negative agent 
or a glycopeptide for patients who are clinically 
unstable, when a resistant infection is suspected, or 
for centers with a high rate of resistant pathogens 
(strong recommendation, moderate-quality evidence). 



Modification of Empiric Therapy

• When and how should the initial empirical antibiotic 
therapy be modified during the pediatric FN episode? 

• In all patients, discontinue empirical antibiotics in patients 
who have negative blood cultures at 48 hours, who have 
been afebrile for at least 24 hours, and who have evidence of 
marrow recovery (strong recommendation, low-quality 
evidence). 

• In patients with low-risk FN, consider discontinuation of 
empirical antibiotics at 72 hours in patients who have 
negative blood cultures and who have been afebrile for at 
least 24 hours, irrespective of marrow recovery status, as 
long as careful follow-up is ensured (weak recommendation, 
moderate-quality evidence). 



When to discontinue empiric 
antibiotics?



Dr. Pizzo himself said:

• “supportive management of 
granulocytopenia…requires careful 
balancing of the risks and benefits of 
antibiotic treatment”

• “The risk of developing a resistant 
microbial flora and/or superinfection 
should be a deterrent to indiscriminate 
antibiotic administration”



Current FN Epidemiology 
may be Different

• Increasing proportion of FN episodes that have 
early fever resolution

– In the Pizzo study this was 23% of FN events

– In contemporary cohorts*

• more than a third have fever resolution within 24 hours

• AND an additional 9% had a viral pathogen detected

*Hakim et al. J Pediatr Hematol Oncol 2009;31(9):623-9 



What are the risks?
• Resistance

– A point prevalence study across 73 institutions 
world wide found that consumption of antibiotics 
is highest on the oncology ward*

– These exposures are translating into increased 
rates of ESBL producing and carbapenem resistant 
bacteria that are more difficult to treat**

– Increasing resistance rates at an institution will 
also reduce effectiveness of monotherapy 
approach to future FN events

*Versporten et al. Pediatr Infect Dis J 2013;32:e242-e253
**Castagnola et al. Future Microbiol 2015;10(3):357-64



What are the risks?
• Loss of microbiome diversity

– Early data to link duration of antibiotic exposure 
to differential temporal stability of the oral or 
stool microbiome in adults during induction for 
AML*

– Temporal variability of the microbiome was 
associated with infection during and after 
induction

• Take home point:  More antibiotics may 
actually be increasing risk for infection!

*Galloway-Pena et al. Genome Medicine 2017;9(21)



Other risks to consider?
• Remember antibiotics have there own side 

toxicities:
– Allergic reactions

– Renal toxicity 

– Hepatotoxicity

– Bone marrow suppression 

• While each of these are rare they do happen 
and cumulatively these risks need to be 
considered



Is it safe to stop antibiotics?
• How Long Study: RCT of empiric antibiotics in high 

risk FN among adults with hematologic malignancy 
or HSCT

• Randomized 157 patients stopping antibiotics at 72 
hours of apyrexia or continue until count recovery

– Short course arm had significantly reduced empiric 
antibiotic days and similar rates of recurrent fever, 
and less severe adverse events

– Four deaths (3 in the standard therapy arm) none 
from infection

Aguilar-Guisado et al. Lancet Haematol 2017;4:e573-583



What about pediatric data?

• RCT of children with FN without a source but 
reassuring clinical and lab status at day 3

– Randomized 75 patients to stopping antibiotics versus 
continuing until count recovery

– Mixture of low and high risk malignancies

– 2 bacterial infections in group that stopped antibiotics 
versus 3 in the group that continued, no deaths

Santolaya et al. Clin Infect Diseases 1997;25:92-7



What about pediatric data?

• RCT of  low-risk children with resolution of fever but 
still with neutropenia at day 2 to 5

– Randomized 73 patients to oral cefixime/cloxacillin
versus placebo until count recovery

– Assessed recurrence of fever and newly diagnosed 
infection

– Two in the placebo arm and five in the treatment arm 
were readmitted with fever; one bacteremia event 
(viridans group strep) in a placebo patient

– No deaths

Klaassen et al. J of Ped Hem/Onc 2000;22(5):405-11



Antifungal Prophylaxis



In which of these patient populations 
would you routinely use antifungal 

prophylaxis?
1. Bone Marrow Transplant 

2. ALL

3. AML

4. Solid Tumors

5. 1 and 3

6. All of the above



Is There a Role for Antifungal Prophylaxis 
in Pediatric Oncology?

• Absolutely:
– Allogeneic HCT

– AML

• Probably:
– Autologous HCT

– Relapsed ALL (mainly retrospective data)

– Severe Aplastic Anemia & Hypoplastic MDS (Monosomy 7)

• Doubtful:
– Non-Relapsed ALL

– Solid Tumors 



Does Prophylaxis Work?

64 Trials included in the Meta-Analysis: Only 5 Included Children!



Fisher BT, Kavcic M, Li Y, Seif AE, Bagatell R, Huang YS, Zaoutis T, Torp K, Leckerman KH, Aplenc R: Antifungal prophylaxis associated with decreased induction mortality 
rates and resources utilized in children with new-onset acute myeloid leukemia. Clin Infect Dis. 2014 Feb;58(4):502-8.



Fisher BT, Kavcic M, Li Y, Seif AE, Bagatell R, Huang YS, Zaoutis T, Torp K, Leckerman KH, Aplenc R: Antifungal prophylaxis associated with decreased induction mortality 
rates and resources utilized in children with new-onset acute myeloid leukemia. Clin Infect Dis. 2014 Feb;58(4):502-8.



Which antifungal agent would you use 
for prophylaxis?

1. Fluconazole

2. Voriconazole

3. Amphotericin B Deoxycholate

4. Liposomal Amphotericin B

5. Echinocandin

6. All together



What Agent to Use?

• Fluconazole has been the gold standard for 
prophylaxis in HSCT patients for >15 years

– Goodman, et al. NEJM 326: 1992. 

– Slavin, et al. JID 171: 1995.

– Both studies included:

• Both autologous & allogeneic HCT patients

• Placebo-control, double-blind

– Rates of IFI by Day 50-75 in Placebo group: 16-18%

• Only patients >12 years of age



What About Voriconazole?

O
S



Why Didn’t This Work?

• Pro: Children >2 yo were included
– 51 total (<10% of patients)

– Youngest Fluc patient = 9 yo

– Youngest Vori patient = 2.7 yo

• Con: Wrong dose of Vori?
– Age > 12 yo: 200 mg bid

– Age < 12 yo: 4 mg/kg IV (<20 kg 50 po bid; >20 kg 100 po
bid)

– Use of GM assay; preemptive strategy may be just as good as 
prophylaxis

– Incidence is driven by candida and not enough power for IA



Antifungal Prophylaxis After BMT:
Micafungin vs Fluconazole

Van Burik JA, et al. Clin Inf Dis.2004

Mica

(n=425)

Flu 

(n=457)

Pediatric Pts <16 39/425 (9.2%) 45/457 (9.8%)

Acute lymphocytic leukemia 15/39 (38.5%) 11/45  (24.4%)

Acute myelogenous leukemia 7/39 (17.9%) 12/45  (26.7%)

Duration of Rx   23.2 days 23.4 Days

Rx Success 27/39  (69.2%) 24/45 (53.3%)

Start of Conditioning to 5 Days After Engraftment



Antifungal Prophylaxis – HCT Guidelines

Tamblyn M, et al, Biol Blood Marrow Transplant 2009

• Fluconazole is drug of choice for prophylaxis of 
invasive candidiasis before engraftment

• Echinocandin is alternative agent

• If antimold activity is warranted – voriconazole or 
posaconazole are options

• Posaconazole in patients with GVHD

• Patients with prior invasive aspergillosis should 
receive secondary prophylaxis with a mold active 
agent
– Voriconazole has been shown to beneficial



Don’t Forget Infection Prevention 
and Control



Infection Prevention:
Bundled Line Care 

• Bundled central line care: organized approach 
to placement and maintenance of a catheter

• Includes directions on processes such as:
– Hand hygiene

– Prep for placement and dressing/tubing changes

– Frequency of dressing/tubing changes

– Guidance on patient bathing

– Duration of scrub the hub

– Frequency of line entry etc…..



Success with other bloodstream infections:
NICU/PICU CLABSI Rates

Li et al. Reducing Central Line Infections in Pediatric and Neonatal Patients. Curr Infect Dis Rep 2013;



Infection Prevention:
Bundled Line Care 

• 2013: Choi et al.  Pediatric, Blood & Cancer

– Pre- and post-intervention central line associated 
bloodstream infection (CLABSI) rates in children 
with cancer

– After instituting a bundle care plan the CLABSI 
rates decreased from 2.92/1000 patient days to 
1.61

– Significant decline was realized in BMT and non-
BMT populations



Infection Prevention:
Chlorhexidine bathing

• 2013: Milestone et al.  Lancet

– Multi-center cluster randomized trial of CHG 
bathing in PICU patients across 10 ICU’s

– ICU was randomized to one arm for six months 
then 2 week washout then went to the other 
intervention

– CHG bathing reduced bacteremia from 4.93 to 
3.52 per 1000 days



Summary

• Antibiotic Prophylaxis effective in reducing 
bacteremia with minimal impact on resistance

• Antifungal prophylaxis with mold active agent 
(echinocandin) likely better than fluconazole

• Time to revisit discontinuation of antibiotics in 
certain children with fever and neutropenia

• Infection control a key component of 
preventing infections in children with cancer


