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Antifungal therapy in children



Invasive fungal infections in Pediatrics

� Children and adolescents are similarly vulnerable to IFDs 

relative to adults, and have similar presentations, distributions 

and patterns of fungal diseases

� However, differences exist as to

� underlying conditions and epidemiology

� usefulness of newer diagnostic tools

� pharmacology of antifungal agents

� evidence from interventional phase III studies



Underlying conditions

� Premature neonates

� Increase <26 wks GA and <750 grams BW

� Primary immunodeficiencies

� Inborn errors in one component of the immune system

� Paediatric cancer/HSCT patients

� Treatment, prognosis and comorbidities are different



Fungal epidemiology

� Premature neonates

� C. albicans and C. parapsilosis; rarely moulds

� Primary immunodeficiencies (phagocyte disorders)

� Moulds mainly; A. fumigatus and A. nidulans in CGD

� Paediatric cancer/HSCT patients

� Candida species, moulds mainly A. fumigatus



� Efficacy in phase II and III trials in adults

� Availability / assessment of paediatric

� quality PK data

� safety data

� supportive efficacy data

� regulatory approval needs to be taken in account as well

Paediatric Recommendations (as in guidelines) 
based on:



Drug Development in Pediatrics
- EMA Regulatory Guidance Summary

� Clinical studies on pharmacokinetics, safety and 
tolerance are a prerequisite 

� If underlying conditions, cause of targeted disease and 
expected response to therapy are similar

data generated in adults can be used to support 
documentation of efficacy

the regulations stress the importance of post-marketing surveillance to         
increase the pediatric database

European Medicines Agency. ICH Topic E 11 Clinical Investigation of Medicinal Products in the Paediatric Population NOTE FOR 

GUIDANCE ON CLINICAL INVESTIGATION OF MEDICINAL PRODUCTS IN THE PAEDIATRIC POPULATION (CPMP/ICH/2711/99).  

http://www.tga.gov.au/docs/pdf/euguide/ich/271199en.pdf; 2001. Accessed July 26, 2011.



Antifungal Approved indications Specific paediatric comments

D-AmB Treatment IFI PK not different from adults

L-AmB Treatment IFI
Empirical therapy neutropenia

PK not different from adults

Flucytosine Treatment (combi) candidiasis No PK and safety data for children

Fluconazole Therapy & Prophylaxis Candida infections Optimal dosages uncertain, esp. in 
neonates

Itraconazole Therapy superficial Candida infections;
2nd line therapy IC/IA;
prophylaxis neutropenia

Limited PK data 2 – 17 yrs; no PK 
data <2 yrs; not licensed < 18yrs in 
EU

Posaconazole 2nd line therapy IC/IA; therapy OPC, 
prophylaxis AML/MDS/alloHSCT

Limited PK data, not licensed <18yrs 
(EU), licensed in US for prophylaxis 
≥13 yrs

Voriconazole Therapy IA and IC in non-neutropenic pts. High PK variability; not licensed <2 
yrs; not licensed for prophylaxis

Caspofungin Therapy IC; 2nd line therapy IA; empiciral 
therapy neutropenia

Robust PK and safety data

Micafungin Therapy OPC, IC; prophylaxis of IC in 
neutropenia

Robust PK and safety data; optimal 
dosing neonates to be defined

Anidulafungin Therapy IC in non-neutropenia No PK data yet; not licensed <18 yrs



CID 2009

Neonatal candidiasis

• AmB-d 1 mg/kg/d is recommended

• Fluconazole 12 mg/kg/d is a reasonable alternative 

• Echinocandins should be used with caution

• IV catheter removal strongly recommended



CMI 2012

Aspergillus guideline 
to follow……………..



Lancet Oncology 2014



Fungal epidemiology of 
candidemia

Pfaller, Diagn Microb Inf Dis 2008



Epidemiology of Pediatric Candidemia

Pemán, J Clin Microb 2011



Epidemiology of Pediatric Candidemia

Palazzi et al, PIDJ 2014

Children 3 months – 18 years of age
Study period 5 years
20 US and 10 EU sites



Response rates per species:
C. albicans ANF > FCZ (p<0.01)
C. glabrata ANF > FCZ
C. tropicalis ANF > FCZ
C. parapsilosis FCZ (83.3%) > ANF (63.6%)

Reboli, NEJM 2007



Antifungal activity in the lab
Species AmB FLU ITRA VORI POSA Echinocandins

C. albicans + + + + + +
C. parapsilosis + + + + + - ?
C. glabrata + ± + + + +
C. krusei + ± + + + +

Ikeda, Med Mycol 2009

Silva, JCM 2009



Epidemiology of Pediatric Candidemia

• Echinocandin resistance among pediatric Candida
species isolates: 4 out of 200 > 2%

• 1/95 C. parapsilosis 

• 1/74 C. albicans

• 2/12 C. tropicalis 

Pemán, J Clin Microb 2011



NEONATES



Relevance of Neonatal Candidiasis

• Incidences;

• > 1500 g < 1%

• < 1500 g 10% in the USA and Italy

2.1% in the UK

2.2% in Australia/New Zealand

• < 1000 g 5.1-26% in the USA

1% in the UK

5.4% in Australia/New Zealand

• Mortality; 20-40%

• Attributable mortality; around 10%

Stoll, Ped 2002; Lopez Sastre, Am J Perinatol 2003; 
Fridkin, Pediatr 2006; Zaoutis, Clin Infect Dis 2007



ESCMID guideline: Invasive Candidemia (2012)

Hope, EJCMID 2012

*High incidence of IC defined as at least >5%, although the studies performed 
have been done in NICU settings with incidences > 12%
*five RCTs, 8 historical control studies, and 1 meta-analysis suggesting 91% 
decrease in IC in neonates < 1000 g

*





Real life treatment of neonatal candidemia

N=77 (UK) N=25 (IPFN)

fluconazole 42 (55%) 8 (32%)

L-AmB 26 (34%) 4 (16%)

AmB-d 12 (9%) -

caspofungin - 9 (34%)

micafungin - 2 (8%)

IPFN; international paediatric fungal network, 15 US & 9 EU sites

Oeser et al, CMI 2014; Steinbach et al, PIDJ 2012





Fluconazole dosing issues in neonates

Wade AAC 2008, Wade PIDJ 2009

357 samples from 55 neonates (23-40 wks)



PIDJ 2011

• Median age 17 d (14-41 d)

• Median GA 37 wks (35-39 wks)

• Median BW 2.8 kg (2.0-3.1 kg) Outcome: SAFE



� Open-label study MICA

� 13 premature neonates
(suspected of proven candidiasis)

� 7 mg/kg (< 1000g)

10 mg/kg (> 1000g)

� Well tolerated

� Exposure levels adequate for CNS 
coverage

Benjamin, Clin Pharmacol Ther 2010

Micafungin: Clinical neonatal data



AAC 2010

Role for echinocandins against Candida bioflims?

Katragkou AAC 2008

Echinocandins retain 
their activity against 
both C. albicans and C. 
parapsilosis biofilms 





PEDIATRIC CANCER/HSCT PATIENTS



Stratification of Risk of IFIs in Paediatric Cancer / 
HSCT Patients

Risk stratum Patient population

High risk ( ≥ 10 %) -acute myeloblastic leukemia
-recurrent acute leukemia’s
-allogeneic HSCT
-high risk ALL**

Low risk ( ≤5 %) * -acute lymphoblastic leukemia **
-non-Hodgkin lymphoma’s
-autologous HSCT

Sporadic occurrence * -pediatric solid tumors (NB: Tx-liver) 
-brain tumors
-Hodgkin’s lymphoma

*    consider that low and sporadic risk is not equal to no risk
**  depending on the protocol and additional risk factors, risk for IFD may exceed 10 %

Groll  ‘99; Hovi 2000; Lin 2001; Benjamin 2002; Zaoutis 2004; Zaoutis 2005; Zaoutis ‘06; Rosen  
2005; Crassard 2007; Sung 2007; Kobayashi 2008; Kaya 2009; Castagnola  2010; Hale 2010; Mor 
2011; Kaya 2011; Watanabe 2011; Srinivasan 2013; Maron 2013; Hol 2014



Management strategies

ECIL-guideline



From empiric…………

…to pre-emptive treatment

Improved diagnostic tools
Increased availability of 
antifungals

Higher number of IFI’s 
diagnosed
Lower mortality



Hope, CMI 2012

Invasive candidiasis in infants and children

A=strongly recommended; I=evidence 1 randomized trial



Invasive candidiasis in children with cancer 
and HSCT

ECIL-4

Moderate evidence to support 
recommendation for use



Palazzi et al, PIDJ 2014

Real life treatment of Pediatric Candidemia



PIDJ 2013



Treatment of invasive aspergillosis

ECIL-4



Azole dosing issues: voriconazole in children

�Recommended dosing schedule at that time: 2 
dd 7 mg/kg iv or 2 dd 200 mg po (<12 yrs)

�44% initial trough levels < 1 mg/L

PIDJ 2011



AAC 2012

380 trough levels in 60 kids

35% initial levels adequate
After adjustment 80%



Azole dosing issues: relationship with outcome?

Neely, CID 2010
Troke, AAC 2011

• Trough levels < 1 mg/L associated with a 2.6-fold 
increased odds of death (95% CI 1.6-4.8, p=0.002)





Azole dosing issues: voriconazole in children

Doby, PIDJ 2011

10 kids < 3 yrs of age

Shima, PBC 2010

16 kids, median 9 yrs (0-18 yrs)
< 3 yrs 6 (37.5%)
≥ 3 yrs 10 (62.5%)



Azole dosing issues: posaconazole 
in children

Bernardo, Ann Pharm 2013

< 34 kg: 18-24 mg/kg daily in 4 doses



Bernardo, Ann Pharm 2013



PRIMARY IMMUNODEFICIENCIES



Stratification of risk of IFIs in children with primary 
immunodeficiencies

Immune deficit Clinical disorders Fungal infections

Humoral XLA, AR-agammaglobulinemia, CVID, 
IgA-deficiency

very unlikely

Cellular SCID, diGeorge, hyper-IgM, Wiskott-
Aldrich

sporadic, variable

Phagocytic CGD, MPO, LAD, congenital 
neutropenia

Aspergillus frequent in CGD 
(25-40%), Candida less 
common 

Complement deficiencies specific factors or MBL very unlikely

Others hyper-IgE syndrome,

CMC, defects IFNy/IL12

Aspergillus in HIES, 
superficial mycoses in HIES & 
CMC



A. nidulans and CGD

• Emericella nidulans (teleomorph)

• other species cause rarely human infections

• not encountered in other patient groups 

• increased virulence and mortality when compared to 
A. fumigatus (50% vs. 5-10%)

Asci with 
Ascospores

Thick-walled Hülle cells 
(25um) surrounding the 

cleisthothecium

Cleisthothecium showing 
numerous ascospores



Susceptibilities of Emericella spp.

drug E.nidulans E.quadrilineata significance

AmB 2.5 0.5 P < 0.05

ITRA 0.07 0.13 NS

VORI 0.26 0.39 P < 0.05

POSA 0.25 0.22 P < 0.05

CASPO* 0.01 1.83 P < 0.05

Verweij, EID 2008



iPOD study
Investigation of 
POsaconazole prophylaxis in 
children with chronic 
granulomatous 
Disease: pharmacokinetics and 
tolerability

PIDJ 2011

Posaconazole prophylaxis in children



• allometric dosing algoritm

Dosis (child) = Dosis (adult) x [BW (child) / BW (adult)] 0.75

Bodyweight 

(kg)

Dosing mg 

2dd

PSZ suspension 

2dd

10 – 14 120 3 ml

15 – 19 160 4 ml

20 – 24 200 5 ml

25 – 29 220 5,5 ml

30 – 34 260 6,5 ml

35 – 39 280 7 ml

≥ 40 300 7,5 ml

adults 3 dd 200 mg

Posaconazole dosing in children (prophylaxis)

Van Welzen, PIDJ 2011



12 children
Age range 3 – 15 yrs
BW 15 – 72 kgs
Safe 
Good tolerability

Van Welzen, PIDJ 2011

Azole dosing issues: posaconazole 
in children



Summary
• Higher fluconazole & micafungine dosages needed in neonates 

• Perform TDM when using azoles in pediatrics

• Posaconazole dosing in children needs further investigation

• Diagnostic driven approach feasible and safe

• Echinocandins attractive as 1st line agent for invasive 
candidiasis, but

• Dosing issues in neonates (and to lesser extent in children)

• Expensive and only iv




