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InfectiousInfectious complicationscomplications inin
immunocompromisedimmunocompromised//cancercancer patientspatients

AbsentAbsent oror minimalminimal symptomssymptoms andand//oror signssigns ofof infectioninfection
RapidRapid progressionprogression ofof infectioninfection
OpportunisticOpportunistic infectionsinfections
DelayedDelayed therapytherapy –– high high mortalitymortality

BacterialBacterial infectionsinfections
InvasiveInvasive fungalfungal infectionsinfections (IFI)(IFI)
ViralViral infectionsinfections



RiskRisk factorsfactors for for infectionsinfections inin cancercancer patientspatients

NeutropeniaNeutropenia ((degreedegree andand durationduration))

OralOral andand gutgut mucositismucositis

Central Central venousvenous catheterscatheters

ImmunodeficiencyImmunodeficiency

ColonizationColonization

ConcomitantConcomitant conditionsconditions



IncreasingIncreasing raterate ofof invasiveinvasive fungalfungal infectionsinfections
duringduring past 20 past 20 yearsyears

Invasive fungal
infections

2020--30% 30% casescases ofof IFI IFI areare
diagnoseddiagnosed andand treatedtreated
anteante mortemmortem

DelayedDelayed therapytherapy

MortalityMortality dependingdepending on on thethe
start start ofof therapytherapy

< 10 < 10 daysdays 41%41%

> 11 > 11 daysdays 90%90% MortalityMortality amongamong alloHSCTalloHSCT
recipientsrecipients –– 90%90%

ResponseResponse to to antifungalantifungal
therapytherapy -- aboutabout 50%50%

ChangingChanging epidemiologyepidemiology



Invasive fungal infection

MortalityMortality inin thethe UnitedUnited StatesStates, 1980, 1980--1997, 1997, duedue to to candidiasiscandidiasis, , aspergillosisaspergillosis, , andand otherother
mycosesmycoses inin personspersons infectedinfected andand personspersons not not infectedinfected withwith HIV.HIV.

McNeilMcNeil et al. CID 2001;33:641et al. CID 2001;33:641--77



InvasiveInvasive fungalfungal infectioninfection

Incidence Aspergillus Candida

(azoles)

Candida

(without azoles)

alloHSCTalloHSCT

AMLAML

ALLALL

autoHSCTautoHSCT

1515--25%25%

1010--15%15%

55--10%10%

22--6%6%

1010--20%20%

10%10%

5%5%

< 2%< 2%

< 5%< 5%

< 5%< 5%

< 5%< 5%

< 5%< 5%

1515--25%25%

1515--20%20%

10%10%

10%10%

HSCT – hematopoietic stem cell transplantation; AML – acute myeloid leukemia; ALL – acute lymphoblastic leukemia

Mahfous & Anaissie; Thomson Current Drugs; 2003



RiskRisk groupsgroups ofof invasiveinvasive fungalfungal infectioninfection

High risk (15%-30% IFI)
AML

HD-AraC
>55 yrs

alloHSCT
GVHD
steroids
unrelated, mismatched donor

Intermediate risk (5%-15% IFI)
alloHSCT
fludarabine
TBI
Colonization

Low risk (< 5% IFI)
autoHSCT
AML/ALL < 19 yrs
Lymphoma



AntifungalAntifungal therapytherapy

ProphylaxisProphylaxis

EmpiricalEmpirical antifungalantifungal therapytherapy
PrePre--emptiveemptive antifungalantifungal therapytherapy
TargetedTargeted therapytherapy



ProphylaxisProphylaxis

GeneralGeneral prophylaxisprophylaxis
HandHand washwash
ContactContact izolationizolation
LowLow germgerm dietdiet
HEPA HEPA filtersfilters/LAF/LAF

PharmacologicalPharmacological prophylaxisprophylaxis

antibacterialantibacterial

antifungalantifungal

antiviralantiviral

OtherOther methodsmethods
GrowthGrowth factorsfactors
VaccinationVaccination
ImmunoglobulinsImmunoglobulins ??



AntifungalAntifungal prophylaxisprophylaxis

ProPro ContraContra
ReducedReduced incidenceincidence ofof IFIIFI

ReducedReduced mortalitymortality

ReducedReduced antifungalsantifungals useuse

ResistantResistant pathogenspathogens

ToxicityToxicity

DrugDrug interactionsinteractions

CostsCosts



AntifungalAntifungal prophylaxisprophylaxis

What is the patient population likely to benefit from 
primary antifungal prophylaxis ?
An impact of antifungal prophylaxis on 

the incidence of invasive fungal infection (yeast vs moulds)
overall mortality
fungal infection – related mortality
use of empirical antifungal therapy
toxicity

Is antifungal prophylaxis associated with increased
resistance or selection of specific pathogens
How long should antifungal prophylaxis be continued
Should serum levels of specific antifungal compounds be 
measured and what is the target level?



ECIL RECOMMENTATION                 ECIL RECOMMENTATION                 
((EuropeanEuropean ConferenceConference on on InfectionInfection inin Leukemia)Leukemia)

EBMT        EBMT        ((EuropeanEuropean BloodBlood andand BoneBone MarrowMarrow
TransplantationTransplantation GroupGroup) ) 

EORTC      EORTC      ((EuropeanEuropean OrganisationOrganisation for for ResearchResearch andand
TreatmentTreatment ofof CancerCancer))

LeukemiaNetLeukemiaNet

ICHS          ICHS          ((InternationalInternational ImmunocompromisedImmunocompromised HostHost SocietySociety))

www.ichs.orgwww.ichs.org//ecilslides.htmecilslides.htm



ECIL ECIL recommendationrecommendation -- methodsmethods

QuestionnaireQuestionnaire

ReviewReview ofof thethe literatureliterature
PubMedPubMed

MedlineMedline

CochraneCochrane

ICAAC, EBMT, ASH, ASCO, ECCMID 2002ICAAC, EBMT, ASH, ASCO, ECCMID 2002--20072007

CDC CDC gradinggrading systemsystem



Quality of evidence Strength of recommendations

I.I. Evidence from at least one well-executed 
randomized trial

II. Evidence from at least one well-designed 
clinical trial without randomization; cohort or 
case-controlled analytic studies (preferably from 
more than one center); multiple time-series 
studies; or dramatic results from uncontrolled 
experiments

III. Evidence from opinions of respected 
authorities based on clinical experience, 
descriptive studies, or reports from expert 
committees

A. Strongly recommended

B. Generally recommended

C. Optional

D. Generally not recommended

E. Never recommended

CDC grading system



AntifungalAntifungal prophylaxisprophylaxis

Primary prophylaxis
Standard practicepractice of care in neutropenic cancer patients and HSCT 
recipients (IDSA, CDC, ASBMT)
Indications

high and intermediate risk (alloHSCT, AML)
Antifungal drugs

azoles
amphotericin
nystatin
echinocandin

Antifungal prophylaxis in Europe (38 centers)
alloHSCT 85%
autoHSCT/AML 63%

80 randomized trials; >9000 patients



Fluconazole prophylaxis

400 mg qd in allogeneic HSCT: AI
Reduces the incidence of IFI
Reduces attributable mortality
Reduces overall mortality

Slavin 1995 and Marr 2000

50-400 mg qd in autoHSCT/acute leukemias: CI
Less convincing reductions

Goodman 1992; Schaffner 1995; Rotstein 1999

When to stop?
At engraftment or day +75 or day +100 or at immune 
recovery?



FluconazoleFluconazole prophylaxisprophylaxis
Auto (12%) + Allo (88%)Auto (48%) + Allo (52%)

**

*

*

*

*

Goodman et al. N Engl J Med. 1992
Slavin et al. J Infect Dis. 1995



Fluconazole prophylaxis

p < 0.001

Fluconazole vs placebo; alloHSCT

Marr et al. Blood 2000



Itraconazole prophylaxis

Itraconazole works to prevent IFI

Itraconazole capsules: not recommended
Glasmacher 2003

Itraconazole iv/solution in allogeneic HSCT: BI
If not limited by drug interactions and/or patient tolerability

Winston 2003 & Marr 2004

Itraconazole solution 2.5 mg/kg bid in auto/AL: CI
Menichetti 1999; Morgenstern 1999; Harrouseau 2000; Boogaerts
2001; Glasmacher 2006

Itraconazole level monitoring BII



Itraconazole prophylaxis

•• Single center  open-label study in 304 myeloablative
allogeneic HSCT

• Fluconazole 400 mg (iv/oral) vs Itraconazole oral 
(2.5 mg/kg tid) or iv (200 mg)

• From start of conditioning until day +120 
(off steroids) or max +180
• Itra dose adjustments to serum levels 
(target > 500 µg/mL)

• Primary end point: incidence of proven and 
probable IFI 

• Secondary end point: 
- “on treatment” infections
- overall and fungal-free survival
- withdrawal of study drug

Marr et al. Blood 2004



Voriconazole prophylaxis

Multi-center, randomized double-blind trial comparing fluconazole with
voriconazole

alloHSCT

600 patients; 43 years (3-66)
Study drugs to be given for 100 days (or 180 days if on steroid therapy)
Galactomannan screening twice weekly for 60 days (then once weekly
until day 100 in no GVHD or twice weekly if GVHD) 
Antifungal targeted therapy in case of probable or proven IFI
Standardized empirical atifungal therapy permitted for suspected IFI 
limited to <14 days:

Primary end point: fungal-free survival
Results:

FLU 75% vs VORI 78% (p=ns) at 6 months
FLU 65% vs VORI 63% (p=ns) at 12 months

Wingard et al. ASH 2007



Posaconazole prophylaxis

Study 1Study 1 Study 2 Study 2 
DesignDesign Double blind, double dummyDouble blind, double dummy Prospective, randomized, evaluator Prospective, randomized, evaluator 

blindedblinded

Treatment Treatment 
regimenregimen

POS 200 mg oral suspension 3x/day POS 200 mg oral suspension 3x/day 
or FLU 400 mg capsule 1x/dayor FLU 400 mg capsule 1x/day

POS 200 mg oral suspension 3x/day orPOS 200 mg oral suspension 3x/day or
standard azole (FLU 400 mg oral standard azole (FLU 400 mg oral 
suspension 1x/day or ITZ 200 mg oral suspension 1x/day or ITZ 200 mg oral 
solution 2x/day)solution 2x/day)

Duration of Duration of 
treatmenttreatment

Up to 112 daysUp to 112 days Initiated with each cycle of Initiated with each cycle of 
chemotherapy for up to 84 dayschemotherapy for up to 84 days

Follow upFollow up 2 months after end of treatment2 months after end of treatment 100 days postrandomisation100 days postrandomisation

PopulationsPopulations HSCT recipients with acute or HSCT recipients with acute or 
chronic GVHD treated with intensive chronic GVHD treated with intensive 
immunosuppressive therapyimmunosuppressive therapy

Newly diagnosed or 1st relapse AML or Newly diagnosed or 1st relapse AML or 
MDS patients receiving intensive MDS patients receiving intensive 
chemotherapy who are neutropenic chemotherapy who are neutropenic 
(ANC (ANC ≤≤500 cells/mm500 cells/mm33) for ) for ≥≥7 days7 days

Ullmann et al. N Engl J Med 2007; 356: 335-347 

Cornely et al. N Engl J Med 2007; 356: 348-359



Incidence of proven and probable IFI

POS Comparator
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16/301 27/299 21/2997/301

P = .0740 P = .0059
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All IFIs Invasive
aspergillosis

7/304 25/298 20/2982/304

AML/MDSHSCT + GVHD 15
P = .0009 P = .0001
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0Invasive
aspergillosis

Ullmann et al. N Engl J Med 2007; 356: 335-347 

Cornely et al. N Engl J Med 2007; 356: 348-359



AML/MDS time to death (overall mortality)

Kaplan-Meier analysis of time to death within the 100-day phase 
shows a significant survival benefit in favor of POS (P = .0354)
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Time From Randomization to Death During the First 100 Days From Randomization
Posaconazole
Other azole

Posaconazole – censored
Other azole – censored

During 100 days from randomization



Poliens prophylaxis

Oral suspension (1.5-3 g/d): not recommended
Aerosolized AmB: not recommended

Prospective randomized trial by Schwartz et al. Blood 1999: no difference in 
IA and increased toxicity

IV conventional AmB: not recommended
0.1-0.2 mg/kg/d or 0.5 mg/kg, 3 times week
Nephrotoxic
Studies not powered to detect significant differences

Perfect 1992; Rousey 1991
Lipid-bases formulations: not recommended

Toxicity (ABCD vs. fluconazole)
Liposomal AmB (2 double-blind placebo controlled studies, meta-analysis) 
should be avoided in BMT recipients due to the lack of supporting evidence, 
its high cost, and common side effects. In case od prolonged neutropenia
recommendation (Penack et al. An Oncol 2006)                          CI
Studies not powered to detect significant differences

Tollemar 1993; Kelsey 1999; Timmers 2000



Echinocandin prophylaxis

Micafungin 50 mg/day - HSCT: CI
neutropenic phase of HSCT : micafungin vs
fluconazole. Van Burik et al. CID 2004

Micafungin in acute leukemia:   no data

Anidulafungin: no data

Caspofungin: 
hematological malignancies: caspofungin vs
itraconazole. Similar efficacy. Mattuzzi et al. 
AAC 2006
Insufficient data to propose
recommendation

Micafungin (FK463) vs Fluconazole



PrPrimaryimary antifungal prophylaxisantifungal prophylaxis

alloHSCTalloHSCT AIAI
neutropenianeutropenia
up toup to +100 d+100 dayay
GVHDGVHD

Acute Acute leukemiasleukemias AIAI
InduInductionction chemotherapychemotherapy

autoHSCTautoHSCT CIIICIII
Consider in patientsConsider in patients

pprolongedrolonged neutropenianeutropenia
TBITBI or or HDHD--AraCAraC
graft purginggraft purging
purinpurinee analogues or monoclonal antibodiesanalogues or monoclonal antibodies
prolonged steroid therapyprolonged steroid therapy



Antifungal prophylaxis

Acute leukemia – induction chemotherapy

Drug Dose Recommendation

Fluconazole 50-400mg qd iv/po CI

Itraconazole 5mg/kg bid po (sol) CI level monitoring

drug interaction

poor tolerability

Posaconazole 3x200mg tid po AI level monitoring

Echinocandin No data

Polyene 0.5-1mg/kg CI low dose iv,  
aerosolized DI



Antifungal prophylaxis
HSCT

DrugDrug DoseDose RecommendationRecommendation

FluconazoleFluconazole 400mg iv/po400mg iv/po AIAI

ItraconazoleItraconazole 200mg iv 200mg iv 

2x 200mg po2x 200mg po

BIBI levellevel monitoringmonitoring

drugdrug interactioninteraction

poorpoor tolerabilitytolerability

PosaconazolePosaconazole 3x200mg 3x200mg tidtid popo AIAI levellevel monitoringmonitoring

MicafunginMicafungin 50mg 50mg qdqd iviv CICI

PolyenePolyene 0.50.5--1mg/kg1mg/kg CICI lowlow dosedose iv,  iv,  
aerosolizedaerosolized DIDI



SecondarySecondary antifungalantifungal prophylaxisprophylaxis

RiskRisk ofof reactivationreactivation//progressionprogression ofof invasiveinvasive fungalfungal
infectioninfection inin patientspatients undergoingundergoing intensiveintensive chemochemo--
radiotherapyradiotherapy

35% (35% (CordonnierCordonnier et al. BMT 1995)et al. BMT 1995)
29% (29% (FukudaFukuda et al. BBMT 2004)et al. BBMT 2004)
22% (22% (MartinoMartino et al. et al. BloodBlood 2006)2006)

Secondary antifungal prophylaxis has not been studied in 
a well-designed prospective, randomized clinical trial
RICRIC--HSCTHSCT
AntifungalAntifungal drugsdrugs

VoriconazoleVoriconazole
AmphotericineAmphotericine
CaspofunginCaspofungin
PosaconazolePosaconazole



Secondary antifungal prophylaxis - risk factors
for breakthrough IFI

duration of neutropenia, per each day

high-dose cytarabine

number of antibiotics, per each antibiotic

partial response as outcome of prior IFI

newly diagnosed AML

high efficiency particulate air filter during prior IFI



Antifungal prophylaxis

Fluconazole prophylaxis has an established role in high risk
patients undergoing HSCT and patients receiving intensive
antileukemic therapies

Anti-mould prophylaxis studies are promising in patients at
risk for invasive mould infections

Heterogeneity of risk suggests prophylaxis in some patients
may be appropriate but not clear in other groups


