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Why Study Infections in AML?Why Study Infections in AML?
Infections:Infections:

Contribute to morbidity and mortality, particularly for Contribute to morbidity and mortality, particularly for 
those receiving intensive therapythose receiving intensive therapy
CostlyCostly
Affects quality of lifeAffects quality of life

AML:AML:
High prevalence and incidence of infectionsHigh prevalence and incidence of infections
InfectionInfection--related mortalityrelated mortality
Newer drugs such as antiNewer drugs such as anti--fungalsfungals –– costlycostly
Mandatory hospitalizationMandatory hospitalization

Resource intensive, parent/child quality of lifeResource intensive, parent/child quality of life
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How Will We Learn about How Will We Learn about 
Infections in AML?Infections in AML?

Retrospective studiesRetrospective studies
Toxicity reporting of coToxicity reporting of co--operative group trialsoperative group trials

Prospective observational trialsProspective observational trials
RCTsRCTs

Retrospective Evaluation of Retrospective Evaluation of 
Toxicity Reporting from Toxicity Reporting from 

CoCo--operative Group AML Trialsoperative Group AML Trials

ChildrenChildren’’s Oncology Groups Oncology Group
CCG 2961CCG 2961
CCG 2891CCG 2891

BFMBFM
BFMBFM--9393
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CCGCCG--29612961

Children with AML between 1 month and Children with AML between 1 month and 
21 years of age21 years of age

Infections on patients accrued between Infections on patients accrued between 
1996 and 19991996 and 1999
Infections collected using an infection Infections collected using an infection 
report form by data managersreport form by data managers
492 children included492 children included

Sung Blood 2007;110:3532-9
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Number of Children with Number of Children with 
Microbiologically Documented Infections Microbiologically Documented Infections 

on CCGon CCG--29612961

Sung Blood 2007

Microbiology of InfectionsMicrobiology of Infections

120101Mucor

121302Fusarium

371042420Aspergillus species

37520630Other Candida species

1215421Candida albicans

143421861888Fungus 

2869261061887Gram Negative Bacteria

451115020539191Gram Positive Bacteria

%N = 248%N = 407%N = 492

Phase 3Phase 2Phase 1
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InfectionInfection--Related Mortality on Related Mortality on 
CCGCCG--29612961

Cumulative incidence infectionCumulative incidence infection--related related 
mortality 11mortality 11 ± 2% during chemotherapy 
(not SCT)
58 infection-related deaths:

Aspergillus species - 18 (31.0%)
Candida species – 15 (25.9%)
Coagulase negative staphylococci - 14 
(24.1%)
Alpha hemolytic streptococci - 9 (15.5%)

Sung Blood 2007

Predictors of InfectionPredictors of Infection--Related Related 
Mortality on CCGMortality on CCG--29612961
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AMLAML--BFM93BFM93

Children with AML between 0 and 17 Children with AML between 0 and 17 
years of ageyears of age

Infections retrospectively abstractedInfections retrospectively abstracted
304 patients including 28 with Down 304 patients including 28 with Down 
syndromesyndrome

Lehrnbecher Leukemia 2004
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Comparison of Infections on CCGComparison of Infections on CCG--2961 and BFM2961 and BFM--9393

20%

20%

31%
26%
24%
16%

Most common causes of infectious mortality
Aspergillus spp.
Candida spp.
CoNS
VGS

6.6%11%Infection-related mortality

83%
11%

56%
13%

Most common sites
Blood
Lung

CoNS 32%
VGS 22%

CoNS 18%
VGS 10%

Candida spp. 10%

Most common isolates*

81%
19%

69%
31%

Bacterial infections*
Gram positive
Gram negative

Approx 30%60%At least 1 microbiologically documented infection

5.89.6Median age (years)

AraC 100 mg/m2/d x 8d
Dauno 60 mg/m2/d x 3d OR

Ida 12 mg/ m2x 3d
VP16 150 mg/ m2/day x 3d

AraC 200 mg/ m2/d x 8d 
Dauno 20 mg/ m2/d x 4d

Ida 5 mg/ m2/d x 4d
VP16 100 mg/ m2/d x 8d
6TG 100 mg/ m2/d x 8d

Dex 6 mg/ m2/d x 8d

Induction Regimen

304492N

BFM-93CCG-2961

* All sites on CCG-2961 and bloodstream on BFM-93

CCGCCG--28912891
Phase 1Phase 1
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CCGCCG--28912891
Phase 2Phase 2

Remission Following Induction
N=652

No Family Donor
N=471

Chemotherapy
N=179

Autologous SCT
N=177

MFD

Allogeneic SCT
N=181

Viridans Group Streptococci Viridans Group Streptococci 
(VGS) on CCG(VGS) on CCG--28912891

Viridans group streptococcal bacteremia Viridans group streptococcal bacteremia --
most common cause bacteremia most common cause bacteremia 
18/887 (21%) of patients at least one 18/887 (21%) of patients at least one 
episodeepisode
Accounted for 25% of all bacteremiaAccounted for 25% of all bacteremia
59% 59% ““lifelife--threateningthreatening””

Gamis JCO 2000
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Risk Factors for VGS BacteremiaRisk Factors for VGS Bacteremia

Additional InsightsAdditional Insights
More Risk Factors for VGSMore Risk Factors for VGS

Asians had no reported episodes (P=.04)Asians had no reported episodes (P=.04)
Those with grade 3 or 4 GI toxicity had more Those with grade 3 or 4 GI toxicity had more 
VGS (21% VGS (21% vsvs 12%, P<.01)12%, P<.01)

Recurrence RiskRecurrence Risk
Those with one episode and were exposed to Those with one episode and were exposed to 
next course of chemotherapy had recurrence next course of chemotherapy had recurrence 
risk 31%risk 31%
Those with an episode during both induction Those with an episode during both induction 
courses had 44% risk of third episodecourses had 44% risk of third episode
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Other Lessons from CCGOther Lessons from CCG--28912891
Infections by Intensity of Infections by Intensity of 

ChemotherapyChemotherapy
Phase 1 (induction), randomized to intensive Phase 1 (induction), randomized to intensive 
or standard timingor standard timing
Phase 2 (consolidation), those with a family Phase 2 (consolidation), those with a family 
donor were allocated allogeneic stem cell donor were allocated allogeneic stem cell 
transplantation (SCT); remainder were transplantation (SCT); remainder were 
randomized to autologous SCT or randomized to autologous SCT or 
chemotherapychemotherapy
Opportunity to compare infections between Opportunity to compare infections between 
different treatments on an intentdifferent treatments on an intent--toto--treat basistreat basis

Sung et al. Cancer 2009; 115:1100-8

<0.00148 (14.0%)13  (3.9%)Viruses

<0.00140 (11.7%)5  (1.5%)Molds

<0.00165 (19.0%)28 (8.4%)Yeasts

<0.00194 (27.4%)33  (9.9%)Fungi

0.09213 (3.8%)5 (1.5%)Enterobacter species

0.43416 (4.7%)11 (3.3%)Escherichiae coli

0.15321 (6.1%)12  (3.6%)Klebsiella species

0.00532 (9.3%)13  (3.9%)Pseudomonas species

<0.00191 (26.5%)46 (13.7%)All Gram negative bacteria

0.71417 (5.0%)14 (4.2%)Staphylococcus aureus

0.18824 (7.0%)15 (4.5%)Enterococcus species

0.00553 (15.5%)28 (8.4%)Viridans group Streptococcus

0.26653 (15.5%)41  (12.2%)Coagulase negative staphylcococci

<0.001159 (46.4%)107 (31.9%)All Gram positive bacteria

<0.001198 (57.7%)132 (39.4%)Bacteria

343335Number of Patients 

P 
value

Intensive
Timing

Standard
Timing

Infections in Induction by Intensive Infections in Induction by Intensive vsvs
Standard TimingStandard Timing
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<0.00148 (14.0%)13  (3.9%)Viruses

<0.00140 (11.7%)5  (1.5%)Molds

<0.00165 (19.0%)28 (8.4%)Yeasts

<0.00194 (27.4%)33  (9.9%)Fungi

0.09213 (3.8%)5 (1.5%)Enterobacter species

0.43416 (4.7%)11 (3.3%)Escherichiae coli

0.15321 (6.1%)12  (3.6%)Klebsiella species

0.00532 (9.3%)13  (3.9%)Pseudomonas species

<0.00191 (26.5%)46 (13.7%)All Gram negative bacteria

0.71417 (5.0%)14 (4.2%)Staphylococcus aureus

0.18824 (7.0%)15 (4.5%)Enterococcus species

0.00553 (15.5%)28 (8.4%)Viridans group Streptococcus

0.26653 (15.5%)41  (12.2%)Coagulase negative staphylcococci

<0.001159 (46.4%)107 (31.9%)All Gram positive bacteria

<0.001198 (57.7%)132 (39.4%)Bacteria

343335Number of Patients 

P 
value

Intensive
Timing

Standard
Timing

Infections in Induction by Intensive Infections in Induction by Intensive vsvs
Standard TimingStandard Timing

Infections by ConsolidationInfections by Consolidation

0.72819 (12.9%)0.15112(8.8%)7 (4.2%)Viruses

0.3323 (2.0%)0.4652(1.5%)5 (3.0%)Molds

0.3016 (4.1%)1.0009 (6.6%)12 (7.1%)Yeasts

1.0009 (6.1%)0.69011(8.0%)16 (9.5%)Fungi

1.0003 (2.0%)1.0003 (2.2%)4 (2.4%)Enterobacter species

0.8229 (6.1%)0.6357 (5.1%)12 (7.1%)Escherichiae coli

0.2714 (2.7%)1.0007 (5.1%)9 (5.4%)Klebsiella species

1.00010 (6.8%)0.51712 (8.8%)11 (6.5%)Pseudomonas species

0.19532 (21.8%)0.51734 (24.8%)48 (28.6%)All Gram negative bacteria

1.0003 (2.0%)1.0003 (2.2%)3 (1.8%)Staphylococcus aureus

0.4805 (3.4%)0.3086 (4.4%)3 (1.8%)Enterococcus species

<0.0014 (2.7%)0.63219 (13.4%)27 (16.1%)Viridans group Streptococcus

0.72418 (12.2%)0.71917 (12.4%)18 (10.7)%CoNS

0.05540 (27.2%)0.63247 (34.3%)63 (37.5%)All Gram positive bacteria

0.00559 (40.1%)0.30069 (50.4%)95 (56.5%)Bacteria

147137168Number of Patients 

P valAllo SCTP  valAuto SCTChemo
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So Where do We Go From So Where do We Go From 
Here?Here?

1.1. Improving risk stratificationImproving risk stratification
2.2. Improving outcomes related to invasive Improving outcomes related to invasive 

fungal infectionsfungal infections
3.3. Improving outcomes related to bacterial Improving outcomes related to bacterial 

infectionsinfections

Improving Risk StratificationImproving Risk Stratification

Risk stratification for cancer therapy:Risk stratification for cancer therapy:
ALLALL
AMLAML
NeuroblastomaNeuroblastoma

? Similar approach for infection? Similar approach for infection
Tailored therapyTailored therapy
Intensity of infection prophylaxis, preIntensity of infection prophylaxis, pre--emptive emptive 
therapy, empiric therapy or treatmenttherapy, empiric therapy or treatment
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Contributing Factors to Infection Risk and Contributing Factors to Infection Risk and 
OutcomeOutcome

Environment
Chemotherapy

Local flora

Host Factors
Polymorphisms

Age
Mucositis

CVL

Antimicrobials
Empiric

Therapeutic
Prophylactic

Genetic Component to Susceptibility and Genetic Component to Susceptibility and 
Outcome of InfectionOutcome of Infection

Danish adoption registryDanish adoption registry
Premature death from infection much more heritable Premature death from infection much more heritable 
compared to premature death from cancer or compared to premature death from cancer or 
cardiovascular diseasecardiovascular disease

BIOLOGICAL PARENT DIED OF INFECTION: BIOLOGICAL PARENT DIED OF INFECTION: 
Child increased risk of premature infectious death
RR 5.8; 95% CI 2.5, 13.7

ADOPTIVE PARENT DIED OF INFECTION:ADOPTIVE PARENT DIED OF INFECTION:
No increased risk of premature infectious death in child
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Potential Effect of SNPs on Risk Potential Effect of SNPs on Risk 
of Infectionof Infection

Genetic variation Genetic variation –– single nucleotide single nucleotide 
polymorphsimspolymorphsims (SNP)(SNP)
Growing evidence that SNPs involved in Growing evidence that SNPs involved in 
infection risk or outcome in infection risk or outcome in immunocompetentimmunocompetent
and immunocompromised populationsand immunocompromised populations

Example TNFExample TNFαα--308308

Teuffel et al. Crit Care Med in press
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Prospective Study to Predict Prospective Study to Predict 
Infections in Children with AMLInfections in Children with AML

Primary Aim: Primary Aim: To determine the relationship To determine the relationship 
between the rate of invasive bacterial between the rate of invasive bacterial 
infection and SNPs in genes involved in infection and SNPs in genes involved in 
immunity for children primary AML. immunity for children primary AML. 

MethodsMethods

Prospective, population based cohort Prospective, population based cohort 
studystudy
All children with primary AML in Canada All children with primary AML in Canada 
and two centres in USand two centres in US
Somatic DNA within 30 days diagnosisSomatic DNA within 30 days diagnosis

Blood Blood –– isolate T lymphocytesisolate T lymphocytes
BuccalBuccal swabswab

Candidate gene SNP analysisCandidate gene SNP analysis
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OutcomesOutcomes

PrimaryPrimary
Number of invasive bacterial infections during Number of invasive bacterial infections during 
time period at risktime period at risk

SecondarySecondary
Occurrence Gram positive/negative infectionsOccurrence Gram positive/negative infections
Occurrence invasive fungal infectionOccurrence invasive fungal infection
Number of clinically documented infectionsNumber of clinically documented infections

Progress to DateProgress to Date
Year 3 of patient accrualYear 3 of patient accrual
Centres:Centres:

15 Canadian15 Canadian
2 US 2 US 

142/300 subjects142/300 subjects
Median age 9 years (range 0.2 to 17 years)Median age 9 years (range 0.2 to 17 years)
Adequate DNA from allAdequate DNA from all
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Studies in Studies in 
Development at COGDevelopment at COG

Improving Outcomes Related to Improving Outcomes Related to 
Invasive Fungal InfectionsInvasive Fungal Infections

CCGCCG--2961 2961 –– 14 to 21% of children 14 to 21% of children 
experienced at least one invasive fungal experienced at least one invasive fungal 
infectioninfection
Responsible for more than half infectionResponsible for more than half infection--
related deathsrelated deaths
Primarily Primarily CandidaCandida and and AspergillusAspergillus
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Strategies to Improve Fungal Strategies to Improve Fungal 
OutcomesOutcomes

ProphylaxisProphylaxis
PrePre--emptiveemptive
Empiric therapyEmpiric therapy
TreatmentTreatment
Earlier diagnosisEarlier diagnosis

A Randomized Double Blind Trial A Randomized Double Blind Trial 
of of CaspofunginCaspofungin vsvs Fluconazole to Fluconazole to 
Prevent Invasive Fungal Infections Prevent Invasive Fungal Infections 

in Children Undergoing in Children Undergoing 
Chemotherapy for AMLChemotherapy for AML

Study Chair:Study Chair:
Theo Theo ZaoutisZaoutis MD, MD, MScMSc
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CaspofunginCaspofungin Prophylaxis Prophylaxis 
StudiesStudies

Children undergoing chemotherapy Children undergoing chemotherapy 
according to the next AML phase 3 trial according to the next AML phase 3 trial 
(AAML0931)(AAML0931)
DBRCT DBRCT –– IV fluconazole IV fluconazole vsvs caspofungincaspofungin
during periods of neutropeniaduring periods of neutropenia
Primary outcome Primary outcome –– proven or probable proven or probable 
invasive fungal infections according to invasive fungal infections according to 
modified EORTC/MSG criteriamodified EORTC/MSG criteria
Approximately 550 childrenApproximately 550 children

Other Concepts in Development Other Concepts in Development 
at COGat COG

Antibiotic prophylaxis in children at higher Antibiotic prophylaxis in children at higher 
risk of invasive bacterial infection risk of invasive bacterial infection 

AML, relapsed ALL, SCTAML, relapsed ALL, SCT
LevofloxacinLevofloxacin vsvs placeboplacebo

Prevention of catheterPrevention of catheter--related infectionsrelated infections
SCTSCT
ChlorhexidineChlorhexidine wipes wipes vsvs placeboplacebo
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ConclusionsConclusions
Infections continue to contribute substantial Infections continue to contribute substantial 
morbidity and mortality in paediatric AMLmorbidity and mortality in paediatric AML
CoCo--operative group trials and observational operative group trials and observational 
studies:studies:

Provide insight into pathogenesis of infectionProvide insight into pathogenesis of infection
Provide understanding that allows design of future Provide understanding that allows design of future 
interventional trialsinterventional trials

Need for RCTs to improve infection outcomesNeed for RCTs to improve infection outcomes
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