
Chemicals and childhood Chemicals and childhood 
leukemialeukemia

Claire Claire InfanteInfante--RivardRivard MD, PhDMD, PhD
McGill University, McGill University, MontrMontrééal, Canadaal, Canada

Currently at Currently at InsermInserm UMRUMR--S 754, Paris, FranceS 754, Paris, France
Supported by a UICC Supported by a UICC YamagiwaYamagiwa--Yoshida Yoshida 

Memorial International Cancer Study GrantMemorial International Cancer Study Grant



PlanPlan
Included and excluded Included and excluded ““chemicalschemicals””
Brief review of published results onBrief review of published results on
–– the association between these chemicals the association between these chemicals 

and leukemiaand leukemia
–– effect of these chemicals on leukemia as effect of these chemicals on leukemia as 

modified by gene variants (genemodified by gene variants (gene--
environment interactions)environment interactions)

Brief comments on these studiesBrief comments on these studies
Suggestions for the next steps (focus Suggestions for the next steps (focus 
on additional use of available studies on additional use of available studies 
but applicable to new studies)but applicable to new studies)



Included and Included and excludedexcluded chemicalschemicals

ExcludedExcluded elements (because covered elements (because covered 
elsewhere today): pesticides, elsewhere today): pesticides, 
parental (preparental (pre--conceptionalconceptional, prenatal) , prenatal) 
occupational exposureoccupational exposure



IncludedIncluded and excluded chemicalsand excluded chemicals
EnvironmentalEnvironmental exposures were most often exposures were most often 
studied as: studied as: 
–– mixtures from sources (e.g., mixtures from sources (e.g., ““hydrocarbonshydrocarbons””

from proximity to traffic & garages, from proximity to traffic & garages, ““solventssolvents””
from paint, environmental tobacco smoke as from paint, environmental tobacco smoke as 
marker for many chemicals)marker for many chemicals)

–– occasionally, specific contaminants or families occasionally, specific contaminants or families 
of contaminants were studied (e.g., of contaminants were studied (e.g., 
trihalomethanestrihalomethanes in chlorinated water, or in chlorinated water, or 
benzene outside the residence)benzene outside the residence)

–– The best classification of pollutants we could The best classification of pollutants we could 
achieve with the leukemia studies is probably: achieve with the leukemia studies is probably: 
organic and inorganic (not helpful!) organic and inorganic (not helpful!) 

Classifications of chemicals are very rare Classifications of chemicals are very rare 
in the relevant epidemiological papers in the relevant epidemiological papers 

See one example See one example InfanteInfante--RivardRivard et al. EHP 2005et al. EHP 2005





IncludedIncluded and and excludedexcluded ““chemicalschemicals””
Included, are studies published between Included, are studies published between 19981998--
20082008 on:on:

Parental smoking Parental smoking 
Outdoor pollution (traffic, industries)Outdoor pollution (traffic, industries)
Indoor contaminantsIndoor contaminants
Water contaminantsWater contaminants

Focus on acute Focus on acute lymphoblasticlymphoblastic leukemia (ALL)leukemia (ALL)
Time window for exposure: preconception, Time window for exposure: preconception, 
prenatal, postnatalprenatal, postnatal
Excluded Excluded (but could have been included!) (but could have been included!) are studies onare studies on::

Medication, recreational drugs, and dietMedication, recreational drugs, and diet
Parental alcohol consumptionParental alcohol consumption
ClusterCluster--related studies that could involve chemicals related studies that could involve chemicals 



Review of studiesReview of studies--Parental smokingParental smoking
12 case12 case--control reports (3 from same control reports (3 from same 
French study) and 1 registryFrench study) and 1 registry--based cohort based cohort 
study study 

Exposure assessment Exposure assessment 
parental reporting at time of diagnosis or parental reporting at time of diagnosis or 
ascertainment, or smoking  information at ascertainment, or smoking  information at 
first prenatal care visit as entered on birth first prenatal care visit as entered on birth 
registry (1 study)registry (1 study)

Results are quite consistently Results are quite consistently 
negativenegative



Review of studiesReview of studies--Parental smokingParental smoking



Review of studiesReview of studies--outdoor pollutionoutdoor pollution
10 case10 case--control reports from 9 studiescontrol reports from 9 studies
4 ecological studies (area exposure 4 ecological studies (area exposure 
associated with geographical area associated with geographical area 
incidence dataincidence data
Exposure assessmentExposure assessment
–– varied, some using sophisticated modeling varied, some using sophisticated modeling 
–– most exposure estimates apply to an area near most exposure estimates apply to an area near 

the home (and at diagnosis only), but a few the home (and at diagnosis only), but a few 
are specific measures (and occasionally of are specific measures (and occasionally of 
specific contaminants) at the home specific contaminants) at the home 

Results mostly negative but not as Results mostly negative but not as 
consistently so as with parental smoking consistently so as with parental smoking 



Review of studiesReview of studies--indoor pollution: caseindoor pollution: case--control control 
studies (1)studies (1)



Review of studiesReview of studies--indoor pollution: caseindoor pollution: case--control control 
studies (2)studies (2)



Review of studiesReview of studies--outdoor pollution: ecological outdoor pollution: ecological 
studiesstudies



Review of studies: indoor air contaminantsReview of studies: indoor air contaminants

Only two studies foundOnly two studies found
Both are large and used the same Both are large and used the same 
questionnairequestionnaire
Control selection was differentControl selection was different
Results are apparently contradictory Results are apparently contradictory 



Review of studies: indoor air contaminantsReview of studies: indoor air contaminants



Review of studies: water contaminantsReview of studies: water contaminants

Two studies: one caseTwo studies: one case--control and control and 
one ecologicalone ecological
Exposure assessmentExposure assessment
–– Specific contaminants measuredSpecific contaminants measured
–– detailed in the Cdetailed in the C--C study including  C study including  

ecological and individual measurementsecological and individual measurements
–– vague and limited in the ecological vague and limited in the ecological 

studystudy

Both studies show negative resultsBoth studies show negative results



Review of studies: water contaminantsReview of studies: water contaminants



Review of studiesReview of studies--genegene--environmentenvironment

Four reports (for the chemicals Four reports (for the chemicals 
reviewed here) from only two studiesreviewed here) from only two studies
Analysis of interaction from caseAnalysis of interaction from case--
control, casecontrol, case--only, and case trios only, and case trios 
designsdesigns
Some positive signals from these Some positive signals from these 
limited datalimited data



Review of studiesReview of studies--genegene--environmentenvironment



Brief comments on the reviewed studiesBrief comments on the reviewed studies

Study design:Study design:
–– Often, all types of Often, all types of leukemiasleukemias analyzed analyzed 

together instead of ALL onlytogether instead of ALL only
–– small study sizesmall study size
–– nonnon--concurrent selection of controls by concurrent selection of controls by 

RRD at unspecified time but likely at RRD at unspecified time but likely at 
time of study rather than at time of time of study rather than at time of 
case incidence (i.e., not incidence case incidence (i.e., not incidence 
density sampling)density sampling)

–– reporting of participation incompletereporting of participation incomplete



Brief comments on the reviewed studiesBrief comments on the reviewed studies

–– Study for G x E Study for G x E 
CC--C inefficient and vulnerable to population C inefficient and vulnerable to population 
structure bias (PSB)structure bias (PSB)
CC--O very efficient but requires independence O very efficient but requires independence 
assumption of Gassumption of G--E in controls, and is also E in controls, and is also 
vulnerable to PSB vulnerable to PSB 
The caseThe case--parent trio approach (to study parent trio approach (to study 
departure from expected transmission of the departure from expected transmission of the 
alleles) not vulnerable to PBS; relaxed alleles) not vulnerable to PBS; relaxed 
independence assumption; more costlyindependence assumption; more costly
Sample size issueSample size issue



SampleSample size: size: alpha=.05, power=.8, allele freq=.05, alpha=.05, power=.8, allele freq=.05, 
prevalence of prevalence of EE=.10, Re=1.5, =.10, Re=1.5, RgRg=1.5 =1.5 RgeRge=3 =3 

Dominant modelDominant model
Goal: study G x EGoal: study G x E

251 251 
cases cases 
onlyonly

728 728 
casecase--
parent parent 
triostrios

830 830 
sib sib 
pairspairs

955 C955 C--C C 
pairspairs

G x EG x E



Brief comments on the reviewed studiesBrief comments on the reviewed studies

Exposure assessment: parental Exposure assessment: parental 
smokingsmoking
–– Assuming that parental smoking is Assuming that parental smoking is 

measured adequately, results for measured adequately, results for 
maternal smoking during pregnancy are maternal smoking during pregnancy are 
very disappointing and do not point to very disappointing and do not point to 
strong environmental effectsstrong environmental effects

–– However, G x E analyses may change However, G x E analyses may change 
this perspectivethis perspective



Brief comments on the reviewed studiesBrief comments on the reviewed studies

Exposure assessment: outdoor pollutantsExposure assessment: outdoor pollutants
–– major challengemajor challenge
–– most studies measured exposure near the most studies measured exposure near the 

address at diagnosis, and only for that oneaddress at diagnosis, and only for that one
–– one Cone C--C study (C study (RaaschouRaaschou--Nielsen) developed Nielsen) developed 

sophisticated measures for appropriate time sophisticated measures for appropriate time 
window, with contaminant measures at the window, with contaminant measures at the 
home, and included a validation subhome, and included a validation sub--study study 
(results were negative)(results were negative)



Brief comments on the reviewed studiesBrief comments on the reviewed studies

The rate of published studies on The rate of published studies on 
environmental factors and childhood environmental factors and childhood 
leukemia seems to have gone down in leukemia seems to have gone down in 
recent yearsrecent years
The more recent studies using dead cases The more recent studies using dead cases 
are not idealare not ideal
Overall, no environmental risk factor Overall, no environmental risk factor 
(among the reviewed ones) comes out as (among the reviewed ones) comes out as 
a strong determinant for childhood a strong determinant for childhood 
leukemialeukemia
Is that the end of the story?Is that the end of the story?



Some suggestions for next stepsSome suggestions for next steps
Assuming that:Assuming that:
–– new large Cnew large C--C studies are not going to be C studies are not going to be 

available in the immediate futureavailable in the immediate future
–– little can be done in existing studies to little can be done in existing studies to 

markedly improve exposure assessment markedly improve exposure assessment 
methods (another chapter!)methods (another chapter!)

–– most studies from which the results were most studies from which the results were 
presented here have collected a set of risk presented here have collected a set of risk 
factor data that are relatively similarfactor data that are relatively similar

–– many have or are collecting genetic materialmany have or are collecting genetic material
–– most PIs have published basic analyses on this most PIs have published basic analyses on this 

set of risk factorsset of risk factors
What are some possible strategies to What are some possible strategies to 
maximize use of collected data? maximize use of collected data? 



Some suggestions for next stepsSome suggestions for next steps

1. Pooling of data for E and G x E 1. Pooling of data for E and G x E 
effectseffects
–– Advantages:Advantages:

Increase in study powerIncrease in study power
Possibly revealing meaningful differences (if Possibly revealing meaningful differences (if 
any) leading to further hypothesesany) leading to further hypotheses

–– Disadvantages: Disadvantages: 
Requires non trivial amount of work to Requires non trivial amount of work to 
harmonize the data; and may not always be harmonize the data; and may not always be 
possiblepossible
Some loss of ownershipSome loss of ownership



Some suggestions for next stepsSome suggestions for next steps

2. Pooling of analyses 2. Pooling of analyses (within and across (within and across 
studies)studies) using caseusing case--control and familycontrol and family--
based data together based data together (a number of studies (a number of studies 
have collected genetic material from case (and have collected genetic material from case (and 
occasionally  control) parents) occasionally  control) parents) 
–– Such statistical genetics methods are available Such statistical genetics methods are available 

and some are developing (and some are developing (““hybrid modelshybrid models””))
–– Advantages: Advantages: 

Increased efficiency; combined estimate; formal Increased efficiency; combined estimate; formal 
testing for PSB before combining estimatestesting for PSB before combining estimates

–– Disadvantages:Disadvantages:
Not trivial or mainstream yetNot trivial or mainstream yet



Some suggestions for next stepsSome suggestions for next steps
3. A more in3. A more in--depth review of depth review of 
published results (not to criticize but published results (not to criticize but 
maybe to better understand the maybe to better understand the 
results) results) 
–– List of detailed methodological criteria:List of detailed methodological criteria:

particularly related to selection and particularly related to selection and 
participation of controls (selection bias)participation of controls (selection bias)
also as related to interviewing   also as related to interviewing   

–– Quantitative probabilistic assessment of Quantitative probabilistic assessment of 
sensitivity to misclassification, selection sensitivity to misclassification, selection 
and confounder bias in published and confounder bias in published 
studiesstudies



Some suggestions for next stepsSome suggestions for next steps
4. Combining ecological and individual 4. Combining ecological and individual 
study designs/datastudy designs/data
–– e.g., studying the relation between a water e.g., studying the relation between a water 

contaminant in distribution systems and rates contaminant in distribution systems and rates 
of cancer in a regionof cancer in a region

–– Inference limitations if there is withinInference limitations if there is within--area area 
variability for the main and related variability for the main and related 
contaminants as well as confounding (e.g., age contaminants as well as confounding (e.g., age 
and gender distribution)and gender distribution)

–– Based on levels of contaminant under study, Based on levels of contaminant under study, 
develop strategy for phase 2 sampling of develop strategy for phase 2 sampling of 
individuals (caseindividuals (case--control status, confounders, control status, confounders, 
home samples, etc) home samples, etc) 



Some suggestions for next stepsSome suggestions for next steps
–– Maybe with some counterMaybe with some counter--matching (cases and matching (cases and 

controls selected for future finer exposure  controls selected for future finer exposure  
assessment based on being in opposite assessment based on being in opposite 
categories of the proxy E measure categories of the proxy E measure 

–– Use both phase I and phase II data in the Use both phase I and phase II data in the 
analysisanalysis

–– Power/efficiency of individual exposure data Power/efficiency of individual exposure data 
may be increased while  ecological bias may be increased while  ecological bias 
(unmeasured area(unmeasured area--level variables or factors level variables or factors 
that vary between  individuals) reduced that vary between  individuals) reduced 

–– Methodological refinements are in development Methodological refinements are in development 
and related analyses (and software codes) as and related analyses (and software codes) as 
well well 



ConclusionsConclusions
So far none of the environmental So far none of the environmental 
contaminants covered in this talk contaminants covered in this talk 
have emerged as a strong RF for have emerged as a strong RF for 
leukemialeukemia
Fewer studies being published Fewer studies being published 
recentlyrecently
Turning point: Turning point: 
–– Wait for new and better studies! or Wait for new and better studies! or 

revisit the considerable potential of revisit the considerable potential of 
existing ones with feasible strategiesexisting ones with feasible strategies

–– Urgently: Urgently: ““Go genetics!Go genetics!””


	Chemicals and childhood leukemia
	Plan
	Included and excluded chemicals
	Included and excluded chemicals
	Included and excluded “chemicals”
	Review of studies-Parental smoking
	Review of studies-Parental smoking
	Review of studies-outdoor pollution
	Review of studies-indoor pollution: case-control studies (1)
	Review of studies-indoor pollution: case-control studies (2)
	Review of studies-outdoor pollution: ecological studies
	Review of studies: indoor air contaminants
	Review of studies: indoor air contaminants
	Review of studies: water contaminants
	Review of studies: water contaminants
	Review of studies-gene-environment
	Review of studies-gene-environment
	Brief comments on the reviewed studies
	Brief comments on the reviewed studies
	Sample size: alpha=.05, power=.8, allele freq=.05, prevalence of E=.10, Re=1.5, Rg=1.5 Rge=3 Dominant modelGoal: study G x E
	Brief comments on the reviewed studies
	Brief comments on the reviewed studies
	Brief comments on the reviewed studies
	Some suggestions for next steps
	Some suggestions for next steps
	Some suggestions for next steps
	Some suggestions for next steps
	Some suggestions for next steps
	Some suggestions for next steps
	Conclusions

