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Plan

¢ Included and excluded “chemicals™

¢ Brief review of published results on

— the association between these chemicals
and leukemia

— efffect off these chemicals on leukemial as
medified by, gene; variants (gene-
environment Interactions)

¢ Brieff comments on these studies

¢ Sliggestions for the, next steps! (flecus
N additionalFtsereifavallablerstiicies
PUE applicablertornews stlicies)



Included and excluded chemicals

¢ Excluded elements (because covered
elsewhere today): pesticides,
parental (pre-conceptional, prenatal)
eccUupational exposure



Included and excluded chemicals

¢ Environmental exposures were most often
studied as:

— mixtures from sources (e.g., hydrocarbons”
from proximity to traffic & garages, "solvents™
from paint, environmental tobacco smoke as
marker for many: chemicals)

— occasionally;, specific contaminants or families
off contaminants were, studied (e.q.,
trihalomethanes; in chlorinated wWater, or
PENZENE outside; the residence)

— e best classification of pollttants we' coula
achieve wWithr the letikemiial studies) s preapiy:
erdanic andinerganici (Net nelpiully

¢ Classiiiications off chemicals are VErY. rakre

IR ERE FEleVant epldemivleogical PaPEss
» See one example infante-Rivard et ali EFNPF2005




Tahle 1. Matrix of specific chemicals, complex mixtures of chemicals, and chemical families used in the
analysis.

Chemical familiest
Cocje’ 4 h

Specific chemicals I
rAethanol 23z
Ethanol 233
lsopropanol 234
Ethylene glycol 235
Carbon tetrachloride 237
Chiloroform 238
rAethylers chiloride £33
1.1.1-Trichloroethane 240
Trichlorosethylens 247
Ferchlomethyvlene 243
Etlvvlena dichloride 200
Apetone 248
rA=thy] etyl ketone 204
Benzers 252
Toluerns 253
Eylena L |
Ethyl acetate 302
Diethy] etwr 2R
TureE=ntirs 280
Carbon disulfide 2B
Butyl cellosalve 306

rAitures
Mineral spirits post-19709 202
rineral spirits pre-19707 203
Leaded gazsoline 191
Linleaded gasaline 7949
Aviation gasoline 190
Fermsers 195

fTheasa codes were usad by Siemiatycki (19911 to catalogue and define the varous substances, and they can thus be used
to easily find additonal information aon these chamicals in that referenca. ®BChemical families: 1, alkanas (CE—C17};
2, aliphatic alcohols; 3, chlornated alkanas; 4, chlorinated alkenas; &, aliphatic ketones; 6, mononucleaar aromatic hydro-
carbons; 7, aliphatic astars. X signifies that the agent listed to the left is a member of the chemical family indicated at
the top. “Before 1970, mineral spirits contained relativaly higher amoumnts of benzensa, toluane, and xylene due to igno-
rance of their toxic effects. X zignifias that the agant listed to the left contains componants that are membars of tha
chemical family indicated at the top.




Included and excluded “chemicals”

¢ Included, are studies published between 1998-
2008 on::
+ Parental smoking
¢ Outdoor pollution (traffic, industries)
¢ Indoor contaminants
o \Water contaminants

¢ Focus on acute lymphoblastic leukemia (ALL)

¢ [Iime windoew: for exposuUre: preconception,
premnatal, postnatal

¢ EXCluded (but could have beeniincluded!) aife StUCIES On:
o Medication) recreationaltdrtigs) and aiet
o Parental alconol consumption
¢ Cluster-relatedrstudies thiat couldinvelve chemicals



Review of studies-Parental smoking

¢ 12 case-control reports (3 from same
Frenchi study) and 1 registry-based cohort
study.

» EXposure assessment

¢ parental reporting at time of diagnoesis or
ascertainment, or smoking Infiormation at
frSt prenatal care visit as entered on: birth
registry. (1 study)

¢ Results are guite consistently,
HEGaLIVE



U Olls ells @ 0

Study author, vear, | N Father Mother Post-natal | Post-natal

countryv cases Preconception | pregnancy mother father
(ALL) {a.b.c)

Brondum “99 1842 NS (a) NS

us

Schuz “09 1037 NS (b) NS

Gemmany

Infante-Rivard 00 | 451 NS NS NS

Quebec, Canada

Alexander “01 49 NS

UK

Sorahan “01 1438 5% (c)

UK

Ocku “02 83 NS

Texas. US

Pang “03 1375 NS (b) NS

K

MMucci “04 505 S*

Sweden (negative)

Chang 06 281 NS (b) NS NS

MNorthen Calif.

Clavel "05 407 NS (b) NS NS NS

Aenegaux "05, "07 S (C07)

France

MAMacArthur “08 351 NS (c) NS (father

Canada NS)




Review of studies-outdoor pollution

¢ 10 case-control reports from 9 studies

¢ 4 ecological studies (area exposure
associated with geographicall area
Incidence data

& EXposuUre assessment
— Varied, seome using sophisticated moedeling

— MOSt exposure estimates apply. to an area near
the heme (@nakat diagnosis only.), but arfew
aife SPECIHC mEasures ((@and eccasionally o
SPECIHC cContaminants) at the home

¢ Results moestly negative BUt Not as
consistentlysorasiwithr parental  smeking



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

Author, vear,
Coumntrs

™ cases of leukemia
(A1)
Study period

Elements of the MNethods

Main results
S=statistcallv
significant

F evchting” 98
Svwweden

39

197683

=Livimz mear power
limi e

-when?
-pealkk WOz concentrations for
1-hour averages over 1 vear

NS

Pearsom “01
Denver US

o7 (78 ALL)
1976-1983

-exposure estimates apply to
addres: at diacmosis

-distance-weighted traffic
density hased <79, 20

-expressad im vehicles per day
(VFD)

=
Imcreased risk at
highest VPD

Faaschouw-Mielsen 01
Denmark

900 (731 ALL)
19681991

-exposure estimates apply o
period from pregmancy to
diagnosis

-extensive modeling

-traffic demsitv

-2 and benzene at front

door

Langhaolz 02
Los Angeles TS

212

19731984

—exposure estimates apply o
home at which child resided
lomgest

-distance weighted traffic
densitv

Fevmolds “04
Califormia US

-exposure estimates apply o
hirth period
-Foad and traffic demnsio-




Review of studies-indoor pollution: case-control

™ cases of

studies (2)

NIamn results

Elements of the MNethods

Author, vear,
Countrv

leuketmia (ATI)
Study period

S=statisticallv
significant

Steffen’ 04
Framce

280 (240 ALL)
199599

-Y/N exposure applies to period
hetween and diasnos=is

-property adjoining
neighboring business

~traffic in vicinity

=

pPropere
adjoining garage
or petrol statiomn)

Crosignand “04
Northern Itah-

120
1973-1997

-exXposure estimates apply
address at diagnosis

-mean annual concentration of
benzene ontside home

=
imcreased risk at
highest level

94 (ALL)
19972003

—2Xposure estimates apply
period from two vears hefore
birth to diagnosis

-=core based on proximity to
petrochemical complexes

308 dead cases
19952005

404 dead cases
19095 200=

—-2Xposure estimates apply to
home at death

N vearly average from
monitoring stations

-eXposure estimates apply to
home at death

-proportdon of workers in
mumicipality emploved in
petrochemical indusery

=
imcreased at
highest levels

=
at highest
percentile




Review of studies-outdoor pollution: ecological
studies

‘—"511{& Of, Vear,
Country

™ cases of
leuketrria (AT 1)
Stdyv period

Elements of the Methods

Main results
S=stansncallv
significant

Harrizon 99
TEK

Regional incidence
Leukemias
1990-1994

- exposure applies to address at
diagnosis

-living =100 m road of high traffic
density or petrol station or both

NS

Rewvnolds *02
California

Regional incidence
Leukemias and
ALL

1988-1994

-exposure estimates apply to
address at diagnosis

-vehicle density, road density,
traffic counts correlated with
ambient air monitoring data

Fewvnolds “03
Califormia

Fegional incidence
Leulemias amd
ALL

1988-1994

-exposure estimates apply to
address at diagnosis

-score for 25 hazardous air
pollutants based on their cancer
potency and modeled outdoor air
concentratons

5

at highest level
for combined
mohile, area, amd
point sources

Visser “04
Amsterdam. NL

Fegional incidence
Leukemias
19891997

-exposure estimates apply to
address at diagnosis

~traffic intensity score along main
roads

NS




Review of studies: indoor air contaminants

¢ Only two studies found

¢ Both are large and used the same
questionnaire

¢ Control selection was different
¢ Results arer apparenty: contradictory.



Review of studies: indoor air contaminants

N cases of
leulcerria
(ALL)
Stady
period

Elements of the Methods

Mam results
S=statistically
significant

Freedman 99 640
Us ALL
19591993

~controls selected bv RERD (date not
given)

-potential exposure to solvents by
gquestionnaire

-through hobbies and household
maintenance activities (applies to
vear before diagnoesis)

-through house paindng (applies to
pPreconceprion, pregnancy, and
postnatal periods)

-emphasis on frequency of activities

=

Freguent art
work using
zolvents

Alothers living in
homes with
extensive painting
prior to hirth

Infante-Rivard 05 Ta0
CQuebec, Canada ALL
19830-2000

-Controls selected from census-like
sampling frame at time of case
diagnozis

-potential exposure to solvents by
guestionmaire for preconception.
pregnancy, and postnatal periods

-same activities assessed as in
Freedman with less emphasis on
freguencies




Review of studies: water contaminants

¢ Iwo studies: one case-control and
one ecological

& EXposure assessment
— Specific contaminants measuread

— detalled in the C-C study: including
ecologicalland mdividtalimeasurements

—Vague and limited Rt the ecological
StuEy,

¢ Both studies show: negative: results



Review of studies: water contaminants

Author, vear,
Countrv

N cases of
leulcerma
(ALL)
Study period

Elements of the Methods

Mam results
S=statisticallv
significant

Infante-Rivard “01
CQuebec, Canada

490
ALL
1930-1993

Controls selected from census-like
sampling frame at time of case
diagnosis

-exposure applies to prenatal and
postnatal periods

-exposure to specific and total

concentrations of
trihalomethanes, and to specific
metals

-based on municipal and provinvial

regulatory data and on tap water

samples (the latter collected after
diagnosis)

NS

Aoore *(2
Nevada, US

ERegional
mcidence
Leukemia
19791999

-exposure estimates apply to
address at diagnosis

-arsenic in water bazed on health
department data (limited
information)




Review of studies-gene-environment

¢ Four reports (for the chemicals
reviewed here) from only two studies

» Analysis of interaction fifom case-
control, case-only, andl case tries
designs

» Seme positive signals fromi these
Iimitedidata



Review of studies-gene-environment

Author, vear,
Countrv

Twvpe of analvsis
for GxE
N subjects

Genes
Environmental factors

Main results
S=statisticallv
significant

Infante-Eivard “00
Duehec, Canada

Case-onh-
158 ALL cases

CYP1A1#*2A, 1B, =4

Alaternal smolking during
pregnancy: paternal smolking
from birth to dagnesis

NS increased risk at
highest evel during
pregnancy with *24
and *4

5 decreased risk at
intermediate level
during precnancy
with *2B

Clavel ‘05
Framce

Case-control
Casze-onh-

219 (195 ALL) cases
105 controls

-CIP1AL1=2A, GST (M1, T1.
Pl1), NQO1*2, EPHX1*), =4

Alaternal smoldng during
pregnancy

=

ever vs never for
CYP1AL*2A and
GSTALL in case-onbr
analbsis

Infante-Eivard “07
Quebec, Canada

Caze-trios (AL F. C)
654 families (ALL)

-NOQOL1=1

Adarernal smoldne during
pregnancy by trimester

M5

Infante-Eivard “02
Duehec, Canada

Casze-onh-
161 ALL cases

-GSTT1, CYP2ZEL*S

-Total trihalomethanes from
pregnancy to date of diagnosis,
bromoform., chloroform

= for GSTTI and
totml THAL

NS but imcreased for
CYPIEL#*S and
highest level of
chloroform




Brief comments on the reviewed studies

¢ Study design:
— Often, all types of leukemias analyzed
together instead of ALL only
— small study: size

— NORNF-CONCcUrrent selection; off controls by
RRIDI at unspecified time; but likely: at
time of study: rather than at time of
case ncidence (Ihey, Not ICIdERnCE
density, sampling)

—epertinereiparticipatioNNNCOMPIELE



Brief comments on the reviewed studies

— Study for G x E

+» C-C inefficient and vulnerable to population
structure bias (PSB)

+ C-0O very efficient but reqguires iIndependence
assumption off G-E in controels, and IS also
vulnerable; te: PSB

¢ [[he case-parent trier approach (tor study,
departure; fifom Expected transmission off the
alleles)rnot valneraple torPBES) relaxea
INAdEPENEENCE aSSUMPLIeR; MOKE COSHY

& Sample: siize Issue



Sample size: alpha=.05, power=.8, allele freq=.05,
prevalence of E=.10, Re=1.5, Rg=1.5 Rge=3
Dominant model
Goal: study G x E

G x E 955 C-C (8308 |728 2511
Palrs sib Case- Cases
pPalls [pakrent  [emly
le)s




Brief comments on the reviewed studies

» ExXposure assessment: parental
smoking

— Assumiing that parental smoking is
measured adequately, results for
maternaill smokingl during pregmnancy: are
Very: disappointingl and de net point te
stronagl envirenmentall efiiects

—HeWever, G x Eranaly/ses may: change
CNIS PErSpective



Brief comments on the reviewed studies

¢ ExXposure assessment: outdoor pollutants

— major challenge

— most studies measured exposure near the
address at diagnoesis, and only for that one

— one C-C study (Raaschou-Nielsen) developed
sephisticated measures for appropriate; time
windoew,, With contaminant measures! at the
neme, analinclitided a validation sub-study,
(results were negative)



Brief comments on the reviewed studies

¢ [he rate of published studies on
environmental factors and childhood
leukemia seems to have gone down in
FECENL YEarS

¢ [he more recent studies using dead cases
arée not ideal

¢ Overall, ne’ envirenmental risk factor
(Gmeng the FrevVieEwed GRES)! COMES oUlt as
2 strona  determinant e chlldheee
leukemia

¢ [s that the end o the story?



Some suggestions for next steps

¢ Assuming that:

— new large C-C studies are not going to be
available in the immediate future

— little can be done in existing studies to
markedly Improve exposure assessment
methoeds (another chapter!)

— most studies from which the results were
presented here have collected al set off risk
facter datal thiat are relatively: similar

— many; have or are collecting genetic material

—mest Pls have published vasic analV/sest onrthis
Set of risk factors

o \Whatlaherseme: Possible SthatedIES to
meXiimiZErUSE Ol ColIECIET daia




Some suggestions for next steps

¢ 1. Pooling of data for E and G x E
effects

— Advantages:
¢ Increase in study power
o Possibly revealing meaningfiull diffferences, (If;
any) leading to fitrther hypotheses
— DisadVantages:

» Requires non trvial amounit 6if Work to
HaFMeRIZE  the dattay and Mmay net alWways De
pPessible

» Some |ess el owWneErshiIp



Some suggestions for next steps

¢ 2. Pooling of analyses (within and across
studies) Using case-control and family-

Pased data together (a number of studies
nave collected genetic material from case (and
occasionally: control) parents)

— Suchi statistical genetics methoeds are; available
and seme are developing (hybridmoedels®)

— AdVantagess:

¢ Increased! efficiency; combined estimate; fiormal
testing fier PSB: berore; combining estimates

—DISgdValtageS:
o Not trivialifor malnstream Vet



Some suggestions for next steps

¢ 3. A more in-depth review of
published results (not to criticize but
maybe to better understand the
results)

— /st off detailedl methoedoelegical criterias:

o particularly: related te selection ana
palrticipation’ off controls: (Selection bias)

¢ dlso) as relateal to interviewing

— QUantitative propabilistic assessment off
SENSICIVIEY, te misclassilication), Selection
and coniGUREEr Biasiinr published
studies



Some suggestions for next steps

¢ 4. Combining ecological and individual
study designs/data

— e.d., studying the relation between a water
contaminant in distribution systems and rates
Off Cancer Ini a region

— [nference limitations iff there Is within-area
variapility: for the, main; andl related
contaminanits as well as confiounding (e.g., age
and gender distribution)

— Based on levels) o contaminanit URAEr study,
develep strategy: fior phase; 2 samplingl of
Individuals (Case-control statls), conffeUNAErS),
HeIME Samples) etc)



Some suggestions for next steps

— Maybe with some counter-matching (cases and
controls selected for future finer exposure
assessment based on being in opposite
categories of the proxy E measure

— Usge both phase I and phase IT data in the
analysis

— Power/efficiency. off Individual  expoesure data
Ay, BE Increased wWhile  ecological bias
(Unmeastred arearlevel Variables) O iaCtors
thiait Vakry: BEtWeen Individuals) reaucea

—Vethoaological relinemeEntsiare N development
and related analyses (@ndl seiitWare COEES) as
well



Conclusions

¢ So far none of the environmental

contaminants covered in this talk
lave emerged as a strong RF fior
eukemia

¢ Fewer' studies being publishea
recently,

¢ DUrFRING poIat:

—\Wait ffer new!: andbetter studies! or
fEVISIt the consideraple potential o
exIsting oRESIWIth ieasible strategies

—Urgentiys Ee gENELCS! =
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