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ABSTRACT
M. ELIZABETH HODGSON: The Case-only Method for Gene-Environment Intenacti
Studies: The Independence Assumption lllustrated with Empirical Datatfimublished
literature and Two Population-based Control groups, the Carolina Breast Camteaisl
the North Carolina Colon Cancer Study

(Under the direction of Robert C. Millikan)

Gene-environment interaction in the etiology of disease is a topic of on-going
interest. While there has been increasing use of the case-only stuglytddavestigate
gene-environment interaction in cancer, as well as other disease areamsabout the
underlying assumption that the genetic and environmental exposures are indeetindent i
underlying population (the independence assumption) have not been adequately addressed.
The case-only study design requires only cases, no population controls or cohort,ateestim
statistical interaction. This design has obvious cost advantages, as welkas som
methodological and ethical advantages. However, for results to be valid the independence
assumption must be met. There has been little investigation into the frequency and
magnitude of independence assumption violation for DNA repair genes and smoking, an
interaction of particular interest in cancer. Nor have optimal methods fortuzdidiae
independence assumption received much attention.

Empirical data of two types were used to evaluate the independence assuamption f
selected genetic variants and smoking behavior. A systematic revibe ldErature
identified 55 studies that presented the joint distribution of smoking and SNPs in 3 DNA

repair genes{RCC1Arg399GiIn, Arg194Trp, or Arg280Hi¥XPD Lys751GlIn, and



Asp312Asn, ankKRCC3Thr241Met). Measures of smoking were ever/never smoking,
current/not current smoker, duration of smoking (<=10 years, 11-20 years, *&)) yea
intensity (<1/2 pack/day, ¥2-1 pack/day, >1 pack/day), and pack-years (<=35qzask}35
pack-years). The odds ratio for SNP-smoking association in contro}$ @R used to
estimate the gene-environment association in the underlying population. Resud#d #inatw
OR; was not reliably null for any of the SNP-smoking combinations. StudiesXREC1
399 / ever-never smoking axdPD 751 / pack-years were too heterogeneous for summary
estimates [ranges, QIRO5% confidence interval (Cl)): 0.7 (0.4, 1.2) — 1.9 (1.2, 2.8) and 0.8
(0.5, 1.3) — 2.3 (0.8, 6.1), respectively). In addition, estimates for studies considered
homogeneous (Cochran’s Q p-value <0.10) varied 2- to 5-fold within meta-analysis. No
study characteristics were identified that could explain heterogeneity

Data from two population-based control groups, the Carolina Breast Cancer Study
and the North Carolina Colon Cancer Study, were used to evaluate the independence
assumption for smoking and a panel of eight metabolic and 26 DNA repair genes plausibl
related to smoking behavior. @®Ras not consistent across smoking measures precluding
the use of one smoking measure (e.g. ever-never) as a substitute for ey aitner
measures such as duration and dose. In particular, results for smoking statogteoften
near the null, while measures of smoking amount for the same SNPs were arsuffici
magnitude to cause appreciable bias in the case-only estimatgs=(0ORor >=1.4)
approximately half of the time. There were no strong patterns of the magnitudectiodir
of OR, differing by race, age, gender or biological pathway (xenobiotic mesaipddNA

repair).

Vi



Taken together, results suggest that, Giould be considered population-specific.
Therefore, the independence assumption should be evaluated in the population underlying a
case-only study, rather than in a proxy control group(s) or pooled controls. A dystema
search for relevant literature and control data, in addition to a comprehensiveievaitiat
all smoking measures used in the case-only analysis are essential fatienaltithe

independence assumption.
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. INTRODUCTION

The case-only study design as proposed by Prentice (1984) and popularized by
Piegorsch (1994) and Khoury (1996) has become increasingly popular over thexed,
especially for studies of gene-environment interaction (GXE) in cantcsruded in
epidemiologic studies to estimate the magnitude of statistical ititerdoetween two
measured exposures with respect to a given outcome [1-3]. This method reqlyiresses,
no population controls or cohort. Provided the design assumptions are met, the case-only
study can estimate statistical interactions that deviate from thglicalive null. The
relationship between gene-environment interaction estimated by therdgsedds ratio
(COR) and the same gene-environment interaction estimated by eocais®#-study can be
expressed as follows (OR=0dds ratio):

OR genevenv, case-onle ORgenerenvr, case-contrd(OR gene, case-contrdl OR envr, case-conth * Z
where Z (estimated by QRis the association between the gene and the environmental
exposure in the control group of a case-control study [3]. The quantitye[@&ur, case-control
/(OR gene, case-contrdl OR envr, case-contrd] IS SOMetimes referred to as the synergy index on a
multiplicative scale, or synergy index on a multiple scale (SIM). Wheap the&ro association
between the genetic exposure and the environmental exposure in the population (i.e. Z=1), the
case-only OR is equivalent to the (multiplicative) deviation from a (peyjeatlitiplicative
relationship between the genetic and environmental exposures (i.e. COR.=l&iMg these
abbreviations, the relationship can be expressed succinctly as:

COR =SIM * OR.



There are a number of possible causal and non-causal reasons for Z to take®n val
other than one. Values of Z greater or less than 1 can be due to a biological refationshi
between the gene and the exposure, either because the polymorphism itselfas\sacans
of the gene or because it is in linkage disequilibrium (LD) with a causal variaetn@-
causal reason for Z to vary from the null is that environmental and genetic eegpoay
have been non-differentially misclassified with respect to each otheandsppen when
population stratification is present [4]. Non-random misclassificatiortluéreihe genetic
exposure (e.g. through linkage disequilibrium) or the environmental exposure (gyg. hea
smokers underreport smoking more than light smokers) can also create apgsreatian in
a study population. Selection bias can also cause association between two expasures
study population. For instance, if smokers with a family history of the outcomesarikely
to participate as controls than smokers without a family history or non-smoklera fainily
history, a spurious inverse control group association could be created between smadking
any genetic exposure related to family history.

Conversely, a positive association could be seen in the study, even though there is no
association in the underlying population, if smokers with a family history arelikeleto
participate than non-smokers with a family history or smokers without ayfaratbry.

Cohort effects could affect control group associations if, for instance, agegrgtisure is
associated with longevity, and the environmental exposure is one that has changedgeeval
in the population over time, such as smoking or dietary patterns. Chance can atsmjday
Since the expectation that Z=1 is a large sample asymptotic approximatiams size
decreases, Z will deviate from the null with increasing frequency throndlomaerror alone

[5]. Consequently, as Z is evaluated in subgroups, and sample size drops, Z can daviate fr



unity by chance alone. Further, as sample size decreases, the power to deaetibimialso
drops sharply [6]. The assumption that Z=1 can only be evaluated if both exposures have
been measured in the population at risk or, in the context of a case-control study, in an
appropriate control population.

There are clear advantages to the case-only method in several settingsckdie |
requirement for a control group reduces costs, but there are methodologicthicald e
advantages as well. Differential recruiting success between gabsesr#rols raises
guestions of selection bias and the difficulty of establishing an appropriate apotuplfor
hospital-based studies of rare diseases is well known [7]. Because onlgreasesd in the
analysis, recall bias generated by differential recall between aadentrols cannot affect
case-only studies, although differential recall among cases by@anéfor environmental
factors is still possibleEstimation of the interaction parameter from case-only analyses is
more efficient than for a traditional case-control study (i.e. fewasca®e required for
similar precision of estimate) [8]. Invasive procedures that are paases$'cdiagnosis or
treatment often cannot be done ethically in healthy volunteers, especially wignahie
populations such as children [9]. Additionally, the cost/benefit balance for cim@istudy
that collects genetic information is different than for a study that does nettapdinetic
information. That is, there are potentially greater costs (e.g. potensiasenof information,
potential for unwanted information about genetically related individuals to bded\eda.)
for the same benefits.

Further, questions of sample size have a strong albeit controversial eitmieasidn,
with some arguing that smaller studies are more ethical due to a morébfavaiagbenefit

ratio [10-11], and others arguing that under-powered studies are unethical [12Rl3ls T



particularly relevant for gene-environment interaction research, wineteaditional case-
control approach requires large sample sizes, and there is ongoing interestrimgxjalid
alternative methodologies such as sequential testing, or case-only Rudied5].

But these advantages come at a cost. A case-only study only estimatesianien a
multiplicative scale, and cannot estimate the independent effect of eifusuee, or additive
joint effects, limiting its use to situations where the independent or additactedf the two
exposures are not of interest. However, where independent effects are ak#atbsoribed
(e.g. smoking and lung cancer) or thought to be negligible (e.qg. low penetrancepbiym
genes) this may still be an attractive design [2]. It has been proposed esrmengcmethod to
identify candidate genes, or gene-environment or gene-gene interactions thet may
etiologically important for further investigation [5, 16-17].

In addition to limits on the estimates that can be obtained, the validity ebobse
studies is limited by multiple design assumptions. Many are common todehaplogic
study designs; no misclassification of exposure or disease, no selection bias, nmledont
confounding and a sufficient sample size are examples. In addition, howevelidite ofa
the case-only estimate of interaction rests on the assumption that the twares@oe
independent in the population from which the cases arose [2], referred to henceforth as the

independence assumption.



II. REVIEW OF THE LITERATURE
A. Published case-only analyses

To date, numerous studies have been published using the case-only method of
assessing interaction. Although the case-only study design is thdbyreipgdicable to
studying statistical interaction between any two exposures for a gase definition, it has
been proposed as particularly useful for gene-environment interaction or gene-ge
interaction [3]. The distribution of published reports bears this out. Of the 27 case-only
interaction studies found in PubMed from Jan 1, 2007- Sept 21, 2009 [search term: “case-
only” , Limits: English, Human], 25 contained assessments of gene-enviromiggattion,
with strongest interest in cancer outcomes (18 publications). Two includeebgae
interaction; four included environment-environment interaction where environment wa
broadly defined as any non-genotypic factor.

Of the 15 most recent case-only interaction analyses published (2008-2009) 11 were
nested in existing case-control studies, one was nested in a cohort althoughdgeaetiere
not available for non-cases and three were stand-alone case-only studies @i aontr
cohort). For approximately half of the nested analyses, both the casestimigtes of
interaction (COR) and case-control estimates of interaction [SIMeraiction odds ratio
(IOR)] were presented. Case-only analyses fully nested in cas®icstudies (also called
adjunct case-only analyses) are generally performed to take advantaganofaased
precision afforded by the case-only approach, or address potential shortcomiggs in t
controls, such as differential recall between cases and controls [18] oresjmmse rate in

controls [19]. In fact, over the last decade, at least two variations on thertgsgproach



have been implemented: partially nested extensions of case-control studi¢gen@drhses
added to the cases in a case-control study) [20-22], interaction of time-vaoygalkation-
level factors and fixed individual-level factors [23-24].

Smoking behavior and/or tobacco use is the single most frequently examined
environmental exposure in case-only interaction analyses. It was asseggatxmaately
half of the case-only analyses in the last two years, most often in conjunithorenobiotic
metabolizing genes [e.GSTs (glutathione S-transferase€)YP1Al(cytochrome P450,
family 1, subfamily A, polypeptide 1)]. DNA repair genes are often exadhin traditional
interaction studies, frequently with smoking, however, there have only been twantase-
interaction analyses of DNA repair genes between Jan 1, 2007 and Sept 23, 2009 and neither
examined smoking [25-26].

In the recent literature (2008-2009), in addition to nested case-only studies, there
have been three stand-alone case-only analyses (i.e. no controls, no relevimtadaitrols
and/or no case-control estimates presented [25, 27-28]. Studies designed asydase-onl
controls) have been employed to address a range of issues beyond increasied preci
reduced cost. Case-only studies can address the ethical problem of carryingsie iova
frightening exposure measurements on healthy participants, particuigdien [9, 25, 29-

32]. They have been used to examine interaction when a control group is not easily
identifiable, as in the case of very rare diseases where cases areddaler several

population [33-34], where appropriate controls are prohibitively expensive to id&g]fgi

for special populations such as centenarians [16, 36]. When the genetic exposure g both ra
and highly penetrant, such BRCA1/2 it may be prohibitively difficult to collect sufficient

controls for interaction analyses [34, 37-39].



An important distinction among the case-only studies of gene-environment tioterac
is their approach to verifying the source population assumption of independence. At the
extremes, approaches range from no explicit mention of the independence mss[iApB7,

40] to assessment in a sample of a geographically and demographicady gopulation

[25, 41]. Justification is often based on the plausibility of the independence assuahmbe

[9, 18, 27, 34, 42-48]. However, a number of studies have undertaken more quantitative
evaluations of the independence assumption [20-22, 25-26, 35, 41, 49-53]. Among the case-
only studies published in 2008-2009, only one presented the control-only estimafe®(OR

the relevant analyses [35]. Two of the three stand-alone case studiesljtistifie

independence assumption: 1) Smits (2008) referenced a large study of pooled GSE€ control
[28, 54] and 2) Yang (2008) used subjects “randomly selected from the same population”
[25]. Not surprisingly, most case-only studies that presented a quantitativeior se

guantitative assessment of the independence assumption were at lesbt pastied within
case-control studies. Although nested case-only studies can assess the independence
assumption most rigorously, assuming the control group adequately representeithgng
population, the fact that they have a control group means that cannot realizédbst foi

ethical advantages that help make the case-only study design attractive.

A number of approaches have been taken for quantitative assessment of the
independence assumption, whether the independence assumption is being evaluated in study
control groups and/or in ancillary data (i.e. data external to the published sttiay)gh all
approaches have ultimately relied almost exclusively on statistgraficance. Some studies
assessed the independence assumption using tést for categorical variables &t0.05,

while others simply stated that no significant associations were found, wifiemifysng



method of assessment. Few studies provided information on the magnitude of any
associations between genotype and environmental exposure from control groupliéagy anc
data. However, even in the most thorough presentations of control-only data, statistical
significance is the paramount concern. For example, in Egan (2003), wheedeglyi

adjusted case-only and control-only analyses of each categorization of envitainme

exposure and subgroup examined were presented side by side [52], the magnitude gf the OR
in controls varied from 0.5 to 1.1, yet only the sole statistically significattcation was
considered problematic. Similarly, data presented in Marcus et. al. (2000¢@licalculation

of control group OB for each study included in the pooled analysis, which showed wide
variation in the magnitude of QR(0.5 - 1.8).

Stand-alone case-only studies often do not present any quantitative asse$sneent
independence assumption. One stand-alone study to do so calculated unadjusted OR
(95%Cl)s from published control group cross-classifications of genoG)Ye1B1
Val432Leu, catechol-O-methyltransferg€OMT)Val1l08Met and sulfotransferase 1A,
member 1 $ULT1AL)Arg213His] and environmental exposure (smoking, ever/never) and
presented an OR95% CI) for each of the 3 associations studied [53]. All associations
between ever smoking and variant genotype were weakly inverse and noneatistreadity
significant: OR (95%CI) = 0.77 (0.19, 3.10) f@YP1B1(Leu/Leu vs. any Val), 0.90 (0.45,
1.81) forCOMT (Val/Val vs. any Met), and 0.72 (0.38, 1.34) 8L T1A1(Arg/Arg vs. any
His). The control group associations @YP1B1landCOMT were from a population-based
study of ovarian cancer conducted in Hawaii among women of 3 different ethnicities

(Ncontrom=144) [55]; theSULT1Alcontrol group association examined was from a study of



lung cancer conducted in Texas that used managed care enrollees as catrorsAdd)
[56].

Since publication of the Saintot et. al. (2003) study, an Italian hospital-basgastud
male bladder cancer (N=214) has been published with appropriate control group dsg¢ago as
the independence assumption@¥P1B1Val432Leu and smoking [57]. When control group
associations were calculated ©YP1Blgenotype as Val/Val (ref) vs. any Leu, however, the
OR/(95%CI) forCYP1Bland smoking are 1.4(0.6, 3.3), 1.2(0.5, 3.2) and 1.7(0.6, 4.7) for
never/ever, never/light smoking, and never/heavy smoking respectively. tefistical
significance as the sole criterion, the independence assumption would be measesl|
However, insofar as the associations in these ancillary data accuegielgent associations
in the underlying population in the Saintot et. al. study, this shows that the COR for smoking
andCYP1B1Val432Leu genotype in Saintot (2003) could be biased to a greater or lesser
degree, and in either direction, depending on the specific case-only analysis dotgp@e
category, smoking categories etc.). In addition, other criteria may need tarnaeskéor
control populations including, but not limited to, existence of Hardy-Weinberg equntilon
controls, demographic similarity to case-only population (gender, age, ettatcitand

study design.

B. Validity of independence assumption

Gene-environment associations in populations can be causal or non-causal. When the
‘implausibility’ of specific G-E association is argued in published cadg-analyses,
however, it is generally considered only within the framework of causatitgrelst in genetic
influences on behavioral traits is long-standing and there is an extensivesasing

literature in behavioral genetics. One essay on the future of behavioratg@&méhe era of



genomics states that ‘nearly all behavioral variation reflects sonetig@fluence’ [58].

While there are currently only a limited number of established associagbmsen genotype
and behavior, research in the areas of personality, psychiatric disordetklantidmis
flourishing [59-61]. Genes being investigated for impact on behaviors that irdlbeath
outcomes include: monoamine oxidaseM¥®O-A) and antisocial behavior, serotonin
transporter $LC6A4 and anxiety and depressi€®OMT and frontal lobe function, brain-
derived neurotropic factoBONF) and long-term memory, and dopamine receptor D2
(DRD2) and substance abuse, gambling and alcoholism, among many others [60-61]. Most of
these genes, if not all, function in multiple pathways with poorly characteffisetise

COMT, for instance, because of its role in the dopamine pathway and hormone metabolism
has been studied in conjunction with schizophrenia [62], attention deficit hypdyactivi
disorder [63], smoking [64], alcoholism [65], cataract [66], Alzheimer digéa$eand

breast [68-69], ovarian [55], hepatocellular [70], and bladder cancer [71]. Thesieiye
divergent health outcomes and many have strong behavioral and exposure-related
components.

Given the current limited state of knowledge of genetic influences ornfreddted
behaviors and exposures, and the wide variety of gene-behavior associations abnsidere
plausible enough to be under investigation, it seems unwise to argue the validity of the
independence assumption based entirely on the implausibility of a causal assodatnore
prudent approach would be to thoroughly examine any empirical evidence for or against
causal association between the relevant gene and exposure before prodedtiagection,

| will discuss two examples of gene-exposure association that thergirgscairevidence for,
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in order to illustrate various ways gene-exposure association can be probfemzdse-only
analysis, and for the process of evaluating the independence assumption.

The strongest example of an independence assumption violation is the association
between aldehyde dehydrogenas@R¥H2) genotype and alcohol consumption [72]. This
association in the underlying population means that a case-only study of thetioteof
ALDH2 and alcohol consumption would be invalid. TleDH2*1 allele codes for normally
functioning aldehyde dehydrogenase, a rate-limiting enzyme in the ethetaddatism
pathway. ALDH2*2 is a variant allele coding for a much lower activity form of aldehyde
dehydrogenase. Individuals homozygous forAh®H?2*2 allele experience flushing,
tachycardia, headache and nausea after consuming alcohol. Consequently, theselsndividua
tend not to consume alcohol, and have virtually no risk of alcoholism [73-74]. Heterozygotes
(ALDH2*1/2) can also experience aversive reactions, although with widely varyingtgeveri
Consequently, individuals heterozygous ADH2 tend to consume less alcohol overall [75],
consume fewer drinks at one sitting and engage in binge drinking less oftexLER*1/1
homozygotes [76]. Additionally, research on the subjective experience of alcohol
consumption demonstrates that reactions varildyH2 genotype. In a sample of college-
age Asian men and women with equivalent blood alcohol levels, heterozy§bd2*1/2)
reported a more intense subjective reaction to alcohol, as well as more flastihgher
cortisol levels, than those homozygous for the wild type alll®H2*1/1) [72, 77]. In
another study, participants rated a panel of subjective responses to alcohol consuitiption w
heterozygous individuals reporting more dizziness, higher intensity of effect@edanial
warming tharALDH2*1/1 individuals [78]. Despite the protection from alcoholism that

aversion to excess and/or habitual consumption of alcohol provides, it has been shown that
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individuals with theALDH2*2 allele who do consume alcohol are at higher, rather than lower,
risk of many of the negative consequences of alcohol consumption. These can include
neurocognitive impairments [79] and esophageal cancer [80]. It has bexhdsyped that

this occurs through the high levels of acetaldehyde built up after drinking [78e&dijxd to
increased oxidative stress[82].

This ALDH2 polymorphism has also been variously associated with poor glycemic
control in Type Il diabetics who are light to moderate drinkers [83], gout [84], Bxhd 85],
and cortisol [86] and lipid peroxide responses [82] to alcohol consumption. Any oneeof thes
environmental exposures could be a plausible candidate for a future gene-environment
interaction study witilALDHZ2, either directly or by proxy, for a number of common disease
outcomes (e.g. cardiovascular disease, cancers). For example, the antexfalcohol
metabolizing genes and stress (whether measured by blood cortisol ley@gehits
guestionnaires or other means) would be of interest for studies of cardiovascualse dise
breast cancer and esophageal cancer. The interaction of alcohol metalgelimsgnd
glycemic control would be of interest in studies of insulin resistance, dinnéiation of
insulin use or severity of Type Il diabetes. Association in the control groupeérethe
ALDH2 polymorphism and any of these exposures has the potential to violate the
independence assumption and invalidate or bias a case-only analysis of thatanterac

Although theALDHZ2-alcohol consumption association is well documented and the
non-independence of these two exposures clearly makes a case-only anatysracifon
inappropriate, researchers more often find the association of interestlesaderstood. For
example, the association (or lack thereof) betw@¥R2A6and various aspects of smoking

behavior has received considerable attention in the last 15 years [8Z9PRAGIs a
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polymorphic gene coding for the enzyme (cytochrome P450 2A6) that is responsible for the
bulk (~80%) of the biotransformation of nicotine to cotinine (the major breakdown product of
nicotine), then on to 3’hydroxycotinine [91-92]. As of 2002, there were 10 known variants of
CYP2A6 coding for enzymes with no activity (or deletions), reduced activity or enhanced
activity [93].

Because people usually smoke to raise nicotine levels in the blood and brain, it has
been proposed that fast metabolizers of nicotine need to smoke more than slow neesaboli
to achieve the same steady-state nicotine levels [94-96]. The relgtitetiveerCYP2A6
polymorphisms and altered nicotine metabolism has been demonstrated in expkerimenta
studies that followed similar protocols [93, 97-98]. In these studies, itheamghat
CYP2A6genotype was closely and consistently correlated with enzyme aesvityeasured
by nicotine and cotinine levels after nicotine administration. G3P2A6*1/*lindividuals
(‘normal’ wild-type metabolizers), plasma nicotine levels were highdrcatinine levels
lower than for all other genotypes, except gene duplications.

The relationship betweddYP2A6activity and altered smoking behavior has also been
investigatedn vivo. A double-blind placebo-controlled experiment reported by Sellers
demonstrated that administration a€&P2A6inhibitor (oral methoxsalen) together with oral
nicotine caused a consistent and stepwise reduction in smoking behavior when participant
were given a ‘free smoking period’ after drug administration [95]. rAbldng indices tested
(breath carbon monoxide increase, number of cigarettes smoked, time to netts;igar
number of total puffs, nicotine/cotinine ratio, carbon monoxide increase/puff, andtself-
desire to smoke) were consistent with a reduction in smoking behavior forgaartscwith

impairedCYP2A6function [95].
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Despite experimental evidence for a str@\P2A6genetic component to smoking
behavior, epidemiological evidence has been more equivocal, although consensus has begun
to emerge that at least some aspects of adult smoking behavior are influe @&e286
variation (recently reviewed in Ray (2009) [89]). However, as recenf9@3, there was no
firm consensus as to whetl@YP2A6influenced smoking behavior [88]. In a 2003 review by
Tricker et.al., eight out of 12 studies showed results consistent with the hypotia¢s
individuals with variant genotypes would score lower on measures of smoking bgB8@vior
105]. However, few were able to demonstrate statistical significance [99,02)And one
of the three had technical difficulties with genotyping [101]. Only two oflthfL02, 106]
were able to use biomarkers of cigarette consumption rather than seledep@dsures of
smoking status and behavior, one positive [102] and the other null [106]. Further, a meta-
analysis ofCYP2A6genotype and smoking behavior, which included 11 of the 12 studies
reviewed by Tricker (Pianzella 1998 was excluded), failed to provide evidenoe of a
association betwedY P2A6genotype and smoking status [87]. Unfortunately, the authors
were only able to categorize smoking into crude categories of SMOKE (hojfaecb use or
dependence) vs. NO SMOKE (no tobacco use or non-dependent smoking) and SMOKE more
vs. SMOKE less. In contrast to the overall results, the most methodologigaligus study
[102], showed a clear trend for those with lower activity level genotypes todhage breath
carbon monoxide levels, lower cotinine levels, and a higher nicotine/cotinio¢haiti
smokers with a more active genotype. This supports the hypothesis that slow nicotine
metabolizers require less cigarette consumption to maintain nicotine teaeltaster
metabolizers. Given a behavior as complex as smoking, and the level of detail@yviiis

not surprising that subtle or specific effects were not evident in thesametysis [87].
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Clearly, as of 2003, there was more to be done before the putative associateenbetw
indices of smoking behavior and variation in @éP2A6gene could be convincingly
demonstrated or a determination made about whether the independence assumption would be
violated in a case-only analysis@¥P2A6variation and smoking behavior. However, if the
only the criterion for verifying the independence assumption is the sttsgaificance of
the putative relationship betwe@&@YP2A6and smoking in controls, an investigator would
have been justified proceeding with a case-only stu@Nd?2A6 smoking and lung cancer at
this point in time.

If the independence assumption were verified, a case-only study of the iatecdct
CYP2A6and smoking would be attractive for a number of reasons. It is hypothesized that, in
addition to the protective effect of smoking less, individuals with |I@®®¥éP2A6activity are
at lower risk of lung cancer from smoking than those with higher activity eszecause of
reduced procarginogen activatioGYP2A6is able to metabolize 4-(methylnitrosamino)-1-(3-
pyridyl)-1-buanone (NNK), a component of cigarette smoke, to a reactive enitag
compound. WheRYP2AGis inhibited by methoxsalen @YP2A81/*1 individuals,
production of the reactive metabolite is reduced and NNK metabolism is shiftedAtio &tid
NNAL-glucuronide, non-mutagenic and readily excretable compounds [89, 107-108],
decreasing exposure to carcinogenic intermediates. There have also bstgaitnwes of
possible behavioral mechanisms by which cancer risk is reduced in slow metadld9].
Consequently, the interaction GY P2A6variants and smoking is of high interest, both for
public health and clinical practice, and a number of traditional case-contr@sshalie

examined this [103, 110-112].
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The case-only study has several advantages over a traditional caséstadir in this
context. No controls need to be recruited, interviewed, genotyped or phenotyped. This is
especially appealing for a study in a Caucasian or African-Aarepopulation because the
frequency of variant alleles f@YP2AG6is generally quite low [<5% [93, 113]] and large
numbers of controls would be needed for an interaction analysis. A case-only study w
not generate ORs for the main effects of smokinGYP2A6variation but this might not be
seen as a severe limitation. For many cancers, particularly lung cémecerain effects of
smoking are well established. T@8¥ P2A6enzyme has a limited number of substrates,
primarily exogenous [88], and is therefore unlikely to have a substantialafiect in the
absence of environmental exposure. Selection bias due to differential non-gaoticipa
smokers as controls would not be a factor. Although selection bias related to nateeat
would still remain a consideration, recruitment of cases is generallysuocessful than for
controls and the potential for selection bias should be lower. Lastly, a casteatyiyvould
eliminate the potential for differential recall between cases and cgrdrobncern with
behavioral risk factors such as smoking where participants believe thatiexpase could
affected their case status. If the only the criterion for verifyingritiependence assumption
is the statistical significance of the putative relationship betWe&#P2A6and smoking in
controls, an investigator in 2003 would be justified proceeding with a case-only study of
CYP2A6 smoking and lung cancer, despite the gathering experimental and epidemiological
evidence of association. However, from the current vantage point, it is cletdmshaould
have led to biased estimates of interaction. Itis also clear that moreatisticat

significance is needed to guide evaluation of the independence assumption.
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C. Theindependence assumption in empirical data

Outside of investigators conducting specific case-only analyses, ass#dc
previously, relatively little work has been done directly assessinglarticontrol group G-E
associations likely to be important in interaction studies. Two notable exceptdhg ar
recent large analyses of smoking and metabolic gene polymorphisms by Salitf5é{ and
a similar study of metabolic gene polymorphisms and alcohol consumption by Raghondi
al. [114]. The former study examined associations between polymorphisms inrfolgote
metabolizing geneSYP1Al, GSTM1, GSTT1, GSTRIINAT2and tobacco consumption
in pooled controls from case-control studies included in the International Collab@aidy
on Genetic Susceptibility to Environmental Carcinogens (GSEC), and theeksdtamed
associations between polymorphism€MP2E1Rsal,CYP2E1Dral, ADH1CandNQO1land
alcohol consumption in the same data. The GSEC includes individual level data from both
published and unpublished case-control studies of gene-environment interaction in cancer
[115-116].

In the study of metabolic polymorphisms and smoking, the number of subjects
included in each analysis varied from 2,792G8TP1to 10,719 folCYP1A1l Although the
sample size was large, the study had several important limitations. Tioesanere only
able to categorize smoking crudely, as never/current/former for the bulkroddkes and had
information on dose for less than half of those (35.5%-47.3%). Smokers may refuse to be
controls more often than non-smokers, and refusal could also be associated wyth famil
history and therefore genetic factors. Although this would be more probldoratigh

penetrance genes that track more closely with family history thdeelg for single
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nucleotide polymorphisms (SNPs), selection bias may have been present t@timaa
addressed by the authors.

Bias due to non-participation by smokers can vary between populations. For example,
studies done in Canada, the US and Europe have shown both over-participation and under-
participation by smokers. As an example of over-participation by smokerabMet. al
reported a higher prevalence of current smoking among male and female reagllbor
controls (42% and 38%, respectively) than hospital-based controls (29% and 24%) or in the
US overall (30% and 25%) [117]. Similarly, Ramos et. al. found higher proportions of
current and former smokers in women who participated in a population-based study of
myocardial infarction (12% and 10%, respectively) than in those who did not fully pat#ci
(7% and 4%, respectively) [118]. Conversely, Holt et. al (1997) found that women who
smoked during pregnancy were more likely (24%) than non-smokers (13%) to refuse
participation in a post-partum survey (24% and 13% refusals, respectively) Hdifjrun
et. al. (1982) foun&7% of participants in a prospective study of cancer in Hawaii were
current smokers while 61% of the men who refused were current smokers [120]. In a
Canadian study of mammography, current smokers were underrepresented amemg w
having time-appropriate mammograms [121].

Probably most important for the evaluation of the independence assumption, the
controls in a pooled study do not represent any particular population at risk from wdesh ca
might arise. ldentifying a relevant population base in which to assess thendéace
assumption is of fundamental importance to the validity of case-only studiesioitafien
appreciated that populations might vary in ways that affect the independencetassamd

thus the validity of case-only studies conducted in those populations. The independence
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assumption pertains to unconfounded G-E association and different populations may well
have different constellations of G-E confounders. In this context, it is exyrdiffecult, if

not impossible, to use results from pooled studies to answer to the question of whether a
specific case-only study might be valid in one or more of these populations. hebnait
(2004) non-hospital (“healthy”) and hospital controls from GSEC studies wered66/#

and 38%, respectively) for overall analyses. Overall estimates djeisteal for study,

gender, age, and ethnicity. This could be problematic for at least gender, atfenanty &
these variables are proxies for different exposures in different populationigipBats were
primarily Caucasian (72.6%), with smaller proportions of Asians (11.6%) and ifrica
Americans (5.2%). However, given that race/ethnicity is largebcmaly constructed
variable [122-123], it is unclear what meaning this has when taken out of the agtgropri
social context. Nonetheless, for this pooled analysis the authors conclude thate"bhéhas
case-only design for epidemiologic studies including these polymorphighesetore

justified, at least when studying smoking habits.” This conclusion was basled pauicity

of statistical significance and lack of strong associations (all\@Rs <1.3 or >0.8 for

healthy controls, < 1.4 or >0.6 for hospital controls). In view of the study limitations
discussed, however, this conclusion does not seem fully justified.

In a smaller (N=339) population-based study of Japanese males 40-49 yegs of a
the authors assessed association between ‘habitual smoking’ (everareldrjnking
(drinker/non-drinker), and a panel of 153 single nucleotide polymorphisms (SNPs) in 40
candidate genes [64]. Genes chosen were those coding for xenobiotic metabolizingsenzy
DNA repair enzymes and ‘other stress-related proteins’. The xenobidabaotieing

enzymes included the cytochrome P-4604°1A1, CYP1B1, CYP2C9, CYP2C19, CYP2E1],
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CYP17AlandCYP19Alglutathione transferas&STM2, GSTM3, GSTTandGSTP1 N-
acetyl transferasddAT1andNAT?2 alcohol dehydrogenas@®dH1A, ADH1B andADH1C,
aldehyde dehydrogenaséDH2, and epoxide hydrolaséfPHX1andEPHX2 The DNA
repair enzymes wel@GG1andNUDT1(MTH1). The other genes included, but were not
limited to: the estrogen and progesterone metabolism ges&d,, ESR2, ERRRG, PGR,
COMT, HSP17B2andHSP17B3 serotonin transporter geé C6A4 glucocorticoid receptor
NR3C1 nitric oxide synthasBlOS2AandNOS3and dopamine receptor gerigRD2, DRD3
andDRD4. The SNPs analyzed were chosen from a larger pool of SNPs (N=289) after
elimination of SNPs with a minor allele frequency of <1% and SNPs not in Haethb@rg
equilibrium (HWE). Consistent with study goals, all genes were chosen bebaysvere
considered important candidates for future interaction studies, rather thanebibbegusere
particularly likely candidates for gene-smoking/drinking associatiorneadthy population.
Plausibility of individual gene-environment associations was discussed oi8\}fRs with
statistically significant results.

For the DNA repair genes examin€@5G1andNUDT1, associations were found
between smoking and three of four of the SNRO®151(0.4-0.6, borderline statistical
significance, variant carrier vs. variant non-carrier) but no statigteignificant associations
were found for either SNP &fUDTL1 After adjustment for drinking status
(never/former/current drinker), significant associations were tegpdor smoking and at least
one SNP in five of the 40 genes test@d[G1(DNA repair), SLC6A4(serotonin transport),
CYP17Al(xenobiotic metabolismEPHX1 (xenobiotic metabolism) arfeiSR1(estrogen
metabolism)]. The associations with smoking @&G1, CYP17AAndEPHX1were novel

findings with uncertain plausibility that must be replicated.
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This study has several important limitations [64]. Because of samp|eisiaking
was dichotomous in all analyses: ever/never for the unadjusted estimashf@NP,
current/non-smokers and current vs. never smokers for adjusted estimatesef@ata w
insufficient for estimates of effect for smoking dose or duration and dose-response
relationships could not be explored. Functional data was lacking for most of the SNPs
examined. The DNA samples included in this study were the subset of samples from a
previous study with enough DNA remaining for further testing (53.5%), raisengdssibility
of selection bias. Overall, before calculating the adjusted estimatesthioeseexamined 153
SNPs for association with 2 exposures (smoking, drinking) using 2 models for each
comparison (variant dominant, variant recessive) for a minimum of 612 comparisons.
Statistically significant association was found for 29 (4.7%) of the comparisainen the
limitations (high number of comparisons, limited sample size, gender- andsigeted
population and crude environmental exposure measurements), results fortitusapgranel
of ‘stress-related proteins’ must be replicated before the associat@nsensidered robust.
Although these limitations were not discussed (other than sample size), the atdl®that
the study provides basic but essential information for future case-only dfiueliéisat some
particular SNPs may be associated with smoking and others likely are not)|usiconc
which seems warranted if results are considered with appropriate caution.

Finally, in a more limited exploration of G-E control group associations, ae&htfe
group of investigators examined associations in four studies from Johns Hopkins iynivers
[124]. They found ‘very few’ statistically significant G-E associatiansng controls,
though they specified neither the particular associations examined nor the maghihele

associations. They did note, however, that 5 of the 7 significant interactions tedbwed
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in case-control analyses were not found in the corresponding case-only analysasly

due to non-significant G-E control group associations that were in the oppositeditecti

the interaction effect. This phenomenon was also demonstrated in a 1999 study byndamaiji
et. al., using data from 4 published studies of gene-smoking interaction [125]. papbis

OR,s from all 4 studies (range: 0.6-2.3) were non-significant and in the oppositeodirecti
from the SIM, causing all of the CORs to be closer to the null than the case-cstitnakes

of interaction. In these studies, the tests of statistical signifiqahee0.05) of the COR and
SIM were concordant, although the magnitude of the COR and SIM were different.o$he m
extreme example was from the studyN&KT2and smoking in bladder cancer, where,@Rs
0.69 (95% confidence interval (Cl) 0.37, 1.29), the COR was 0.83 (95% confidence interval
(Cl) 0.42, 1.66) and the SIM was 1.20 (95% CI 0.49, 2.96). Both of these studies of G-E
association in control groups serve to illustrate the necessity of furtheratqiaof

empirical evidence of independence assumption violation and its effects ontiatestudies

and the interpretation of interaction estimates from different study designs.

D. Effect of independence assumption violation in data simulation

Data simulations have demonstrated that even small violations of the independence
assumption can strongly bias the case-only interaction parameter [5]. &isigimodels,
Albert et. al. (2001) varied the magnitude of control group G-E association toeeipdor
effect of independence assumption violation on case-only interaction estimatespested
from the previously presented equation (COR = SIM %)O&s values of ORabove the null
increased, the COR was biased away from the SIM in a multiplicative fashgimg data
from a study oXRCC1lgenotype and lung cancer by Ratnasinghe et. al. (2001), they showed

that a control group association between genotype and pack-years of tobacco us€di3OR
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created a bias in the COR of 105% [COR=0.90 (95% CI1 0.41, 1.94), SIM= 0.44 (95% CI
0.17, 1.16)] [126]. An ORof 1.2, the association between genotype and alcohol drinking
status (ever/never), biased the COR by nearly 30% in another example.

Further, violations of the independence assumption may cause the Type l&terror r
(false negatives) to be high. When control-group G-E associations are of singtatudea
but opposite in direction to the interaction effect, a case-only study may ncitidegeaction
effects [5, 124]. Type Il error when evaluating the independence assumptos that true
Zs of sufficient magnitude to bias the COR are not detected. Depending on thiideagf
bias in the COR from this source, these CORs could be extremely misleadingamtiet of
screening for interaction or candidate genes for further investigatidie. Wwirk has been

done to explore this possibility.

E. Independence assumption verification methods

Although the validity of case-only estimates rests heavily on the independenc
assumption, and case-only studies, particularly stand-alone case-only studi@sahgve
advantages over traditional study designs for interaction analysis,ighelatively little the
literature on methods of independence assumption verification. The previousksdidc
work by Albert et. al. (2001) which partially quantified, largely through datalsiion, the
magnitude of bias and effect on the Type | error rate of even modest G-E assaciati
controls is one example. Another notable paper to focus on independence assumption
evaluation is a recent paper by Gatto et. al. which elucidates conditions undeawbiatrol
group is an appropriate proxy for the underlying study population when validating the
independence assumption [127]. They conclude, also primarily from data somsilatiat a

control group can be used for this purpose only when 1) the baseline risk of disease is very
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low [ p(Disease | G-E-) < 0.1%] or 2) the baseline risk of disease is lowdga§d | G-E-) <=
1.0 %]andthe independent effect of the gene is weaky(RR= 2.0). If this is not the case,
the magnitude of the control group G-E OR (P#Rverges substantially from the G-E RR in
the underlying cohort (RRz), which is what the independence assumption is based on.
Although the data simulations in this study are framed in terms of gene-environment
interaction, the conclusions apply to any two exposures examined in a case-oatfiorie
study. In practice, because the case-only design cannot estimate et @ffvould not be
on optimal choice for investigation of a gene expected to have an appreciabkffea, an
important consideration.

Some empirical work on independence assumption evaluation has been done with
pooled data, and with existing case-control studies, but has focused on quantifyifig spec
independence assumption associations [54, 114], or on assessing the frequency of
independence assumption violation [124], rather than on methods of independence
assumption assessment. In practice, some published case-only studies have used only
arguments about the plausibility of the independence assumption; others have thene fur
and attempted quantitative assessment of the independence assumption in control groups or
other ancillary data. Quantitative assessments have relied on stiasigfiificance of ORas
the sole criterion of the validity of the independence assumption regardtégsnoéthod of
assessing the G-E association. However, the practical effectsingretystatistical
significance to evaluate estimates of Z, in particular the effects ombitas COR remain to
be elucidated.

A further difficulty is that methodological work that has been done genessliyrees

case-only analyses are fully nested within case-control studies. Althestgdrcase-only
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analyses of interaction, if properly conducted, do produce more precise estiraateade-
control analyses of interaction, they cannot realize other important advantdgesase-

only design such as smaller sample size, no risk to controls and cost reductione®ytyec
evaluating ancillary data for use in independence assumption validatiomeiudei
considerations of the appropriateness of the control data to the caseBedasse the two

most prominent studies to date that have explicitly considered ancillarplodata have

pooled controls (GSEC controls) [54], or consider a very limited population (Japanese men,
40-49 years of age) [64], very little light has been shed on what study chat&sta control
group should possess in order to be a valid proxy for population controls for a gigen cas
series. While Albert et. al. (2001) have proposed, and partially evaluated, a noethsidd

a sample of controls for independence assumption validation, no analogous work has been
done on the optimal method(s) of evaluating the independence assumption in ancalary dat
So, although many aspects of independence assumption evaluation can presumably be
generalized from nested case-only studies, more work needs to be doneténasbérh

aspects can be generalized, and what additional practices are needeegjpendecce

assumption verification in stand-alone case-only studies.
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1. STATEMENT OF SPECIFIC AIMS
A. Specificaims
Aim 1. Meta-analysis
To characterize specific gene-smoking associations in control groupsbgleystematic

review of the published literature using meta-analytic techniques wheopaiape.

1. To estimate the control group/population associations for a set of DNA repair ge
variant-smoking pairs (OJrusing published data. To estimate a summary\@ire

appropriate.

Association was estimated by calculating an unadjusted odds ratio and 95% cenfidenc
interval [OR (95% CI)] from published data. Genetic exposures MREC1[Arg399GIn
(rs25487), Argl94Trp (rs179872), Arg280His(rs254881D [Lys751GIn (rs13181),
Asp312Asn (rs1799793)] aXRCC3[Thr241Met(rs861539)]. Smoking exposures included,
wherever possible, smoking status: current, former, never, not current smokersokimg) sm

amount: duration, intensity and pack-years of smoking.

2. To use meta-regression to evaluate study characteristics as poteulietigps of

heterogeneity.



Study characteristics included study-level characteristics suttaasy-Weinberg
equilibrium in controls, geographic study area, study design, mean/median age of stud

population, proportion male gender and ethnicity.

Aim 2: Carolina Breast Cancer Study (CBCS) and North Carolina Colon Cancer Study
(NCCCS) control group associations

To estimate gene variant-smoking associations in CBCS and NCCCS controlgretals
where appropriate, and within race, categorical age and gender, for allrlSCIBES or

NCCCS plausibly biologically related to smoking behavior.

1. Byrace, age, gender and overall: To estimate gene variant-smogoujpions
[unadjusted OR(95% CI)] in CBCS (Phase | and II, CIS) and NCCCS control groups

using unconditional logistic regression.

2. To evaluate effect measure modification by race, age or gendeiGN®©fly) using the
likelihood ratio test (a&=0.05) for models with and without a race/age/gender x smoking
term. To estimate OR adjusted for the sampling variables race, age and gender when
there was no appreciable effect measure modification. To test foy Maeithberg

equilibrium within race for each polymorphism.

3. To assess potential patterns in independence assumption violation across gene pathway

groups: SNPs were grouped by gene pathways (e.g. DNA repair, xenofesdibolism)

for analysis as above, by race, age or overall.
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4. To evaluate potential confounders of OR 0 evaluate sampling variables [age at
selection, race, gender (NCCCS only)], all individual level factors idedtifi the meta-
analysis as potentially important [age, race], and other variables ieéntsing directed

acyclic graphs [family history of any cancer, family income] as p@&katinfounders.

Aim 3: Environmental misspecification
To evaluate the impact of environmental exposure misspecification on independence

assumption evaluation using CBCS/NCCCS control group data.

1. To evaluate the effect of error due to smoking misspecification: Toileske
frequency, magnitude and direction of undetected bias in the COR when significance
testing or the magnitude of QRere used to assess independence for a given
specification of smoking such as ever smoking, but the COR would have beentedlcula

for a different specification of smoking, such as intensity (packs/day).

B. Hypotheses

The primary hypothesis was that the independence assumption would be violated (i.e.
OR; # 1) for smoking behavior and a proportion of the genetic variants greater than would be
expected by chance alone both in the meta-analysis and in the CBCS and NSD@GIS ¢
groups. Further, that the violation(s) will be of sufficient magnitude to causecegge bias
(>15%) in the COR. Secondary hypotheses are that 1) violations of the independence
assumption will occur more frequently for measures of smoking amount (duration, dose or

PY) than for smoking status (ever or current smoking), 2) misspecificationodirsg
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exposure (using a different smoking measure to evaluate the independence asshamption t
the smoking measure used in the case-only analysis) will lead to undetaest@udthe COR
and 3) the magnitude and direction of @& SNPs assayed in the CBCS and NCCCS
controls will agree more often than expected by chance.

The study characteristics that were expected to be influential pmesdadtthe
magnitude of ORwere HWE status, population- vs. hospital/patient-based controls and older
age. Assessment of Hardy Weinberg equilibrium provides some indication of possible
population stratification by ethnicity, misclassification of genotype aneélectson bias in the
control group [128] and these may induce G-E association. Since smoking can inskease r
for numerous diseases, hospital-based controls are likely to have G-E ass®aiat found
in the general population. Similarly, for any genes associated with lopngewrage age of
the study population was expected to influence G-E association, particutaaly éxposure
such as smoking where patterns of use have changed over time, and continue to change.
There is an extensive and rapidly expanding literature on the genetics @fitgrj$j29-132].
Many different functional categories of genes are being examined inglDNA repair
genes, xenobiotic-metabolizing genes and genes involved in defense esgaitige oxygen
species (ROS). Not surprisingly these are many of the same gergsbestigated for their

potential as cancer susceptibility genes.

C. Rationale

The primary aim of the studies described in Chapters V-A and V-B was to enable
investigators considering a stand-alone case-only study of gene-enairoimteraction to
evaluate the independence assumption more rigorously than has been done previously and

identify situations where case-only estimates are not valid. Althouglaseeonly design can
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be used to evaluate statistical (multiplicative) interaction betweetwangxposures, it is

most commonly used for gene-environment interaction. In order to explore thendeepe
assumption in empirical data, a model environmental exposure (smoking behavior) and a
panel of genetic variants were chosen. Briefly, smoking behavior washdhesause of its
importance in public health, and because smoking measures are very commocigcdolle
Polymorphic genes plausibly biologically related to smoking, primarily D&j#air genes,
were the genetic exposures of interest. The study described in Chapter &afsystematic
review including a series of meta-analyses of six DNA repair SN&Psmmoking. The second
study (Chapter V-B) was an exploration of control group gene-smoking associ@tis (
including but not limited to the DNA repair genes in the systematic reineiwp population-

based control groups.

1. Smoking and genes

Interest in genetic influences on behavioral traits is long-standing amedishen
extensive and burgeoning literature in behavioral genetics. While thereregatly only a
limited number of established associations between genotype and behaviochresasras
related to smoking behavior, including addiction, personality, and psychiatric dsasde
flourishing [59-61]. Most of these genes function in multiple pathways with poorly
characterized effect€COMT, for instance, because of its role in the dopamine pathway and
hormone metabolism has been studied in conjunction with widely divergent outcomes, many
with behavioral components, such as schizophrenia, attention deficit hyperactmitiedis
alcoholism, cataract, blood pressure, Alzheimer disease and breast, ovaridaocetiafz,

and bladder cancer as well as smoking behavior [55, 62-71, 133].

30



Strong interest in examining smoking in gene-environment studies comes from a
number of sources. Smoking is a highly prevalent exposure. Data from the 2003 Behavioral
Risk Factor Surveillance System (BRFSS) survey indicated a mediahemeaaf 22.1% for
current smoking among US adults with a range of 12%-31% by state [134]. In kina
prevalence of smoking and tobacco-related deaths has risen dramaticathyedast
decades, and is projected to increase in other developing countries in the comdegdec
perhaps causing as many as 10 million deaths globally (out of a projectediéf)raiithe
year 2030 [135]. Tobacco smoking has a well-documented causal relationship with many
cancers (e.g. lung and bladder), and is believed to contribute to other cancecde,
kidney and prostate). However, variation in disease outcome with similar egplu®s exist
and the development of cancer is not an inevitable outcome even for heavy smokers. This i
not surprising, given that tobacco smoke constituents (including carcinogen®tabslimed
by xenobiotic-metabolizing enzymes encoded by highly polymorphic genes ankthat t
genotoxic effects of tobacco smoke constituents [136] are modified by highly pplyimo
DNA repair enzyme genes [137]. Consequently, gene-smoking interactibessare of
significant public health importance. However, they may be problematia$eranly studies
if the genetic exposures under study, or genes in linkage disequilibrium with tleem, a
causally or non-causally associated with aspects of smoking behavior.

Twin, adoption and linkage studies all demonstrate that there is a heritable (i.e
genetic) component to smoking behavior. Evidence from twin studies and assodiahes st
suggest that there are genetic influences on at least three aspaw&iofshistory: smoking
initiation, nicotine addiction and success of smoking cessation [90, 138]. There is, however,

substantial variation among populations with respect to the relative contribotigesetic
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vs. environmental influences [139]. Interest has focused on variation in constitudms of t
dopamine pathway (e.)RD2, COMTY), nicotine metabolism (e.GYP2A9, the serotonin
pathway BHTT), xenobiotic metabolizing pathways (e@)YPs, GSTS) and nicotinic
acetylcholine receptors (e @HRNAJ [139]. Despite the many candidate gene studies, few
robust gene-smoking associations have been found. In fact, in a recent studgditsig
evaluate genetic screening for risk of smoking initiation, the criteriehfoosing
polymorphisms to include in the screening panel (positive results in at leasintdiependent
samples and a pooled OR of >1.1 for ever smoking) identified only five gene vabidiD?
TAQ1A, TPHC779A,5-HTTLPR MAO-BA644G intron 13, an€OMT Vall158Met [140].
Metabolic genes and smokin@here is an extensive epidemiologic literature on
smoking and metabolic genes, [i.e. those coding for enzymes that metabolize nicotivex or
tobacco smoke constituents such as polycyclic aromatic hydrocarbons (PAH) ati@arom
amines] [108, 141]. These are largely case-control studies focused on the Ipaftémtia
genes to modify risk of disease for smokers. In addition to cancer, thisdmarbespecially
active area of research for cardiovascular disease and birth outcomdglgl4Z5moking
directly exposes the lungs to a range of toxic xenobiotics and is addictive; exfmsuvacco
smoke constituents can last for decades, even through the entire lifespan viaeetqposur
maternal smoking. Tobacco smoke constituents, including nicotine and PAHSs are
metabolized to toxic intermediates and/or carcinogens by phasev/atact) and phase I
(conjugation) enzymes [141]. Variation in these polymorphic genes can alter enzyme
activity, regulation or expression, [144-146] plausibly increasing or decredsingf disease
or influencing smoking behaviors, such as the number cigarettes consumed dagysas/a

smoker.
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Among the gene variants included in the current prof@otMT Vall58Met SNP
(rs4680) is the only SNP that has been extensively studied with respect to its possible
influence on smoking behavior, most often smoking cessation [147]. Results have been
equivocal with two recent large population-based European studies coming to different
conclusion [148-149]. Omidvar et. al. found a 20% reduction in incident smoking cessation,
and 30% lower odds of prevalent quitting for the carriers of the low activity & the allele
(Met carriers) whereas Breitling et. al. found no associationF®RB7 (95% CI 0.83, 1.12)].
For other included xenobiotic metabolism genes, there is little researcRYPAA] Chen
et. al. demonstrated, in a population of pregnant women (N=165), that having at least one
CYP1A1*2Aallele was associated with smoking reduction [OR(95% CI1)=2.2(1.0-4.6)] and
increased quitting [OR(95% CI1)=1.7(1.0,2.9)] during pregnancy [150]. There was no
association betweeBSTM1and reducing or quitting smoking found by Chen et. al. [150].

DNA repair genes and smokingnalogous work has not yet been done for DNA
repair genes. Although polymorphisms in the xenobiotic-metabolizing genes cemaaf|
the level of reactive metabolites and hence the amount of DNA damage, ultimestelyly
DNA damage that is left unrepaired and allowed to continue through the celtttgtictan
contribute to the genomic instability necessary for the development of carneer. T
carcinogenic ability of an environmental agent may therefore be mediatedibdividual's
DNA repair capacity. DNA repair enzymes are a group of proteins larggbpnsible for
maintaining genomic integrity by repairing damage to DNA caused by endogeetaisolic
intermediates and by-products, reactive intermediates of xenobiotic m&talbacluding

pharmaceuticals, and ionizing radiation.
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Proteins in the DNA repair system, and their genes, fall into 4 broad functional
categories, defined by the major type of damage each repairs. Ehbyg anucleotide
excision repair (NER) pathway genes, base excision repair (BER) pagiaway, double
strand break (DSB) pathway genes and mismatch repair pathway Jdreebase excision
repair (BER) pathway is responsible for the removal of individual damages! &nrage
restoration of the sugar-phosphate backbone. It uses the undamaged stranglaseaftem
restoring the correct base. The nucleotide excision repair (NER), in ¢daotts BER,
recognizes and removes bulky lesions from one strand of the DNA and restachestoé
DNA 25 nucleotides or more in length using the intact strand as a template &R.inTB&
double-strand break (DSB), as the name implies, is responsible for rejoining sethdha
that have been broken across both strands, leaving no intact template for repair. SB repa
can be accomplished either through non-homologous end-joining, where the ends of two
unrelated chromosomes are joined and some genetic material is lost, or homologous end
joining, where the homologous chromosome is used as a template for repair. The BER
pathway is largely responsible for repair of oxidative damage and the NERaydDr repair
of bulky DNA adducts, both types of damage produced by constituents of tobacco smoke
[151]. Cigarette smoke is genotoxic, with multiple studies showing smokers hasasedr
rates of sister chromatid exchange and micronuclei formation in lymphocytesased DNA
strand breaks in lymphocytes, buccal cells and urothelial cells, and for heakgrsm
oxidative damage to DNA in germ cells [136]. The DNA repair genes in the BER aN&
DSB pathways are highly polymorphic [151-152], and this variation is thought to contribute

to cancer risk.
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In addition to the importance of DNA repair gene polymorphisms, smoking, and their
likely interaction in cancer etiology and public health, for a case-only stiglglgo
important to consider whether there could be a causal association betweendahAeaes
and smoking in healthy individuals. While there are no firm data in this area, andnibiis is
currently an area of active investigation, plausible mechanisms exigtrfability in DNA
repair capacity (as measured by genotype) to be associated with smdiamgpheespecially
smoking dose. Smoking induces DNA repair, presumably through DNA damage caused by
smoking. When there is reduced capacity for DNA repair, as may occur when aduadivi
has an alleles for a lower activity form of a DNA repair enzyme, anyiglbgscal effects of
non-repaired DNA will be exhibited at a lower level of the damaging exposuoi(sin
this case) than when DNA repair is optimal. Although no detailed work on the physablogi
effects of non-repaired DNA produced by smoking and the DNA repair genes tHag wil
investigated in this project has been done, there is related evidence thatelpdrgsalogical
processed that could affect smoking behavior.

Patients with xeroderma pigmentosum (XP), who lack NER DNA repairrdtdfa
high cancer rates but can also show neurodegenerative effects, which are bele/tbt
result of accumulation of unrepaired DNA lesions and cell death [153], possibly due to
oxidative damage [154]. Patients with Cockayne syndrome (CS), anotheradiuesirder
of DNA repair, can exhibit symptoms of neurological degeneration in additioeteapure
aging and patients while patients with ataxia telangiectasia, antethedurological disorder,
have increased cancer susceptibility and impaired DNA repair [155].

The pleasurable aspects of smoking, as well as smoking addiction, operate through

neurological pathways, particularly through the nicotinic acetylcholireptecs, and
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perturbations in this system could easily affect smoking dose and/or smokinipoesgas.
Smoking is being actively investigated with respect to possible protecteatsetin risk of
Parkinson’s and Alzheimer’s disease [156] and it has been proposed that phanmacolog
stimulation of DNA repair via the ataxia telangiectasia-mutadddvfj gene may be
beneficial in Parkinson’s [157].

In addition to possible interaction between smoking behavior and DNA repair lthroug
neurological mechanisms, more direct mechanisms are possible. It hdk/fieeen shown
that mice without th€ SBgene (the defect in Cockayne syndrome) were especially
vulnerable to oxidative damage from paraquat exposure [158]. Consistent with this
observation, it has also been shown, using cells from XP patients, that unrepairadeoxidat
damage can appreciably affect transcription and reduce gene expression Kjuré& to
cigarette smoke is a source of oxidative damage. In patients with severegieatol
manifestations of XP, death is often due to respiratory complications in childhood [160],
although subtle manifestations of neurological effects are possible in adulthoetiblA]61
Further, it has been hypothesized that DNA repair may play a role in idiopatimorzary
fibrosis [163-164], and that accumulated DNA damage may play a role in cblmstractive
pulmonary disease [165-167]. Development of respiratory effects related teepawraf
oxidative DNA damage could plausibly influence smoking dose, smoking duration and/or
smoking cessation rates.

A population-based study examining multiple SNPs (single nucleotide
polymorphisms) for a panel of ‘lifestyle-associated’ genes in JapaneséNs@30( reported
inverse associations (range of ORs= 0.4-0.6) between smoking status (aomokenbker)

and 3 different polymorphisms GGJ, a DNA repair enzyme active in the BER pathway
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[64]. Consistent with this observation, amnvitro study has shown that transcription-linked
subcellular localization and expressiomd&G1during the cell cycle was markedly different
for wild-type OGGland IDGG1Ser326¢cys [168], one of the polymorphisms assessed by
Liu et al. (2005). The other DNA repair gene measured in the Liu et al. studyUWiZEEL.
ForNUDTZ, homozygosity at one SNP was inversely associated with drinking status
[drinker/non-drinker: 0.1(0.0-0.8)], although sample size was small (four homozygotes)
Although the authors had insufficient data to assess the possible relationshignbeive
complex aspects of smoking (e. g. dose) and DNA repair genes their resatinsastent
with a possible causal relationship between DNA repair genes and smoking hehavior

As discussed previously, very little systematic work has been done aimefitajpgci
at improving the conduct of stand-alone case-only studies. Briefly, a pooledshak/been
conducted for several xenobiotic-metabolizing genes and smoking, but was limiteddo cr
categorizations of smoking pooled across possibly disparate populations [S4#jilak siudy
was conducted with xenobiotic-metabolizing genes and alcohol consumption and had similar
limitations [114]. The small population-based Japanese study discusésdreported on a
panel of 40 genes plausibly related to smoking or alcohol consumption and thaatassoc
with smoking and/or drinking status, respectively, but was limited to males [&httempt
was made in any of these studies to evaluate characteristics of the tatmlihanake it
appropriate (or not) for evaluation of the independence assumption.

Consequently, two studies were undertaken to address G-E association inaémpiric
data: 1) a systematic review and meta-analysis of gene-smoRsgr©Opublished control
data, and 2) an analysis of gene-smokingORtwo population-based control groups. The

studies are described in Chapters V-A and V-B, respectively. The pargoglosures
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evaluated in these two studies (smoking and genes relevant to smoking and caecer) we
chosen to provide immediately useful information for public health researcloupeti
cancer research, as well as provide a context for further exploration of aessdiaat, if
found in one or more populations, would prove problematic for gene-environment interaction
studies in other populations.

The six SNPs that were chosen for the systematic review are in threedpsiA
genes that operate in different genetic pathways. The genes weredsayomplementing
gene 1 XRCCJ), xeroderma pigmentosum complementation grouB, previously
excision repair complementing defectiveERCC3J] and X-ray cross-complementing gene 3
(XRCC3. Each gene is polymorphic, and each SNP has a minor allele frequency > 10% in
most studied populations{RCC1participates in the base excision repair (BER) pathway.
Three important non-synonymous single nucleotide changes (Arg194Trp, Arg280His and
Arg399GIn) have been identified XRCC1 XPDis active in the nucleotide excision repair
(NER) pathway. A single nucleotide change (SNPYRD exon 10 (Asp312Asn) and
another in exon 23 (Lys751GIn) have been studélCC3is in the double strand break
(DSB) pathway.XRCC3is believed to code for an accessory protein in the process of
homologous joining of broken double stranded DNA. In this case, the appropriate stretch of
DNA on the homologous chromosome serves as a template for rEpxC3has one
studied variant, a Thr241Met variant [169]. With the exception cKRRE C1Arg194Trp
[170], the variants are thought to code for reduced DNA repair capacity, although seno ca
has this been definitely established [170-174].

For the control group analyses, a convenience panel of gene variants plausibty rel

to smoking was chosen. These included variants in xenobiotic metabolizing giides, D
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repair genes, and variants in genes that respond to oxidative stress. algeaeelevant to
gene-environment interaction in cancer; the parent studies are case-c¢adtesl of breast

cancer and colorectal caner. Most of the genes have a minor allele fregd666.

2. Meta-analyses

Systematic review of control group G-E associations can assist in evalaathe
independence assumption at multiple levels. Rigorous evaluation of the independence
assumption for a proposed case-only study should include a thorough search of the published
literature for relevant control group or cohort data, then evaluation of the ondegoit
independence assumption violation in individual studies, both overall and in relevant
subgroups. A systematic search, at a minimum, can inform the investigator teatréheo
control data on the G-E association of interest in the literature, and therefonpinica data
available to evaluate the independence assumption. This should preclude conduatithg a sta
alone case-only study. If the literature is scant and/or heterogeneoganamanetheless
assess the potential range of bias that may be introduced into a case-onlBgeiically,
the meta-analysis includes assessing the magnitude, direction, preciégtatetical
significance of each study-specific gene-smoking,@R well as assessing heterogeneity of
the ORzs across studies. Since the magnitude of<C#R estimate of the magnitude of bias
in the COR, it is the key parameter. Finally, if @Rom published studies are both
homogeneous and within an acceptably narrow range for the purposes of the caseygnly stud
meta-analysis provides an estimate of the magnitude of bias likely to be inttodiacthe
COR. When studies are heterogeneous, or the ranges8fi©Ride enough to cause a
substantive difference in the COR, stratifying studies by design or gtymilation

characteristics can illuminate the sources of heterogeneity. Lawtg-regression can be
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used to formally estimate the strength of association between speedictprs, such as
control group Hardy Weinberg equilibrium (HWE) status, population ethnicity, avegage a
etc. and the magnitude of @R Understanding the relationship between important study
characteristics and the magnitude of 0& help determine what, if any, ancillary data are
appropriate to evaluate the independence assumption. Using these tools, gsig-ana

provides context for evaluation of the independence assumption not currently available.

3. CBCS and NCCCS control groups

The second study (see Chapter V-B) was an exploration of gene-environment
association in two population-based control groups. The studies were the Carolsta Brea
Cancer Study (CBCS) and the North Carolina Colon Cancer Study (NCCCS). hesreta-
analysis (Chapter V-A) smoking was the model environmental exposuyev&3Restimated
for all genetic variants related to smoking that had been assayed focohés¢ groups.

This included all of the SNPs in the meta-analysis. Genes were grayped based on the
biologic function of the gene (e.g. xenobiotic-metabolizing genes, DNA repasgdc.) and
associations were examined by group.

The CBCS and the NCCCS are large population-based case-control studies done in
central North Carolina during the mid- to late 1990’s which included urban, suburban and
rural areas (CBCS: {es2311, Nontrois=2022; NCCCS: Mises646, Neontrois=1053 [175-180].
Both studies over-sampled African Americans to increase power for subgroygesnal he
NCCCS included male and female participants. Potential participants westeddrom NC
Division of Motor Vehicles lists (<65 years of age) and Health Care FimgAaministration
lists (>=65 years of age), and randomized recruitment was used to seleentoapot

participants to frequency match on relevant characteristics in eagh{381d. CBCS
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participants were all female, with approximately half African Arcemiand half <50 years of
age. NCCCS participants were sampled such that the race, age and genioitiahsbf
randomly selected cases is similar for controls (approximately 1defater and race).

The CBCS and NCCCS data offered a rich resource for this project for several
reasons. First, both are population-based case-control studies. Conceptually, the
independence assumption is an assumption about the underlying population from which cases
arose (control groups are used as surrogates for the underlying population);@onastd
control groups should be a better approximation of the underlying population than hospital-
based control groups or convenience samples. Ideally, a large population survey or
population-based cohort would be preferable, but in practice there are few of thitddev
Investigators rely on control groups from case-control studies such as the GBAEECS
for independence evaluation. In addition, the CBCS and NCCCS draw from approximately
the same underlying population, using the same sampling method, so results could be
compared for the 15 polymorphisms that were assayed in both control groups. Ascertai
the level of agreement between two studies using the same sampling methuadisigsfrom
an underlying population in largely overlapping geographic area, during overlappéng t
periods, but with different study outcomes (breast and colorectal cancer) pravidiedow
into the population-specific nature of the independence assumption in practice.

Second, both the CBCS and NCCCS collected extensive data on tobacco smoking
behaviors. In the CBCS there were data such that smoking could be categorized a
ever/never, former/current/never, total duration of smoking, average amaonkedper day
during periods of smoking and pack-years. Inthe NCCCS there are data on smaking sta

(never, current and former), duration, and intensity as well. This level of dataiich more
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than what is usually published in the ancillary studies that must be used for independenc
assumption evaluation.

Not only did this level of detail allow for estimation of ¢fBr measures of smoking
amount (duration, dose and PY), it allowed investigation into the effect of smoking
misspecification on independence assumption evaluation (see Chapter V-B). The term
‘misspecification’ was used in this study, rather than the term ‘migiotas®on’, because the
underlying conceptualization of this problem was that of variable missgitihdn
modeling, rather than measurement error. When a stand-alone case-only studyagkemder
the independence assumption must be examined in ancillary data. As would beddxpercte
the differing study goals, in ancillary data the categorizations usaflastfor the joint
distribution of genotype and smoking are generally more crude than thosellthat wi
analyzed in the proposed case-only study. In the case of a polymorphic gene lgigs2a8l
the locus of interest, this means that published data is often collapsed to 2 categwiezs
and non-carriers of the allele of interest, rather than published as 3 categaadsfdre
homozygotes of each allele and another for heterozygotes. For smoking, the only
categorization that can be consistently found across studies is the dichotoveolneter’
smoker. Using one specification of exposure for independence assumption evalugtion (e.
ever/never) and a different one for case-only interaction analysis (ekg/dmg is precisely
analogous to doing a case-control interaction study with a model that has thexpasiee
specified as binary for controls and continuous for cases. No work has been published to date
on the validity of using different exposure specifications for independenoe gissn

evaluation and case-only analysis.
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The exposure misspecification results will be useful to researchers gorgide
specific case-only studies, particularly with genes expected to int@thaspects of
smoking amount. If case-only studies are to be used to ‘screen’ for genesetiaat wtth
smoking, these results can help identify ancillary studies with appropriatéodatlid
independence assumption assessment. Again, because of the wide range bfaesearc
smoking behavior, both in terms of smoking cessation and other modifications of smoking
behavior, and on health outcomes, the utility of these results will not be limitedcer ca
research. Results from these studies should raise awareness of thisrshgricdhe
ancillary data currently available to researchers. Ideally, iiendourage research practices
that make more detailed control data available for independence assumption@valuati

Additionally, a wide range of genetic polymorphisms have been examined in both
studies. The CBCS had data on polymorphisms in 17 DNA repair genes, 7 xenobiotic-
metabolizing genes, and 5 other genes related to cell growth and oxidative dareage.def
The NCCCS had genotype data for 15 DNA repair genes, 3 xenobiotic metabolisrarmggnes
1 oxidative stress gene. (For a complete list of gene see Chapter V-B.)

Because both studies over-sampled African Americans there were suiffitike and
African American participants we were able to perform subgroup analystsabfied by
race. Stratification by race allows population stratification to be aduteatsleast crudely.
Population stratification is a potentially important source of bias in gessaciation studies
[182].

Finally, these studies provided a large sample size for evaluating gpeimtence
assumption (CBCS controls: N=2022, NCCCS: N=1053). Since the independence

assumption is a large sample approximation, it is crucial to evaluate it inesamifi
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sufficient power to detect relevant effect sizes. Across the range ofragrmlkeivalences in
CBCS and NCCCS controls and several control subgroups (African American in GB&b
years of age in CBCS and NCCCS, males in NCCCS), and at gene carriegnresalf 20%

or more, there was good power to detect$Odt 1.6-1.7 and above, the magnitude of
associations that previous data simulations have indicated to be problematiefoniyas
studies [5]. This is true for many of the measured genetic polymorphmdimsse studies,

which generally have carrier prevalences of >=10%. In particular, teerexcellent power

to detect OB of 1.6-1.7 and above for the 6 polymorphisms examined in the meta-analysis,

either overall or in subgroups.
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V. METHODS

A. Overview

The methods used in the two studies that comprise the dissertation complement and
support each other. Both studies were an examination of empirical data used te ¢valuat
independence assumption. The systematic review and meta-analysis gave a bvoad of/e
the range of OR to be found for the selected DNA repair gene SNPs. A systematic review
shows the broad range of study types that have collected, but not necessaritggresta that
can be can be used for independence assumption evaluation. The magnitugdearf &R
compared across numerous study-level characteristics such as desigaradatls. Methods
of individual-level data analysis used for the CBCS and NCCCS control groups afitosed¢ion
of effect measure modification and confounding, information not available in samaigsis.
Further, using two population-based control groups with detailed data on smoking provaes a
to examine the effects of misspecification on independence assumption evaudtiemel of
agreement across studies, using a different method than comparison in a meis.-Beggase
the 6 SNPs in the meta-analysis are also assayed in the CBCS and NCCCS aupsalegults
can be compared for the two methodologies. Use of these two approaches to explore
independence assumption evaluation from different viewpoints enhances understanding of the

methods necessary for valid evaluation of the assumption.



B. Literature-based analysis of the independence assumption

1. Overview

The first phase of this dissertation project was a systematic raviéd\Wterature-based
series of meta-analyses of specific gene-environment associations in gonips, cohorts,
cross-sectional and convenience studies, with the goal of better understateliogemeity
within specific gene-smoking associations. The environmental exposure wasgaodi
aspects of smoking behavior, such as dose and duration. The genetic exposures were
polymorphisms in 3 genes coding for DNA repair enzyif&CC1 XRCC3andXPD.

Meta-analytic techniques can be used to quantify the magnitude and heteyogieneit
the multiple gene-environment associations found in the published literature. It is
guantitative technique that can be used as part of a systematic review. tiranaigsis,
data from multiple studies addressing the same question undergo formal igaaditait
guantitative assessment. It differs from a traditional narrative rauieaveral important
respects. First, the literature on the topic of interest is searched in aysteraatic and
explicit manner, witha priori inclusion and exclusion criteria for studies. Second, data from
multiple studies is both quantitatively and qualitatively compared, and camiiened under
certain conditions, unlike a traditional review, which is primarily qualitativdeh/
appropriate, summary estimates of effect that take sample size of thduatlstudies into
account can be calculated. Meta-regression can be used to formally exploes séurc
heterogeneity between studies, usually an informal subjective processarthtive review.
Meta-analyses have the advantage of making the literature search pabtesst, more

explicit and, at best, more thorough as well. Additionally, meta-analysis is eexpret
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and objective way to compare study characteristics, and the only way to do itafivahyi
[183].

Meta-analytic techniques are used for two broad purposes. One possible get-of m
analysis is to produce a summary estimate of effect across studies. @& a®ridén criteria
are met, this technique can be used to combine results from underpowered randomized
clinical trials to produce a more precise estimate than otherwiseldgaildummary
estimates can be generated either from weighted pooling of the raw datadhoprerstudies
or, less directly, from combining the individual study estimates with apptepsieighting.
These techniques can also be used with observational studies, however thdariteri
producing a valid summary estimate are more difficult to meet and a sumstiergte is
often not of primary interest.

When a summary estimate is inappropriate (e.g. the studies are too éetenmsyto
combine), or not desired, another possible goal of meta-analysis is to explarertes ©f
study heterogeneity [184-185]. This is most often done when there are multipteadional
studies attempting to answer essentially the same question but resunltoasestent. In this
situation the primary goal is to understand differences between the studiesogdeeity
among studies can arise from both methodological and population factors [186-187].
Methodological factors that can produce heterogeneity include study design, method of
exposure ascertainment, and outcome definition. As a hypothetical example, before
widespread PSA (prostate specific antigen) screening, a study of racestadepcancer
including only screen-detected cases would be expected to yield a diffevesr) (nagnitude
of association than one that included only symptomatic cases, because rassosiasedl

with screening behavior. Another possible source of study heterogerdiftgriences
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between the study populations. A hypothetical example of this scenario would betsf resul
from observational studies looking at the association of body mass index (BMI}-aadse
mortality done in sub-Saharan Africa differed from results from similatiess conducted in
Western Europe, with higher BMI inversely associated with mortality in timeeioand
positively associated in the latter. It would clearly be inappropriatentbioe these studies
to derive a summary estimate.

Meta-regression, which is analogous to standard regression techniques in most
respects, is used to explore the influence of, and estimate the strength ofalpsdantes of
heterogeneity [187]. In meta-regression, the unit of observation is the indiviuida| the
outcome for each study is its effect estimate, and the independent predictassafatefined
values for each of the potential sources of variability. For instance, aegetssion
performed on 10 studies of lead exposure and kidney cancer would have an N of 10, the
outcome for each study would be the magnitude of the association between lead and kidney
cancer, and some independent variables could be study design (case-control v. tahort), s
site, year study was performed, and method of exposure measurement (bloeddisAoidne
lead levels). In meta-regression, outcome data on each observation (studghisduey the
inverse of its variance, and can be further weighted by any additionakf#utanvestigator
considers important. The variance component can be deconstructed into two components,
within study variance and residual variance. The residual variartee vatiance not
accounted for by the independent variables, called the between-study vaBatween-
study variance can be considered equal across studies if the given grugiesf s&an be
considered repeated trials of the same study. In this case a ‘fixed’affedel, which sets

the between-study variance to 0, may be used. Although it has been argued #mb$tudi

48



genetic exposures may be a special case [188], this approach is often notednside
appropriate for groups of observational studies as it can be difficult to contaptham as
repeated trials of the same study. Without this assumption, the betweenastadge is
allowed to vary, with a concomitant decrease in the precision of the summargtestirhis

is known as a random-effects model, and is often used with observational studsssinmies
that each study comes from a distribution of studies, each with their own ‘tR4e’Tis is

in contrast to the fixed-effects model where each study is assumed todiereatezof one
underlying ‘true’ OR. The choice of random- or fixed-effects models for meta-analysis is a
conceptual, rather than mechanistic, choice.

Stratified analysis, in conjunction with meta-regression, can help theigatest
begin to identify which of the hypothesized sources of heterogeneity contolthie
variation in study results, as well as begin to quantify the relative dtrandtdirection of
those contributions. Stratified analysis provides separate summary estuoypatady
characteristic and meta-regression provides a measure of each sttative teethe reference
stratum (e.g. hospital-based case control studies relative to population-assexictrol

studies).

2. Literature Search

After consultation with Lynne Morris, a reference librarian at UNieslth Sciences
Library, I identified appropriate keywords and databases for a thorough seé#neh of
published genetic literature. | used the CDC Genomics and Disease Predatabase
(GDPInfo), PubMed, and the ISI Web of Science as the primary databasgsorf® for the
CDC database were from the ‘Factor Menu’ keyword list and were as fobovaking

behavior; smoke (tobacco), passive; smoking (tobacco), bidi; smoking (tobacco); smoking
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(tobacco), maternal; tobacco. | used the CDC Genomics and DiseasatiBreglatabase to
determine the frequency with which various polymorphic genes are examined in comuncti
with smoking. Because the focus of the meta-analysis was associationonttioé groups
rather than the interaction, the search included studies with any outcome. Tloa@Gbase
is limited to human studies, and has a strong focus on gene-environment interacaturdit
After assessing the relative contribution of different genes to the genereneint literature
for smoking, a panel of genes for further searches was developed, emphasiesdighly
relevant to interaction analyses.

It was not expected that the CDC database would produce an exhaustive list of the
relevant gene-environment literature, but instead would provide a guide to yheopatic
genes most frequently studied in conjunction with smoking. The preliminary C2Bbadat
search folXRCC1land smoking produced 25 references. The same search on PubMed, with
the appropriate keywords for that database, produced 47 references and an andl®gebs IS
of Science search found 64 publications. There were 73 distinct publications in the combined
list of 136 references, but only 21 papers referenced by all 3 databases. Two papers wer
found only in the CDC database, 7 papers only in PubMed and 23 only in the Web of Science.
Although each database has its strengths (CDC is appropriately focudesl darrent
project, PubMed is more comprehensive but easily limited to relevant publicatidritbea
Web of Science is the most comprehensive and current), it was clear that nornvecallohiee
sufficient for a thorough search of the literature. Each database captiféztent subset of
publications within the relevant time period (1999 forward) for the genetic pobmsms of

interest.
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The goal for the final searches was to identify studies that presentechthe joi
distribution of the polymorphisms of interest and smoking in non-cases (herefsftexd ¢o
as controls) in a form that allowed estimation of the gene-smokin(P&RCI). Final
searches were done in PubMed, ISI Web of Science and CDC databases tasaptuck of
the relevant literature on each gene of interest and smoking as possible. PulbbMésh 3
Science and the CDC Genomics and Disease Prevention databases werd apacMarch
6, 2007 for peer-reviewed literature likely to contain data on the joint distribution of any of
the polymorphisms of interest [single nucleotide polymorphiXREC1Arg399Gin,

Argl194Trp, and Arg280HiEERCC2(XPD Lys751GIn and Asp312Asn, axdRCC3

Thr241Met] and smoking behavior in non-case groups. Non-case groups were defimgd as a
group not selected as the index group based on disease status (e.g. cohorts, convenience
samples and control groups from case-control studies). For simpliciynatiase groups

will be referred to as controls throughout this document.

For PubMed searches the terms ‘(smoking OR tobacco OR tobacco smoke OR
tobacco smoke pollution)’, ‘(polymorphism OR polymorphism, genetic)’ and a gene-specifi
keyword (e.gXRCC2J were used together to identify papers that included the polymorphisms
of interest and smoking. ISI keywords were (‘smok* OR ‘tobacco’) and the gafic
keyword. The searches used the ‘general search’ and ‘by topic’ optionsatitét the
abstract and title text, not just the title. Searches included all documestaryg in all
languages. PubMed, ISI Web of Science and GDPInfo databases weredsaprtth#®larch
6, 2007 for relevant peer-reviewed literature.

Two types of studies contributed information on gene-smoking associations. The firs

were ‘main effect’ studies, that is, studies that focused on the associdti@ebehe given
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genetic exposure and smoking behavior. For example, this included studies of DMA repa
genotypes and degree of genetic damage in blood cells of healthy volunteers, smadkers
nonsmokers. The second type of study that provided information for calculatinga®R
gene-environment interaction studies of the polymorphism of interest and smoking. Thes
gene-environment interaction studies often contained tables of the joirtdistri(in cases
and controls) of the polymorphism and some aspect of smoking behavior. In order to further
the goal of examining heterogeneity between studies, the inclusion asiezadroad. To be
included a study had to present either 1) control data on the joint distribution aff they
genotypes of interest and any measure of smoking such thgd®&R CI) could be

calculated or 2) an estimate of the &Rd 95% CI in controls. Further, each study had to
provide enough information on the specific polymorphism and genotyping method to be
certain the same polymorphisms had been assayed across studies. SNRahssigna

considered equivalent are in shown below (Table IV.1).

Table IV.1 SNP designations for data abstraction

XRCC1 XRCC1 XRCC1 XPD (ERCC2) XPD (ERCC2) XRCC3
Arg399GIn  Argl94Trp  Arg280His Lys751GIn AsB312Asn Thi241Met
G28152A C26304T G27466A A35931C G23591A C18067T
exon 10 exon 6 exon 9 exon 23 exon 10 exon 7
rs25487 rs1799782 rs25489 rs13181 rs1799793 rs861539
R399Q R194W R280H K751Q D312N T241M

ERCC2 18880 A>C ERCC2 6540 G>A

Data used in more than one published analysis was only included once in any given
meta-analysis. Abstracts were excluded. There were no langsagetions on the searches.
After searches were complete, abstracts were screened to asbatttie study had smoking

exposure, one of the SNPs of interest and non-cases. Full text versions were obtalhed for
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articles meeting these criteria except the one non-English paper. bskEarticles were
included in the search to ascertain the proportion of missing studies causedangtizeé
exclusion. Full text articles were evaluated for appropriate contral éditarticles were

screened and abstracted by E. Hodgson.

3. Data abstraction

If an abstract was not excluded by the initial screening, the paper waget@ied
reviewed for data appropriate for construction of, at minimum, a 2x2 tablerfotype-
smoking association in controls. If an unadjusted OR for any genotype-smoloopiass
could be calculated, the as much of the following information as possible was alstract
SNP, genotype categories (3 genotypes, dominant and/or recessive models), sratisng st
and dose categories [ever/never, current/not current, smoker/non-smoker, reeeféimrent,
pack-years (PY), duration and/or intensity], and cell counts for all genatglbenaoking
categories. Cell counts and smoking and genotype categories were atsiractpreprinted
forms to reduce data entry errors.

The following study characteristics were abstracted directly intexael spreadsheet
for coding: year of publication, study design (case-control, cohort, cross-sgctiona
convenience, other), source of control group (for case-control: population, hospital, friends
and non-blood related family, convenience, community, neighborhood, other; for cohorts:
population, occupational, convenience, other), type of clinic that hospital- or climd-bas
control groups were from (disease clinics, checkup clinics), matching avéstcs (none,
frequency-match, individual-match, matched on age, gender, ethnicity or, stheg)
outcome (cancer [type], non-cancer disease, non-disease), full study/cooumbize (N),

size of SNPxSmoking subset (N), country, percent male participants, stlighoithite, %
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African American, % Asian American, % Han Chinese, % other), Hardy Weinberg
equilibrium p-value, minor allele frequency, health exclusion criteria foyAtadtrol group

(no exclusions, history of case cancer, history of any cancer, “cancenfilgebther health
conditions, “healthy” only, other), number of genes/SNPs assayed, and number ofgsmokin
categories. If the HWE p-value or MAF was not given but could be calculated, it was
calculated and included. An estimate of central tendency for participgetsi gears
(designated “average age”) was derived for each study using, in ordefevtpce: median
age, mean age, weighted average across study age categories, midpoinanfag&o

individual-level characteristics were abstracted.

4. Meta-analyses

Environmental exposuretobacco smoking behavior, including dose and duration,
was the environmental factor investigated. Smoking was chosen due to public health
importance conveyed by the high prevalence of the smoking and the strong jisstifica
further gene-environment interaction studies. Smoking status was ca¢eigasi (1)
ever/never (referent), and (2) current/not current (referent). Smokinghamas analyzed as
(1) pack-years [PY, lowest non-zero category (referent) compared tothigheduration
[years, shortest non-zero category (referent) compared to longdg)asmoking intensity
[cigarettes/day, lightest non-zero category (referent) compateektviest]. Original study
categorizations were used when possible. The categories “passive smokirandrig&ver
active or passive smoking” were combined into “never” for our analyses. Hysesaf
current/not current smoking, never+former smokers and “non-smokers” (if ideéragfinot
current smokers) were considered not current smokers. Pack-years of srpakiagdars =

number of packs smoked per day multiplied by years smoked; 20 cigarettes=1pack) we
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analyzed as relative categories [lightest smokers vs. heaviest snegjadigss of PY

cutpoints] and absolute categories [< specified range of PY cutpoints vs. >mtheasme of

PY cutpoints; ranges varied by SNP]. The ranges were chosen to maximmzentiber of

included studies while keeping the range small enough that no study would have >1 cutpoint
in a specified range. Similar to PY, smoking intensity was categorizezlative (lightest vs.
heaviest smokers regardless of cigarette/day cutpoints) and absolute.(22®0s
cigarettes/day) measures. Smoking duration cutpoint range was 20-40 yeass;antbr all
SNPs.

Genetic exposuresSix polymorphisms in 3 DNA repair genes. The six SNPs were
XRCC1JArg399GiIn (rs25487), Argl94Trp (rs179872), Arg280His (rs2548H
[Lys751GIn (rs13181), Asp312Asn (rs1799793)] ¥RICC3[Thr241Met (rs861539)]. The
three genes participate in 3 different DNA repair pathways, the BER aaitRCC), the
NER pathway XPD), and the DSB pathwgi)XRCC3. These genes were chosen for their
relevance to cancer risk, the relatively high prevalence of several 8iese genes, the
availability of published control group data, and their relevance to further inberatidies
with tobacco smoking. Because there were too few studies that provided the jalnitchstr
of genotype and smoking using all three genotypes (homozygous common allele,
heterozygous, homozygous for the variant allele), all analyses were done usingitientiom
model (homozygous for the common allele as the referent vs. genotypes witriany v
allele). Studies where only the ¢§B5% CI) for the recessive model were presented were

included in the systematic review, but not in any of the meta-analyses.
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Outcome measureUnadjusted odds ratios (@Rand 95% confidence intervals for
each SNP-smoking association were calculated from cell counts 92atssing metan STB-
44: sbe24).

Summary estimatedzorest plots with visually weighted point estimates were used to
graphically display individual Of95% CI) for each study and the summary,Q#% CI)
for each SNP-smoking pair. To reduce the possibility of results being confounded by
ethnicity (population stratification) in overall analyses and when exagihestudy
characteristics likely to vary strongly by ethnicity (Hardy Weigbaguilibrium p-values and
minor allele frequency) studies were stratified by ethnicity andetlesg separate studies if
possible. Fixed effects models were used for summary estimatessinlies were too
heterogeneous to combine. Cochran’s Q two-sided homogeneity p-ust0eE)) were used
to assess overall heterogeneity in odds ratios [189].

Funnel plots were generated for inspection and testing. Two tests fdrcstiatis
significance of funnel plot asymmetry were used were used to assessethapfuir
publication bias [190]. When data were sufficiend,({d==5), asymmetry was formally
assessed using Begg and Mazumdar’s test [191] and Egger’s test [19Q]1&. Funnel
plots graph the effect size of each study against its variance (or otheum@associated with
sample size, inverse variance etc.). Generally, as variance irscesfes® sizes also increase
if all studies, both positive and negative, have been published, creating a funnel sbaped pl
If there is an area of the plot where studies that have similar effestasizl variance are
missing, for instance, small studies with null or negative findings, the ‘funiiebe
asymmetrical. This could indicate a publication preference for large stuegardless of

results, and small studies only when the results are positive. There areactbex that can
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cause funnel plot asymmetry but a symmetrical plot argues against pablimas. It is
unlikely that publication bias based entirely on the magnitude of interactiorsaffect
common occurrence. However, it is possible that null results for main effeatglirstudies
may be correlated with positive results in interaction analyses and preailneedegree of

publication bias.

5. Study characteristic analysis

Stratified analysis To further the goal of understanding the heterogeneity of the
included studies, multiple study characteristics were abstracteddbifiesti and meta-
regression analysis. In study characteristic analysis, the goadé if effect size or
homogeneity varies, on average, by strata of a given study chatact&or instance,
stratified analysis will show whether studies with controls out of HWE have maugnOR
different than the summary QBf studies with controls in HWE. Cochran’s Q statistic two-
sided homogeneity p-values were used to assess heterogeneity watainastit is also of
interest to see the SNP-smoking SRith a subgroup of studies defined by a study
characteristic are more homogeneous than for that SNP-smokiamy@®ll. Consistent with
the goal of study characteristic analysis, stratum-specifimatds for each subgroup of
studies were calculated regardless of homogeneity test results.

Stratified analysis of study design was performed for all SNP-smoking catidnis,
because this study characteristic was consideaibri the most important, given that the
independence assumption applies population-based controls or cohorts. However, due to
sample size considerations, the remaining study characteristieexamnined only for
XRCC1399,XPD 751 andXRCC3241 and only for ever-never smoking, current-not current

smoking and pack-years of smoking. Forest plots were done for each stratiigesihgeking

57



association examined. Stratum-specific funnel plots were constructeifféoent strata of
study characteristics where the data allowed. Stratified randoctseffeta-analyses were
used when the overall SNP-smoking association had a Cochran’s Q p«@lie, otherwise
fixed effects meta-analysis was used, regardless of the homogeneityep-gaindividual
strata. For purposes of comparing strata either random- or fixed-effedsmaltiallow
comparison. The same method was used for all study characteristiavei S§P-smoking
combination to ensure comparability within SNP-smoking study charactensdlysis.
Meta-regression Consistent with the goal of exploring study heterogeneity, meta-
regression was performed regardless of homogeneity of the studies includegumimary
ORs. Meta-regression provides a formal comparison of the stratum-speciBd@Rtudy
characteristic. It produces a ratio of the stratum-specificd®Rpared to the reference
stratum for that study characteristic, therefore a ratio of ratiofRRjRvith corresponding 95%
Cl. Therefore, regression coefficients for each study characténiskie meta-regression
model indicate the direction and magnitude of the association between that study
characteristic and the magnitude of the,ORleta-regression was performed for all SNP-
smoking combinations where sample size allowed. The minimum conditions fortgenera
meta-regression estimates (RORs) was that there were atleasttlies in each of at least
two strata. Because the sample size was generally small withinrstriiteariable regression
(including multiple study characteristics in a single model) was not a \iatdeling strategy

and was not performed.
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C. Gene-smoking association in CBCS and NCCCS controls

1. Overview

This portion of the project consisted of an empirical analysis of control group data
from two population-based epidemiologic studies to estimatef@Rneasures of smoking
and a panel of polymorphic genes plausibly related to smoking behaviglis Gffnterest
because it is itself a measure of bias in the COR, an estimate of the iotepacameter from
a case-control study (SIM). The purpose in estimatingi®©® estimate the degree of bias in

the COR, relative to the SIM.

2. Study populations

As described previously, both the CBCS and NCCCS are large population-based case-
control studies conducted in central North Carolina during the mid- to late 1990 atieat
collected extensive data on smoking and genetic exposures. Both studies ovedsampl

African American participants.

Both studies included urban, suburban and rural areas (CBGss2811,
Neontrois=2022; NCCCS: MNises646, Nontrois=1053) [175, 177-180]. CBCS controls were
pooled controls from Phase | (N=790), Phase Il (N=774) and the Carcinoma in situ (N=458)
study. Because the underlying study populations in the CBCS and NCCCS weae zirnil
not identical, and agreement was of interest, controls were not poled across fotles
studies over-sampled African Americans. CBCS controls are all fem@leCIS controls
also include male participants. Potential controls were selected from W<ioDiof Motor

Vehicles lists (<65 years of age) and Health Care Financing Adnatiost lists (>=65 years
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of age), using randomized recruitment and frequency matched on age, race anfiL§&hder
CBCS participants were approximately half African American and halfye&fs of age.
NCCCS participants were sampled such that the race, age and gender distrilnathoiowiy
selected cases is approximately 1:1 for gender and race. The CBCS an& N€£iGimilar

guestionnaires and both have extensive data on tobacco smoking history.

3. Statistical methods: Estimation and evaluation of OR

Gene-smoking association was estimated for all genetic variants in the &RIC
NCCCS plausibly related to smoking behavior, including each of the DNA repBs SN
previously assessed in the meta-analysis.

Environmental exposureln the CBCS and NCCCS smoking status was categorized
as ever, former or current smoker. Four different comparisons of smoking statuseneed
from these: 1) ever (current + former smokers) vs. never smokers, 2) current usremt c
(never + former smokers) smokers, 3) current smokers vs. never smokers and 4ygormer
never smokers. Three measures of smoking amount were used: duration (<10 y2@ars, 11
years, >20 years), intensity (<1/2 pack/day, 1/2-1 pack/day, >1 pack/day) anccpeskRY:
<=35 PY, >35 PY). Pack-years were derived from categorical variatlddgarspacks/day
and years smoked (pack-years are equal to the midpoint of the category for otigezes
smoked multiplied by the midpoint of the category for number of packs smoked/day).

Genetic exposuresA sample of polymorphisms was chosen from available genotype
data in the CBCS and NCCCS based on potential relevance to smoking behavior and/or other
smoking-related health effects (convenience sample). Genes selenigtlddCBCS were
xenobiotic metabolism gene€YP1Al, GSTM1, GSTP1, GSTT1, NAT1, NAT2, OOMT

DNA repair genes (Base excision repaPE 148, hOGG1, MYH, XRC{Couble strand
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break repairBRCA2, NBS1, XRCC2, XRCC3, XRCRIEmatch repairMGMT; Nucleotide
excision repairERCC1, ERCC6, RAD23B, XPC, XPD, XPF, XRsxidative stress defense
genes MnSOD, MPO, NQOJ a cell adhesion gen€DH1) and a growth factor gene
(TGFBJ). NCCCS genes included: xenobiotic metabolism geB&§ M1, GSTT1, MEH
DNA repair genes (Base excision repADPRT, ADPRTL2, APE 148, XRC@ouble
strand break repaifNBS1, XRCC3Mismatch repair-MLH1, MSH3, MSHENucleotide
excision repairRAD23B, XPC, XPD, XPF, XBGand an oxidative stress defense gene
(MnSOD. Methods of collection and most genotyping have been described previously [68,
171, 193-203].Those homozygous for the most common allele (“no variant”) were the
referent group (G-) and were compared to heterozygotes plus homozygoktes|ésist
common allele (G+, “any variant”).

Hardy Weinberg equilibrium was testedua.05 for all polymorphisms except
GSTM1, GSTT1, NATANndNAT2 These genes were not categorized in such a way the HWE
could be calculated. Alleles for each of these genes were grouped into 2 functegaliea
(null/present activity foGSTTM1andGSTT1 fast/slow metabolizers fdtAT1andNAT2
rather than as genotypes with the actual alleles that assort under HWE

Gene pathwaysGenes were classifiedpriori by their primary metabolic pathways
(e.g. xenobiotic-metabolizing genes, DNA repair genes, oxidative striesse@enes etc.)
although some genes function in multiple or overlapping pathways. For instaned?kase
| and Phase Il xenobiotic metabolism enzymes have both exogenous substrates and
endogenous substrates (€C@MT). All analyses considered whether there appeared to be

patterns of association within and among gene pathways.
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Outcome measureEstimates of ORand 95% confidence intervals were generated
using logistic regression. Because the goal of this project was reataoni of the
independence assumption and potential bias introduced into case-only estimatesctibimtera
by its violation, the magnitude, not the statistical significance, gfw@® our primary
concern. OBs of moderate magnitude (>=1.4 or <=0.7) were judged, for the purposes of this
project, to be of sufficient magnitude as to cause unacceptable bias in the CORyialhea
research contexts. Of course, each BRNly one estimate of the true underlying association
and the true level of bias could be much larger or smaller, as suggested by the theth of
95% CI. Consequently, estimates with very wide confidence intervals weuoel@kdrom
consideration. Confidence interval width was the ratio of the upper bound of the 95% CI to its
lower bound. Only OB with confidence limit ratios (CLR, upper bound of Cl/lower bound
of CI) less than four were included, with the exception of calculation of kappa fenagme
between CBCS and NCCCS data (see section below on agreement) wherat®ORLRs of
up to 5 were used.

Population stratification:Because the CBCS and NCCCS have study participants
from different ethnic groups (white and African American) it is importamonsider whether
population stratification could have a substantial impact on analyses. Population
stratification, and the magnitude of the bias it may introduce into associatthess has been
debated in the literature, most prominently by Thomas and Wacholder in 2002 [182, 204].
The term population stratification refers the fact that alleles at pojmc sites in the
genome can have different distributions in different populations, causing stfagaoisps)
based on membership in these genetically distinct populations, within study populaties. T

can cause confounding in genetic studies under certain conditions. Specifieadiydy is
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analyzed without regard to ethnic group and/or ancestry, and the allele ot iistenese
prevalent in some ancestrally related groups than others, and the baselinéghesgut€ome
varies among the same groups, confounding may occur. The term ‘populatiorcati@tifi
will refer to this type of confounding from here on. Specifically, Wacholder et. #h@Gt
conditions necessary for population stratification to occur: 1. variation in genargss a
ethnicities 2. variation in disease rates across ethnicities (aftermadjudbr known risk
factors) 3. allele frequencies that track with disease rates athogstees (for reasons other
than genotype of interest). Th® dondition they outline is actually a requirement for the
confounding to substantially affect study results, rather than a requireanennhfounding
itself. It is that there be insufficient information on ancestry or etlyrfi@m study
participants to reduce bias to an acceptable level [204].

Population stratification could cause bias in the estimate of control groupesisssc
between genetic exposures and smoking behavioy) (O&dnditions 1-3 (above) were met
and the self-reported racial categories in the CBCS and NCCCS wergiaatifb control
for this bias. Considering first the necessary conditions for confounding of thieyOR
population stratification, it is clear that it was possible. A number of tHe &iésjuencies
measured in the CBCS and NCCCS varied by raceXGC1Arg399GiIn [6.8% and 16.7%
MAF in whites and African Americans respectively] axiéD Asp312Asn [6.0 and 16.1
MAF in whites and African Americans, respectively]). Smoking behavsar @ried by race
in this population. Although 19% of both white and African American CBCS participants
reported being current smokers, never and former smoking are reported by 50% and 31% of
whites and 60% and 21% of African Americans, respectively. This satisfiedstinldaoad

terms, the first two conditions. When there are only two subgroups in the data, the third
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condition (that allele prevalence ‘track’ with outcome prevalence) is reedgsatisfied
when the first two conditions are met.

The fourth condition, that the available information is not sufficient to adequately
control for this bias, was much harder to evaluate. Primarily, it hinged on whedhssif
reported racial categories collected for this study were an adqmoaiefor 1. relevant
genetically defined subpopulations and/or 2. the true unmeasured risk factor teat caus
differences in baseline smoking behavior. Though not conclusive, there has been some
empirical evidence available to evaluate whether self-reportecttiacigity is an adequate
proxy for genetic subgroups for whites and African Americans (the taugpgrin the CBCS
and NCCCS). In a large study (N=3636) that included participants from 4 setfeckpthnic
groups, genetic cluster analysis using a panel of 326 microsatellkenn&w identify clusters
showed nearly perfect correspondence (99.86%) with self-reported etbuyocagrd genetic
cluster [205]. The four ethnicities included were Caucasian, African Aameritast Asian
and Hispanic. Multiple study sites were included and there was only minimalorabg
study site within self-reported racial group. Analysis at a finer lerasl able to distinguish
separate clusters for Chinese and Japanese patrticipants but no reliatdesibguld be
formed within Caucasians, African Americans or Hispanics [205].

While the Tang et. al. (2005) study provided evidence that broad self-repaitdd ra
and ethnic categories correspond well to genetic subgroups, at least in thepegtlations
and for these markers, it did not address the possibility of varying degreesixtuaenvithin
these ethnic categories. An empirical analysis of the degree of bidsi@assi study of N-
Acetyltransferase 2NAT2 polymorphism and either male bladder cancer or female breast

cancer using data that mimicked the allele frequencies and disease thgeESfpopulation
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of non-Hispanic European origin, demonstrated that bias from population substructafe was
minimal importance for non-Hispanic whites in studies of cancer [206]. Tagethtw,

these studies [205-206] indicate that self-reported information on racaegsiized in the
CBCS and NCCCS as white or African American, is sufficient to appropyristrgitify study
participants by race and adjust for race.

Similar work has been done for the African American population, however, the
historic circumstances of enforced immigration and subsequent admixture havsutiade
work much more difficult and complex [207]. On an individual level, African American
ancestry demonstrates a high degree of admixture with European aasesél as
admixture of various ancestral populations in Africa. The degree of Europeanwaérixs
been estimated at 12%-23% [208]. This admixture could be problematic if the degree
admixture tracks with smoking prevalence and with a true risk factor for smokiagibe
[204-206]. In a simulation study, Wang et. al. (2004) modeled admixture from 2-10
ethnicities (subpopulations) to a maximum of gene prevalence differencegbetwe
subpopulations of 5-95%, at OR=1 and OR=2. Their results showed that bias wadlccepta
low (<10%) at most of the scenarios presented. Bias was maximal (~20%) with onl
ethnicities, a gene prevalence difference of 90% (5% in one group, 95% in the other group)
and a true OR of 2.0. The 95% percentile of bias under this scenario, however, was a more
modest 4% (OR=2.08 vs. 2.0). In CBCS and NCCCS data, the assumption of admixture from
only 2 ethnicities was conservative, as it ignores admixture betweeafaiccestral groups
and Native Americans, but plausible on a broad scale. There were no gene peevalenc
differences as extreme as 5% & 95% in the CBCS or NCCCS controls. Fes alithn MAF

differences of 20% or less, which were typical in the CBCS and NCCCS, amyigidiéas
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should be well below the maximum 9% (at-risk genotype differences 5-40% havé [2%s
at the 95 percentile).

In conclusion, although the potential for bias by population stratification, even after
adjustment for race, certainly exists in the CBCS and NCCCS data, theudagstibuld be
small given the self-reported racial categories. Clearly sormueg€onfounding by
population stratification may have remained after controlling for raoeerall analyses, but
the information available was sufficient to stratify by race and exanaice as an effect
measure modifier before proceeding to any combined analyses.

Consequently, race-specific analyses were done for each gene variant and smoking
measure. Effect measure modification by race was assessed by peyfibrenikelihood
ratio test comparing models with and without a race*smoking interaction tegmfi&int
results for the interaction termm=0.05) in a majority of smoking measures precluded pooling
African American and non-African American participants for that genama

Modeling Unconditional logistic regression with a dichotomous representation of the
genetic variable (homozygous for common allele=referent [G-], heterozygoosiozygous
for less common allele=exposed [G+]) as the dependent variable was used for Aignode
The dominant model was used to preserve power and precision of estimates of OR
especially for stratified analyses where cell sizes tended to befenmsdime subgroups (e.g.
African American women in the NCCCS). A single model of the general limgit (G+/G-)
=a+PB@E:L+P @i COV (2 + error (where G+= positive for genetic variant, E+=positive for
the smoking behavior, COV=any additional covariates) was used for all SNPs.

Each dataset was evaluated for effect measure modification bfycsttiain on race

(white, African American), age (CBCS: <50y, >= 50y; NCCCS: <65y, >¥@hy gender
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(NCCCS only), respectively. Effect measure modification would have also ssessad for
any individual level factors identified in the meta-analysis as strawjqtors of effect size,
had there been any. Average age was a mildly suggestive as an influenyighstxatteristic
but would have been evaluated as a potential effect measure modifier regafdjes
distributions in the CBCS and NCCCS were different, necessitating differgmatts for the
binary age variables.

In order to decide whether to stratify analyses on race or gender a likelgtmotk st
was performed comparing models with and without a race*smoking interactiofoierm
gender*smoking interaction term). Significant results for the intena¢érm ¢=0.05) in
three or more smoking measures precluded pooling African American and noarAfri
American (or male and female) participants for that SNP.

Although frequency matching procedures using randomized recruitment in the CBCS
and NCCCS were based on projected case incidence, and no cases were used@nthe c
analysis, the matching process distorted the prevalence of these fadtersimalérlying
population, potentially affecting gene-smoking estimates. Based on diesstelic graphs
(DAGS) [209], and their status as matching factors, age (continuous), rdgesdl: white
or African American) and gender (NCCCS only) were assesspdtantial confounders of
the gene-smoking relationship. Based on the DAG (Figure V.B.1.), two additional @ariabl
were evaluated as potential confounders: first degree family history chaocgr, excluding
non-melanoma skin cancer (Y/N) and total family income (<15K, 15-<30K, 30-<50K,
>=50K). To order to address the possibility of missing data for family fiistancome
introducing bias, OR from the full dataset [adjusted for age, race and gender (NCCCS)]

were compared with identically adjusted Sk a dataset restricted to those with no missing
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data. Estimates were not appreciably different, therefore the fulbtiatas used to assess
confounding by family history of any cancer or total family income.

Percent change [t coefficients was calculated but not used to determine whether a
covariate would be retained in the model; because of the high proportion of estitoageto
the null (Range in CBCS: 0.5-2.5, NCCCS: 0.6-1.6) this commonly used criterion was not
sufficiently informative. A potential confounder was retained if the absehltue of
difference between smoking varialfleoefficients from models with and without the
potential confounder was > 0.15 (i.e. wh@ncpefficient for smoking from model with
potential confounder § coefficient for smoking from model without potential confounder|
>0.15 the covariate was retained). Rather than generating potentialhsddzgene variant-
smoking-specific models, the same set of confounders was used for all gants\ar
comparability across gene variants. If a covariate met this ontér any gene variant-
smoking estimate, it was retained in all models.

After assessment of effect measure modification and confounding, an assowxi
characterized by the magnitude of {Bdds ratios >=1.4 or <0.7 were considered evidence
of non-null association) and precision of the accompanying confidence intervalatest
with CLR>4 (upper limit/lower limit) were excluded from consideration ssletherwise

stated. SAS 9.1 was used for all modeling [210].

4. Agreement

After assessing gene-variant-smoking R the CBCS and NCCCS datasets
separately, agreement between the two studies was assessed for the 15paymor
included in both studies using a weighted kappa statistic [211]. The weighted kappaemeasur

the degree of agreement between two or more raters that are using aveutirdeal scale
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to categorize a series of subjects, beyond what would be expected due to chancehalone. T
raters were the CBCS and NCCCS, and the “subjects” of agreement wasegbee-

smoking associations measured by both studies. WaR categorized into three categories:

1) below the null, OK0.9, 2) null, 0.9<=0OR=1.1 and 3) above the null, @R.1. Only

OR; with confidence interval widths of <4 were assessed. With the weighteddistati
disagreement between 2 adjacent categories has less influencestatistie than

disagreement between ratings further apart on the ordinal scaleat€gertes of Landis

(1997) were used to describe strength of agreement or disagrd2irfyntAs a sensitivity
analyses, agreement was also assessed with the definition of the null cloabhgetl. 2

(inclusive) and including all data regardless of CLR.

5. Misspecification of smoking

This study also explored the issue of undetected bias in the COR introduced by
misspecification of smoking during independence assumption evaluation. When a case-
control analysis of interaction is done, all exposures are specified idgriiicalases and
controls. For example, if smoking is categorized as ever-never for casgs/gan model it is
also ever-never for controls in the same model. However, when a stand-aleoslgatedy
is considered, the independence assumption must be evaluated in ancillary data, and
exposures may be specified differently than they will be in the case-mallysas. The most
common specification of smoking available in the literature, ever-neuetlikely to be the
only measure of smoking assessed in a case-only analysis including smokingthe/oézs
differ across different measures of smoking, additional bias, over and above the bias
introduced when the measures are identical, will be introduced into the COR.oAaldijti

the decision whether or not to proceed with a case-only study may be affected.
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The occurrence of moderate magnitude,©fidar smoking status (ever-never or
current-not current smoking) was compared to the occurrence of moderateusha@iis
for any measure of smoking amount (duration, intensity or PY) for eachgeagént in the
CBCS or NCCCS. Because the CBCS and NCCCS control data allowed estimati®n of O
across 5 different specifications of smoking for all genetic variantscylar genetic variants
were identified that had discrepant SRcross different smoking measures. Further, since
evaluation of the independence assumption in the literature is almost exgldsinelby
significance testing, we also compared significance testing gt@Re method used in this

study, a method based on the precision and magnitude R CI).
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V. RESULTS

A. MANUSCRIPT 1: Smoking and selected DNA repair gene polymor phismsin control

groups: systematic review and meta-analysis

1. Introduction

The case-only study design as proposed by Prentice et. al and promoted byRiegors
et. al. [1-2] has been increasingly used to estimate the magnitude oicalatiggraction
between two measured exposures with respect to a given outcome, most comneoelyca g
and an environmental exposure. This method requires only cases, no controls or defined
cohort. Provided the design assumptions are met, the case-only study can espeafea s
form of statistical interaction, departure from constancy of rate ratios imttexlying
population, but not main effects of the two exposures. The design assumption of interest is
that the relevant exposures are independent in the underlying source population. hAhleoug
constancy of rate ratios between different strata of exposure in the underlyiog sour
population is the true parameter of interest (often represented as Z=1gpnasécontrol
groups are frequently used to estimate Z using OR, is ideally the odds ratio from an
unmatched density-sampled control group of a case-control study but in practice/peny
of control groups have been used.

There are potential advantages to the case-only method in several settiadacKlof
requirement for a control group has obvious cost advantages, but there are methddologica
and ethical advantages as well. Estimation of the interaction parametecdse-only

analyses is more efficient than for a traditional case-control study (et éases are



required for similar precision of estimate) and with no need for controls, tieefevasr
participants overall [8]. Not having controls may mitigate selectiorebidae to, for

example, differential recruiting success between cases and control$e@ndiél recall of
environmental exposures by case-control status. Invasive procedures that afregsas’
diagnosis or treatment often cannot be done ethically in healthy volunteersakyspeci
vulnerable groups such as pediatric populations [9]. But these advantages come @t a cost
case-only study only estimates interaction on a multiplicative scale {jdevid the rate ratio

for those having both the genetic and environmental exposures from the productaifaste r
for those with either the genetic or the environmental exposure, but not both). It cannot
estimate the independent effect of either exposure, or interaction on theeasichilie

(deviation of the rate ratio for those having both the genetic and environmental exposures
from the sum of rate ratios for those with either the genetic or the environmeptsiure).

This limits its use to situations in which the independent effects of the pos@ves are not

of interest, nor are synergism or antagonism of the exposures [213-214]. Celatrtba

bias is the only validity threat the case-only design avoids, in comparison with ¢he cas
control design. Consequently, case-only studies have been proposed by severaltorgestiga
as a mere screening method to identify candidate gene-environment or gengeyanBons

[5, 16-17].

However, the increase in precision and avoidance of control-selection bias isdhe ca
only method requires a major assumption: that the two exposures are independent in the
source population (Z=1) [1-2]. Data simulations have demonstrated that violatitwes of
independence assumption that have a small magnitude can strongly bias the case-only

interaction parameter, increase the mean-squared error (MSE)e sifatof Neyman-
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Pearson hypothesis tests (i.e. the actual probability of rejecting auliue/pothesis) above
the maximum tolerable level (e.g. alpha=0.05)[5], and thereby reduce coefidéarval
coverage probabilities below their specified values (e.g. 95%). As Z grolwsrfinam 1 in
either direction, these problems also increase appreciably. When control-greup gen
environment (G-E) associations are of similar magnitude but opposite in directien to t
interaction effect, a case-only study may not detect interaction eféetige Il error [5,
124].

Generally, when the ‘implausibility’ of specific G-E associationasrgued in
published case-only analyses, it is considered only within the framework ofityaasel
non-causal scenarios are rarely invoked. Arguing from the causal persgeetng unwise
for many, if not most, of the relevant gene-environment associations in the faeenoéié
variety of gene-behavior associations considered plausible enough forgatiest{e.g.
smoking behavior or diet), and our incomplete knowledge of genetic influences on health-
related behaviors. The strongest example of a causal independence assumptiiom igiola
the well-known association between aldehyde dehydrogen@ddeD®@) genotype and
alcohol consumption, in which the variant allele produces unpleasant physicalredotn
alcohol is consumed, greatly reducing alcohol consumption in carriers [72, 74larlgim
skin pigmentation is strongly associated with sun exposure, rendering a castsdnlgf the
interaction of skin pigmentation and UV exposure in cancer invalid. Genetic influences on
smoking behavior are also an active area of research, for example thatass¢ai lack
thereof) betweeRYP2A6and smoking behavior has received considerable attention in the

last 15 years [87-88].
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Gene-environment correlations in populations (sources of non-independence) can be
non-causal as well. For example, Z can vary from the null if environmental andcgeneti
exposures have been non-differentially misclassified with respect to eachasthan happen
when population subgroups, often ethnic groups, have different gene variant prevaldnces a
different patterns of environmental exposure (population stratificatiorNdh-random
misclassification of either the genetic exposure (e.g. genotype isiradgeerfectly but is in
linkage disequilibrium with the causal variant rather than actually beingfittiegically
active genotype) and the environmental exposure (e.g. heavy smokers underrepogd smoki
more than light smokers) can also create an apparent association in a studygmopulati

Selection bias could also cause association between two exposures in a control group
being used to estimate Z. For instance, if smokers with a family history ofitb@me are
less likely to participate as controls than smokers without a family historgn-smokers
with a family history, a spurious inverse control group association could be createemetw
smoking and any genetic exposure related to family history. Cohort eftedtsatfect
control group associations if, for instance, a genetic exposure is assoctatkhgevity, and
the environmental exposure is one that has changed prevalence in the population over time,
such as smoking or dietary patterns. When ©Reing used to estimate Z, such distortions
of OR, can mislead investigators about the true magnitude and direction of Z in the source
population and lead to incorrect interpretation of the COR. Chance can also play amoée. Si
the expectation that QRL when Z=1 is a large sample asymptotic approximation, as sample
size decreases, QRill deviate from the null with increasing frequency through random error
alone [5]. Consequently, as Z is estimated by @Rubgroups, and sample size drops; OR

has a higher and higher probability if deviating from Z by chance alone. A pryxgeotah

74



to the independence assumption would be to thoroughly examine any empirical evidence and
biologic theory for or against causal association between the relevanwaemts and
exposure before proceeding with a case-only study.

Smoking is an environmental exposure that is commonly measured, can be quantified,
and is important both in gene-environment interaction research and for public heedth ove
Variation in DNA repair is thought to be important in cancer [152, 215]. Three polymorphic
DNA repair genes, X-ray cross complementing gen¢éRCCJ, xeroderma pigmentosum
complementation group DXPD, previously excision repair complementing defective 2
(ERCCJZ], and X-ray cross-complementing geneXRCC3 which patrticipate in the base
excision repair (BER) pathway, the nucleotide excision repair (NER) pgttamd the double
strand break (DSB) pathway, respectively, have single nucleotide polymosghiahhave
been investigated in numerous studies, particularly cancer studies. Three inmpmrtant
synonymous single nucleotide changes (SNPs) have been studiiGart Arg399GIn
(rs25487), Arg194Trp (rs1799782), and Arg280His (rs25489) [216-217]. A single nucleotide
change inXPD exon 10 (Asp312Asn, rs1799793) and another in exon 23 (Lys751GlIn,
rs13181) have been studied [218-218RCC3has one studied amino acid-changing variant,

a Thr241Met variant (rs861539) [137, 219]. The BER pathway is largely responsible for
repair of oxidative damage and the NER pathway for repair of bulky DNA adductsypesh t
of damage produced by constituents of tobacco smoke [151]. With the exception of the
XRCC1Arg194Trp [170] the variants are thought to code for reduced DNA repair capacity,
particularlyXRCC1Arg280His [200], although functionality for some SNPs has not been
definitely established [170, 172-174, 220]. Cigarette smoke is clearly genatitkic

multiple studies showing smokers have increased rates of sister chroxchatige and
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micronuclei formation in lymphocytes, increased DNA strand breaks in lympispbytecal
cells and urothelial cells, and for heavy smokers, oxidative damage to DNA ircgksm
[136].

We undertook a systematic a systematic review and meta-analysis ofdpBiA
variation and smoking behavior in control groups, using ©Rstimate Z. The purpose in
estimating ORwas to estimate the degree of bias in the COR, relative to the interaction
estimate from a case-control analysis, assuming no control-seleconHBterogeneity was
explored using stratified analysis and meta-regression of study wrestacs. The primary
aim of this project is to evaluate the importance of the independence assumptiorefor thes
SNPs and smoking behavior and enable investigators considering a stand-aloneycase-onl|
study of gene-environment interaction to evaluate the independence assumatrange of
relevant conditions (e.g. cancer, cardiovascular disease, neurologicaed)seare
rigorously than has been done previously, potentially identifying situations i wase-only

estimates may be more or less valid.

2. Methods

Data Abstraction

PubMed, ISI Web of Science and the CDC Genomics and Disease Prevention
(GDPInfo: http://apps.nccd.cdc.gov/genomics/GDPQueryTool/frmQueryAdvéigame.
databases were searched up to March 6, 2007 for peer-reviewed literature ldaiyain
data on the joint distribution of any of the polymorphisms of interest [single nucleotide
polymorphismsXRCC1Arg399GlIn, Arg194Trp, and Arg280HIERCCZXPD) Lys751GIn
and Asp312Asn, andRCC3Thr241Met] and smoking behavior in non-case groups. Non-

case groups were defined as any group not selected as the index group basedestdissa
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(e.g. cohorts, convenience samples and control groups from case-control studies). For
simplification non-case groups will be referred to as controls throughout ikls.aifhere
were no language restrictions on searches. A list of keywords for PubMdukd&d Web of
Science was developed in consultation with an information specialist from UN® Hea
Science Library to ensure that searches would be as inclusive as possiblerdsepw
PubMed were included as MeSH terms and text words whenever possible. Keywords fo
smoking were “smoking”, “tobacco”, “tobacco smoke”, “tobacco smoke pollution”, and
“smoker”. The SNPs were searched by combining “polymorphism” and “polymatphis
genetic” with the SNP-specific keyword&RCCZ, “ XPD’, "xeroderma pigmentosum group
d protein”, ERCCZ2 and “XRCC3. ISI Web of Science keywords were “smok*” and
“tobacco,” and XRCCZ, “XPD’, “ERCC2 and “XRCC3. GDPInfo was searched using the
advanced query and limiting by factor menu terms: “smoking behavior”, “smoking ¢mbac
passive”, “smoking (tobacco) bidi”, “smoking (tobacco)”, “smoking (tobacco) malte
“tobacco”, “indoor air pollution”, “nicotine (nasal spray)”, and “nicotinasdermal)”, and
gene menu termsXRCCTZ, “XPD’", “ERCCZ and “XRCC3. No disease limits were used.
Inclusion criteria were deliberately broad. To be included, an article had srcont
original control group data on the joint distribution of any genotype of interest(btove)
and any aspect of tobacco smoking behavior. This was most often a table with counts of
participants cross-classifying the specific genotypes and smoking behawvextual data that
could be converted to an analogous table was also included. Reviews, animal stlidies, cel
culture studies, case reports, case-only studies, abstracts, lettersamal®diere excluded.

The articles were reviewed by the first author of this paper (EH).
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Abstracts were screened to determine whether the study included contogbaats

and relevant genotype and smoking data. SNP designations considered equivalent are shown

below (Table V.A.1).

Table V.A.1 SNP designations for data abstraction

Arg399GIn | Argl94Trp | Arg280His Lys751GIn Asp312Asn Thr241Met
G28152A | C26304T| G27466A A35931C G23591A C1806fT
exon 10 exon 6 exon 9 exon 23 exon 10 exon|7
rs25487 rs1799782 rs25489 rs13181 rs1799793 rs861539

R399Q R194W R280H K751Q D312N T241M

ERCC2 18880_A>C

ERCC26540_G>A

If an abstract was not excluded by the initial screening, the paper waget@ied

reviewed for data appropriate for construction of, at minimum, a 2x2 tablerfotype-

smoking association in controls. If an unadjusted OR for any genotype-smoloopmass

could be calculated, the following data were abstracted: SNP, genotype iest€gdevel

additive, dominant and/or recessive models), smoking status and dose categariesvi@ye

current/not current, smoker/non-smoker, ever/former/current, pack-yarsduration

and/or intensity], and cell counts for all genotype and smoking categoriesoGets and

smoking and genotype categories were abstracted onto preprinted forms tadede ey

errors. The following study characteristics were also abstragad.of publication, study

design (case-control, cohort, cross-sectional, convenience, other), source ofgroopdfor

case-control: population, hospital, friends and non-blood related family, convenience,

community, neighborhood, other; for cohorts: population, occupational, convenience, other),
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type of clinic that hospital- or clinic-based control groups were from (disiages, checkup
clinics), matching characteristics (none, frequency-match, individualnatatched on age,
gender, ethnicity or other), study outcome (cancer [type], non-cancesalisea-disease),
full study/control group size (N), size of SNPxSmoking subset (N), country, peraént m
participants, ethnicity (% white, % African American, % Asian Ameri€ardjan Chinese, %
other), Hardy Weinberg equilibrium p-value, minor allele frequency, healthsaal criteria
for study/control group (no exclusions, history of case cancer, history of any,Caaoceer-
free” only, other health conditions, “healthy” only, other), number of genes/SNB&dss
and number of smoking categories.

An estimate of central tendency for participants’ age in years (desilyfeaterage
age”) was derived for each study using, in order of preference: median ageageea
weighted average across study age categories, midpoint of age range. No ikivalua
characteristics were abstracted. One non-English languade eotitd not be evaluated.
Selection of Study Comparisons

Three of the included study populations had control data in more than one article;
however different SNPs were studied [221-226]. One study population had control data for
XRCC1399 and smoking stratified by ethnicity in one article [227] and not stratified by
ethnicity in another [200]. Preference was given to the larger N unlegsrasgudy
characteristic could be best examined using €f®mates stratified by ethnicity. No study
population contributed to any analysis more than once maintaining independence of
observations. Analyses focused on associations with genotype categorized usingaatdom
model (i.e. homozygotes of the most common allele were the referent group, corapared t

heterozygotes plus homozygotes of the minor allele) due to the small number oftstaidies
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provided sufficient information to assess recessive or additive models. Smokavipb&as
characterized by constructing five metrics from the available contral @&hoking status
was categorized as (1) ever/never (referent), and (2) current/not dpefentént). Smoking
dose was analyzed as (1) pack-years [PY, lowest non-zero categasnietempared to
highest], (2) duration [years, shortest non-zero category (referent) rtpdongest] and
(3) smoking intensity [cigarettes/day, lightest non-zero categomrém) compared to
heaviest]. Original study categorizations were used when possible. “0 PY ohgtmaadl

“0 years of smoking” were considered equivalent to never smoking. The categos&se€pa
smoking only” and “never active or passive smoking” were combined into “never” for our
analyses. Studies that did not provide sufficient data to include ‘passive only’ gnmokive
never smoking group were excluded. For analyses of current/not current smoking,
never+former smokers and “non-smokers” (if identified as not current smokees) we
considered not current smokers. Pack-years of smoking (pack-years = numbé&sof pac
smoked per day multiplied by years smoked; 20 cigarettes=1pack) wereeghadyrelative
categories [lightest smokers vs. heaviest smokers regardless of PYh@sjtaod absolute
categories [< specified range of PY cutpoints vs. >= the same range ofgdthtajtranges
varied by SNP]. The ranges were chosen to maximize the number of included shildies w
keeping the range small enough that no study would have >1 cutpoint in a specified range.
Similar to PY, smoking intensity was categorized by relative (lightesheaviest smokers
regardless of cigarette/day cutpoints) and absolute (<20 vs. >= 20 cigdstjeneasures.
Smoking duration cutpoint range was 20-40 years, inclusive, for all SNPs.

Statistical analyses
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For all SNP-smoking analyses, crude ORs and 95% confidence limits weratealc
from cell counts (Stata 9.2, using metan STB-44: sbe24). Funnel plot asymmetry, an
indicator of possible publication bias [190], was considered suggestive of studstehstias
associated with variance and Z. When data were sufficieptitd=5), asymmetry was
formally assessed using Begg and Mazumdar’s test [191] and Eggeflotsata=0.10.
Cochran’s Q two-sided homogeneity p-values(d 10 due to low power of the test) were
used to assess overall heterogeneity in odds ratios [189]. Where appropriaterysoduna
ratios were estimated using Mantel Haenszel methods with fixedseffect

Study characteristic analyse¥ey study characteristics hypothesized to influence
variation in the strength of SNP-smoking associations among controls aaties svere
assessed using stratified meta-analysis and random-effectsagegasion, with the among-
study variance estimated by restricted maximum likelihood [228]. if&tdatneta-analysis
produces a summary QRstimate for each stratum of a study characteristic. Meta-sagnes
provides a formal comparison of the stratified estimates in the form of aratstinatio of
odds ratios.

Study characteristics were selectgegriori. They included (1) study design (case-
control, cohort, or convenience; patient-based control groups, healthy control g(@ups),
continent, (3) ethnicity, (4) Hardy-Weinberg equilibrium p-value, (5) avergge(é) gender
(% male), (7) study outcome (lung cancer, other cancer, non-cancer diseasecasa)d8)
minor allele frequency and (9) smoking prevalence. Study design was eddariall SNP-
smoking combinations; additional study characteristics were examingR€1399,XPD
751 andXRCC3241. Stratified random-effects meta-analyses were used when the overall

SNP-smoking association had a Cochran’s Q p-vad@el0, otherwise fixed effects meta-
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analysis was used, regardless of the homogeneity p-values of individual stratlude the
possibility of results being confounded by ethnicity (population stratificatioayerall
analyses and when examining the study characteristics likely to varglgtbynethnicity
(Hardy Weinberg equilibrium p-values and minor allele frequency) studies stratified by
ethnicity and treated as separate studies if possible. Stata 9.2 was udezhfdyses.
Results for study characteristics were assessed for consisteosy aqoking categories and

across SNPs.

3. Results

Eligible studies The literature searches identified 228 articles for evaluation. Of
these, 55 articles were eligible for inclusion. The primary reason farstaclwas that an
article did not present the genotype-smoking distribution in controls (N=98, 57% of
exclusions). Exclusion reasons for the remainder included: review artahestact only
(13%), did not assess any relevant SNPs (9%), and did not have any non-cases (10¢6). Fina
of the 55 studies eligible for inclusion, five were not included in final summérgaes
because no data were presented for dominant genetic model [46, 229], no measute of adul
smoking behavior [230], former smokers excluded [231], or never smokers were included in
lowest PY category [232]. No studies presented all five measures of iriter&moking
behavior. Fifty articles representing 46 distinct study populations werglgatin the final
meta-analyses (brief study descriptions in Table V.A.1a). Table V.A.1b présergtudies
that were included in the systematic review but not in any meta-analyseaumber of
individual controls included in each summary estimate ranged from 1IXPRE9Q1399
ever/never smoking) to 30XPD 312 current/not current smoking). Generally, compared to

the total N of observations in ever-never analyses, there were ~40% fesgevaiions in
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current/not current analyses, and ~20% as many in PY analyses. The number of study
populations included for each polymorphism was as foll6MRCC1Arg399GIn (N=32),
XRCC1Arg194Trp (N=16) XRCC1Arg280His (N=8) XPD Lys751GIn (N=16)XPD
Asp312Asn (N=9), ankRCC3Arg241GIn (N=13). Thirty-seven studies presented the
control distribution of genotype and ever/never smoking, 16 for current/ not current smoking
and 14 for PY. Far fewer presented duration (N=4) and/or intensity (N=4). Qatselc
studies predominated with 12 population-based [200, 222-223, 226-227, 233-239] and 23
hospital-based [221, 224-225, 240-259], four nested [260-263] and two other case-control
studies. Most control groups were from cancer case-control studies (N=39),ofltewa
case-control study of rheumatoid arthritis. Nine cohort or convenience sampés studi
examined non-cancer outcomes, predominantly measures of DNA damage (8 of 9), one
measured genotype frequency.

Association between DNA repair gene variants and smoking behadoross SNPs
there was more variation in ORs assessing control-only G-E associatios$ {@Rneasures
of smoking amount (PY, duration, intensity) than for measures of smoking statuadeeer
current-not current) (Table V.A.2). Ten of 11 summary estimates of smdking ell
between 0.9-1.1. Summary estimates for smoking amounts were distributed oaoltg, br
with only five of 10 summary estimates between 0.9-1.1; the most extreme rsasstge
found for duration and intensity. Although only two of 18 genotype-smoking groups were too
heterogeneous for a fixed effects summary estimate, nearly all graliptudg estimates
above and below the null, generally varying 2-3 fold.

For XRCC1399, three measures of smoking behavior were homogeneous enough for a

summary estimate of the association between variant allele and smakiegit smoker/not
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current (N=11), PY (N=9) and intensity (N=4). Higher PY and heavier smokinggitytebut
not current vs. not current smoking, were associatedX®R@GC1Arg399GIn (any GIn) [OR
(95%Cl): 1.2 (1.0, 1.5) and 1.5(1.2, 1.9), respectively]. Odds ratio€RQC1399 and ever-
never smoking ranged from 0.7 (95% CI: 0.3, 1.7) [250] to 1.9 (95% CI: 1.0, 3.7) [238]
(Table VIII.B.1). After two studies were stratified by ethnicity arehted as separate studies,
13 studies had a genotype-smoking OR >1 and 10 had an OR<L1. For the other two SNPs in
XRCC1(194 and 280), having the variant allele was associated with longer smoking duration
[XRCC1194: 0.7 (0.5, 0.9XRCC1280: 1.2 (0.6, 2.3)] and current smokingjJCC1280:
1.2 (0.6, 2.3)] though confidence intervals were wide. For theX®®SNPs (751, 312)
there was considerable variation in the association bet{Bxv51 variant allele and higher
PY. Study estimates ranged from 1.4 (0.8, 2.6) [221] to 0.5 (0.3, 1.0) [254] (Table VIII.B.4).
Higher PY were associated with the variant alleleXd@CC3241 although the number of
studies was small (N=4).

Sensitivity analysesAmong the studies that were assessed for current-not current
smoking, a subset could also be assessed for never, former or current smokmy (Az)!
No consistent pattern emerged for comparisons of never smoking with former ot curre
smoking. Absolute measures of PY, intensity and duration were calculated andezmbtopar
relative measures for consistency. Genotype-PY estimates for &salpoints (i.e. all PY
categories below specified cutpoint range vs. all categories above that uigoent
comparable to estimates using relative categories (lowest non-zegorgats. highest)
although strata were sparse (Table V.A.3). Additionally, when studies witlsmakers
were dropped and never smoking was used as the reference category, resdssedially

the same for relative and absolute measures of PY. Genotype-smaon@misn between
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XRCC1Arg399GIn and smoking intensity (cigarettes/day) could be estimated in fowesstudi
There was an association betwedRCC1399 any GIn and greater smoking intensity

[1.5(1.2, 1.9)]. As with PY, this association was consistent across both methods of smoking
intensity categorization (lowest study-defined category vs. highebt-defined category,

and <20 cigarettes/day vs. >20 cigarettes/day). Estimates for the two exsfudies that had
referent groups roughly comparable to ever/never smoking and PY [231-23Ziméae to

those for included studies (Table V.A.1b).

Ever-never analyses included studies that did not present ever-never smokicig, as s
but had smoking amount data, usually PY, that was used to derive ever-never smoking. To see
whether these studies differed from studies presenting only ever-neviene&tecluded
studies that did not also present smoking amount information. There was no differérece
distribution of study estimates or summary estimaX@yjC1399: range of ORs 0.8 — 1.9,
Cochran’s Q p-value 0.0XPD 751 summary estimate: 1.0 (0.8, 1.1)].

Funnel plot asymmetryThere was no evidence of funnel plot asymmetry for overall
genotype-smoking associations (data not shown). In formal testing, the mafqritsalues
(75%) were >=0.3. The lowest p-value was p=0.1XRECC1280 ever/never for both Begg
and Egger tests.

Study characteristicsFor study characteristics, stratified associations and univariate
meta-regression were evaluated across SNPs and smoking categoriegatidssagere
evaluated primarily on the basis of consistency and direction. Study designanasesk for
all six SNPs for ever/never, current/not current smoking and PY. For smokungj sta
genotype-smoking associations KiRCC1399 and 194 andPD 751 and 312 were generally

stronger for population-based case-control studies than for hospital-based oljzesteeht
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control groups, although the magnitude of the differences was small; the rangR®iRE

0.7 to 0.9 for hospital/patient-based compared to population-based controls (réTereleat)
V.A.4). However, for smoking dose as measured by PY (2 evaluable SIREE;1399 and

XPD 751) the hospital-based/patient-based control groups showed stronger genotypersmoki
associations than population-based control groups (range of RORs: 1.2-1.5). When
examining PY, for all SNPs, the genotype-smoking association for population-loasex c
groups was below the null. The remaining study characteristics werenexaamly for
XRCC1399,XPD 751 andXRCC3241 (Tables 5, 6, and 7 respectively) due to sparse data for
the other SNPs.

For PY lung cancer studies were above the null for all three SNPs. Further, whe
compared to studies of other cancers the genotype-smoking association was &irdnge
cancer studies (referent) compared to other cancer studies [ROR= 0.8(0.5, 1.2) and 0.5(0.3,
0.9) for XRCC1399 andXPD 751, respectively]. All studies with PY were cancer studies.
Older average age of study participants (>63y vs. <=59y and >median age) lndakl
consistently showed stronger associations between ever smoking and vatafdraRCC1
399,XPD 751 andXRCC3241 than did younger age. PORCC1399 only, this was evident
across all three smoking categories. Also XBCC1399 current-not current smokers and PY
only, studies with lower minor allele frequencies (N=3) showed strongeciations (~2.0)
than those with higher MAF. These three studies had only African-American or Asia
participants. No strong and/or consistent patterns emerged for the otheclsdualsteristics
examined: continent (North America, Europe, and Asia), ethnicity (Whitezakfthmerican,

Han, multi-ethnic), HWE p-value (<0.1, >=0.1), gender (% male; all male, mixettgeall
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female), minor allele frequency (tertiles for each SNP), and smoking eneegbroportion

(<=0.507, >0.507).

4. Discussion

This systematic review of DNA repair genotypes and smoking behavior irocdata
from 46 study populations was conducted with the goal of informing the practiceesboly
analyses of gene-environment interaction. Results from this systemaéo rand meta-
analysis show considerable variation in estimates of XREZC1399 ever-never smoking
andXPD 751 PY (Cochran Q p-values <0.1, ~3 fold range in ORs, ORs on both sides of the
null). Even when studies were homogeneous enough for a summary estimate, poategsti
of OR, varied as much as 5-fold. Summary estimates for individual SNPs varied across
smoking categorizations, with larger magnitudes of association gerferatly for measures
of smoking dose (PY, intensity, duration) than for smoking status (ever-never, awtent-
current). There was a weak association betwd@C1399 and higher smoking dose (PY,
intensity). No study characteristics examined strongly predicted theitondg of association
although study outcome (lung cancer vs. other cancer for PY), study design (poghdatdn
vs. hospital/patient-based), and age warrant further investigation.

A key assumption of the case-only study design for interaction is that the/genot
and environmental exposure are independent in the underlying population [3]. Descriptively,
any deviation from the Z=1 (estimated by pRtroduces bias in the case-only interaction
estimate [5]. Further, whensZ1 in population subgroups, the COR for those subgroups will
be biased as well. The bias introduced into the COR is in addition to other sources of bias,

such as selection bias, information bias etc.
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Although the validity of case-only estimates rests heavily on the independenc
assumption, literature on independence assumption verification is scant. Ddicm
have demonstrated that even small violations of the independence assumption can strong|
bias the case-only interaction parameter [5]. Using data from a stXdRC€ 1genotype and
lung cancer by Ratnasinghe et. al., Albert et. al. showed that a control grouptagsoci
between genotype and pack-years of tobacco use gfZ¥Rcreated bias in the case-only
odds ratio (COR) of 105% [COR=0.9(0.4, 1.9), synergy index from case-control analysis of
the same data (SIM)= 0.4(0.2, 1.2)] [5, 126]. Even ap@R.2 biased the COR by nearly
30%. Another notable paper to focus on independence assumption evaluation using data
simulation is by Gatto et. al. who elucidate conditions under which a control group is an
appropriate proxy for the underlying study population when validating the independence
assumption [127].

However, little empirical work has been done on the magnitude of control-only
associations (O between DNA repair gene variations and smoking that quantitatively
assesses this additional bias. A population-based study (N=339) of Japanessseskssd
association between ‘habitual smoking’ (ever/never) and a panel of 153 SNPs nuiiaiea
genes, including the DNA repair ger@&G1andNUDT1LMTH1) [64]. Association was
found between smoking and 3 of 4 of the SNRS®G1(0.4-0.6, borderline statistical
significance, variant carrier vs. variant non-carrier) but no statigteignificant associations
were found foNUDT1

Smoking dose (PY and/or intensity) could be causally associated with varmation i
XRCC1399, or with a polymorphism in linkage disequilibrium wtRCC1399. There is

evidence that th¥RCC1399 andXPD 751 variants are functional [174, 264-265]. Different
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aspects of smoking behavior (smoking initiation, smoking cessation, intensitypetcale

through multiple overlapping pathways [266] therefore would not be expected to be
identically affected by DNA repair variation, which is borne out by the dif@eresults for
smoking status and smoking dose for several SXRE€(C1399,XRCC1280,XPD 751,
XRCC3241). Although speculative, there is some evidence that variation in DNA repair
activity may affect neurological and/or respiratory outcomes, which couldnratfect

smoking behavior [153-155, 157, 163]. If the variants are functional, or linked to functional
variants, heterogeneity could be due to gene-environment interaction in specific populations
or to differing linkage disequilibrium patterns across populations.

There are also several possible non-causal explanations for these filthogghA
publication bias is always a concern with meta-analyses, the studyoftiascontributing
studies, visual inspection of funnel plots and formal tests of asymmetry argud #gains
There could be similar selection bias in individual control groups, or strong selb@s in a
subsample for studies leading to spurious resultXRELC1399 dose estimates. This is
possible, since just over half of the studies with dose informatioRRQC1399 were lung
cancer studies (8 of 14) and lung cancer studies had on average high¢h&FRother cancer
studies forXRCC1399,XPD 751 andXRCC3241 PY analyses. Control groups from non-
lung cancer studies, compared to lung cancer controls (referent), showed ROR) (@508
(0.5, 1.2) and 0.5 (0.3, 0.9) fXIRCC1399 andXPD 751, respectively. FOfRCC3241 the
OR; (95%CI) were 0.8(0.5, 1.1) and 1.1(0.4, 2.7) for non-lung cancer controls and lung
cancer controls, respectively. The connection between smoking and lung careler is w
known, possibly leading to more variation in response rates or recall by smokarg his

and/or family history of cancer, but the direction of possible bias is unpredictabl©R
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for the oneXRCC1399 study that explicitly excluded participants with smoking-related
diseases was essentially the same as the summary estimate [242jviéf smokers with
diseases/family histories related to DNA repair were overrepresgnt@spital/patient-based
controls and/or under represented in population-based control groupso0R likely be
biased upward for hospital-based studies and downward for population-based studies. This
could conceivably cause estimates of, @R hospital-based studies to be higher than foR
population-based studies when the reverse is true in the underlying populations. In our
analysis, for smoking status measures, averags @Rded to be above the null for
population-based studies and below the null for hospital-based controls. For PY, tbe rever
was true, with hospital-based controls having averags @®und 1.3 and population-based
controls slightly below the null. (Table V.A.4). Population stratification ¢dave
contributed to the heterogeneityXiRCC1399 ever-never andPD 751 PY estimates since
the variant alleles are found at different frequencies in different egnoigs within the same
study, and smoking behavior may also differ by ethnicity. Although this cannotdoeusdy
addressed without individual level data, there were no clear patterns fioiGRy SNP for
study-level ethnicity, either by stated ethnicity, when stratifiedibgle-ethnicity vs. multi-
ethnicity studies, or when MAF was used as a crude proxy to assign ethnicttydies svith
unknown ethnic makeup. Finally, chance could play a role, particularly giverrdgiee la
number of associations examined and sparse data for many analyses.
Implications for stand-alone case-only studies

Z is a measure of the magnitude of bias in the COR. If Z=1, the case-onlgtestim
interaction is not biased by genotype-environment association in the und@dyuaigtion

[3]. Commonly, this assumption is assessed in control data from a small numberds# outsi
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studies, using significance testing. Significance testing alone is naisuoffior assessment
of potential bias [7]. Rarely is Z estimated and/or adjusted for, analagotiser forms of
bias such as confounding. Results from this project illustrate some of the pitthilis of
approach. For instance, fRRCC1399 ever-never smoking, 18 of the 21 included studies
have estimates that are not statistically significantly diffeteam the null; considering any or
all of these in a testing framework would lead to the conclusion that the independence
assumption was valid and a case-only study would give an unbiased estimate oicatutapl
interaction. However, the range of SRor these 18 studies is 0.7-1.6, many with wide CIs,
indicating the potential for substantial bias. Similarly, although the sum@Rs/for PY are
close to the null, the upper limits of the Cls were approximately 1.5 for SNEGEC 1land
XPD and the lowest CI limit was 0.6; the range of potential bias is larger than obwaous fr
examining only the magnitude of @QR5iven that less than half of the studies that collect
control genotype and smoking information present it in publications, and that vergmtiffer
conclusions can be drawn from different subsets of studies, this common approach seems
inappropriate.

In the estimation framework, results from this project demonstrate theuttiffof
using ancillary data to assess the independence assumption. Even when the Cochran’s Q p-
value is high, such as fafRCC1399 current-not current smoking (p=0.4), point estimates of
OR; can vary as much as 5-fold [2.1(1.1, 3.9) for African Americans [227] to 0.4(0.1, 1.2)
[267]]. Without further information that certain study characteristichtrbg influential,
there is no good way to decide which of the available ancillary control groupsbeght
represent the underlying (unmeasured) population for a proposed case-only stilngy, Fur

is necessary to do a broad literature search to even to be aware of the possibtd @iRies
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and range of bias in the COR. Additionally, since both summary estimates andualdi
study estimates vary across smoking categories, it is important thatl&pendence
assumption be evaluated for all smoking categories that will be used in the gaseabydes.
For investigations of dose, it will be difficult for many SNPs to locate enouglspedl
control group data to even assess the possible range of the magnitude of bias.

This study has several strengths. Using a broad comprehensive se&egly stra
collaboration with information specialists increased power to detect andigatest
heterogeneity between studies. Sample size was large for smokingasitses and
relatively large foiXRCC1399 andXPD 751 PY analyses. There was sufficient data for
many studies to compare @fr smoking status and smoking dose both within studies, and
by smoking category across multiple SNPs. The fact that none of the studiesasted
with the goal of assessing control group associations is both a strength and esaedithis
systematic review. Of the studies that collected the appropriate infonnoaiy about 1/3
presented it in such a way that it could be abstracted for this meta-anatysisy lsample
size, especially for measures of smoking dose. However, publication bias wete@xpde
minimal since gene-environment interaction studies are typically not ¢adloa the basis of
control group associations. This was as supported by the formal tests of funnel plot
asymmetry.

Only unadjusted odds ratios could be calculated so study estimates may be
confounded. No individual level data was collected. This could be problematic for age and
ethnicity in particular. Although some study characteristics could be deteraccarately
from articles, others were more likely to be misclassified. In paaticalrerage age of study

participants was difficult to determine. However, the fact that age wasceotral study
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feature for any of the studies makes it likely that misclassificasi non-differential with
respect to smoking and genotype. Several potentially informative studgtemnestecs could
not be examined because too few articles presented information that could belassegse
the same metric. In particular, response rates, which may vary by srbekiagor and
family/personal history of cancer [117-120], and control group exclusion criteeia
presented using very different levels and types of detail from study ta S2atlytwo of the
12 articles with multi-ethnic study populations presented data stratifiedhigigt,
complicating interpretation of HWE p-value, ethnicity and MAF as study cteaistics. Few
studies presented enough control group information to examine multiple measuneiofs
in the same study population, with the exception of studies that presented PY, since smoking
status (ever-never) could nearly always be derived. Results did not changeadbprehen
studies without dose were excluded from ever-never analyses, indicatingitted &hat
presented dose were not driving estimates of smoking status.

This systematic review of control-group associations between smokinglacigde
polymorphic genes commonly used in interaction studies was conducted to accomplish
several objectives. The overarching goal was to enable investigators to makeffextive
use of ancillary data to evaluate the independence assumption prior to launchingsdostand
case-only study. Results from this study suggest that the independence assismpti
frequently violated and caution is warranted before proceeding with any cgsaterdction
analysis. At a minimum, the independence assumption should be more rigorously evaluated
than is often done. For a case-only analysis of a case-control study, s@basatbould be
calculated for each anticipated COR in the relevant subgroup before proceedihmtiGva

of the independence assumption for a proposed stand-alone case-only study should include,
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whenever possible, results from studies similar to the current study, rdiexatare
reviews, and a thorough search for individual studies with control or cohort datartaiasce
at least the range of Q& both overall and in relevant subgroups.

Evaluation of the independence assumption for case-only interaction studies would be
greatly improved with more transparency and finer detail and in publishedsarticle
accomplished perhaps by expanding supplementary online tables to include seletted joi
genotype-smoking distributions in non-case groups. With the current emphasis on pooling
controls, our results indicate that investigators should remain cautious about prgeaddi
case-only studies without further examination of the independence assumption in ihdividua
studies. If it could reliably be shown that Z=1 across individual studies, more udéeoul
made of data pooling from control groups and cohorts for selected SNPs and exposures,

especially where individual level data on potential confounders can be provided.
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5. Tables and Figures

TableV.A.la. Characteristicsof 50 studiesincluded in summary estimates (46 study populations) *

Author & year
Study name

Agein controls Control

(abbreviation) L ocation Design [metric] ascertainment Study outcome Analyses?
Butkiewicz 2001 Poland Case- 56.3 (8.8)y Controls partially selected Lung cancer  XPD Asp312Asn
(Upper Silesia) control, [Mean(SD)] from healthy males from Ever/never, PY
hospital- 39-79y groups previously recruited
based [Range] for occupational studies. Rest

Cao 2006

David-Beabes
2001

Southern China

us
(Los Angeles)

Case-control

Case-
control,
population-
based

of controls are 52 members of

4 families in Utah (CEPH
reference families).
Matching: Frequency-

matched to case group on age,

smoking habit and
occupational exposure.

45.7y (15.6y) Controls were "cancer-free"
[Mean (SD)] participants from a
community cancer screening
program.
Matching Matched to cases
on age & ethnicity.

Controls selected from
Drivers License lists (<65y)
or Medicare lists (>=65y).
Matching Frequency-
matched to cases on age,
gender & ethnicity.

62.9y (7.9y)
[Mean (SD)]

Nasopharyngeal XRCC1Arg399GiIn
cancer Current sm/ not
XRCC1Argl194Trp
Current sm/ not

Lung cancer XRCC1Arg399Gin
Ever/never, Intensity
XRCC1Argl94Trp

Ever/never, Intensity
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year

Study name Agein controls Control
(abbreviation) L ocation Design [metric] ascertainment Study outcome Analyses?
Duell 2001 us Case- 51.6y Controls were women Breast cancer XRCC1
(North Carolina) control, [Mean] selected from Drivers License Arg399Gin

Carolina Breast population- (<65y) or Medicare (>=65y) Ever/never,
Cancer Study based lists. African American & Current sm/ not
(CBCS) younger (<50y) cases
(Same study oversampled.
population as Matching Frequency
Pachkowski matched to cases on age &
2006)° ethnicity.
Duell 2002 & us Case- 24-54y (24%) Controls were identified by Pancreatic cancer XRCC1
Duell 2002 (Northern control, 55-66Yy (26%) random digit dialing & Arg399GIn*
(parent study) California) population- 67-73y (26%) Medicare lists (>=65y) & Duration

based 74-85y (23%) *  resided in any of 6 San

[Frequency Francisco Bay area counties .
distribution] Matching: Frequency-
matched to case group on age
& gender.
Garcia-Closas Spain Case- 66 (10)y Controls were from Bladder cancer XPD Asp312Asn
2006 control, [Mean(SD)] participating hospitals with Ever-never
hospital- 21-80y diagnoses unrelated to
based [Range] exposure(s) of interest

(includes smoking).
Matching: Individually
matched to cases on age,
gender, ethnicity and region.
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author &

year
Study name Agein controls Control
(abbreviation) L ocation Design [metric] ascer tainment Study outcome Analyses [
Han 2003 usS Case- 578y Controls were a random Breast cancer XRCC1Arg194Trp
control, [Mean] selection from the subcohort Ever-never
(Nurse's nested of the Nurses Health Study Duration
Health Study) that gave blood in 1989-90.
No diagnosed cancer other
than NMSC.
Matching: Individually
matched to cases on year of
birth, menopausal status, HRT
at blood collection, month of
blood return, time of day of
blood collection, fasting status
at blood draw.
Harms 2004 us Case- 57.2 (9.3) Controls were current smokers  Lung cancer, XRCC1Arg399GIn
(Texas) control, [Mean (SD)] who were non-case patients at Subset of controls: PY
hospital- the University of Texas DNA damage XPD Lys751GIn
based Medical Branch in Galveston (chromosomal  PY
plus population from aberrations) XRCC3Thr241Met
surrounding area. Meta- PY
analysis included only non-
Hispanic whites.
Matching: Frequency-matched
to case group on age, ethnicity
and gender.
Hoffmann Germany Convenience 27.0 (5.7) Healthy male smokers & DNA damage XRCC1Arg399GIn
2005 sample [smokers] nonsmokers (1:1) (comet assay)  Current sm/ not
26.3y (3.9y) XPD Lys751GIn
[nonsmokers] Current sm/ not

[Mean (SD)]

XRCC3Thr241Met
Current sm/not
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Table 1a. Studiesincluded in meta-analyses (continued)

Author &
year Agein
Study name controls Controal
(abbreviation) L ocation Design [metric] ascer tainment Study outcome Analyses [
Hou 2002 Sweden Case- 68y Healthy controls were recruited Lung cancer  XPD Lys751GIn
(Stockholm) control, [Median] from Stockholm residence files Ever/never
(Same study hospital- 65y (14.5y) every 6 months. XPD Asp312Asn
population as based [Mean (SD)] Matching: Frequency-matched to Ever/never
Ryk2006b) 30-89y case group on age, gender,
[Range] catchment area & smoking status
(never/former/current). Never-
smoking cases were over-sampled
(50% of case group).
Huang 2005a Poland Case- <50y (12%) Controls randomly chosen from Gastric cancer XRCC1Arg399GIn
(Warsaw) control, 50-59y (17%) Warsaw population registry. Ever/never
population-  60-69y (39%) Matching: Frequency-matched to PY
based >=70y (32%) case group on age & gender XPD Lys751GIn
[Frequency Ever/never
distribution] PY
XRCC3Thr241Met
Ever/never
PY
Hung 2005 Eastern Europe Case- <=40y (3%) Controls were patients in same Lung cancer XRCC1Arg399GIn
control, 41-50y (15%) hospitals as cases (15 centers in 6 Ever/never
hospital- 51-60y (31%) Eastern European countries) except PY
based 61-70y (36%) controls from Warsaw who were XRCC1Arg194Trp
>70y (16%) randomly sampled from the Ever/never
[Frequency  population register. Patients with PY
distribution]  tobacco-related diseases were XRCC1Arg280His
excluded from control Ever/never
groupMatching: Frequency- PY

matched to case group on age,
gender, center & referral area.



66

TableV.A.la. Studiesincluded in meta-analyses (continued)

Author &
year
Study name Agein controls Control Study
(abbreviation) L ocation Design [metric] ascertainment outcome Analyses [
Ito 2004 Japan Case-control,  62.6y (9.1y) Controls were random sample of Lung cancer XRCC1Arg399GiIn
hospital-based [Mean (SD)] cancer-free visitors to Aichi Cancer Ever/neve
35-79y Center Hospital who provided blood. Current sm/not
[Range] Matching: Frequency-matched to PY
case group on age & gender.
Jiao 2007 us Case-control, <50y (15%) Controls were friends & non- Pancreatic  XPD Lys751GIn
(Texas) hospital-based  50-59y (27%) genetically related family of non- cancer Ever/never
(friends & 60-69y (34%) pancreatic cancer patients. XPD Asp312Asn
family) >=70y (23%) Matching Frequency-matched to Ever/never
[Frequency  case group on age, gender &
distribution] ethnicity
Jin 2005 China Case-control, 62.2 (10.3)y  Controls were randomly chosen from Colorectal ~XRCC3Thr241Met
(Zhejiang) nested [Mean (SD)]  colorectal cancer screening trial with cancer Current sm/not
40-49y (14%) individually matched communities.
50-59y ( 32%) No previously diagnosed
60-69 y (28%) malignancy.
70+y (26%) Matching Frequency matched to
[Frequency case group on age, gender and
distribution] habitation.
Justenhoven Germany Case-control, <50y (23%) Controls were population-based from Breast cancer XPD Asp312Asn
2004 (Bonn) population-based >=50y (77%) Interdisciplinary Study Group on Ever/never
[Frequency Gene Environment Interactions and
(GENICA) distribution] Breast Cancer in Germany

(GENICA).
Matching: Individually matched to
cases on age
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author &
year Agein
Study name controls Control Study
(abbreviation) L ocation Design [metric] ascer tainment outcome Analyses []
Kelsey 2004 us Case- 62 (10) Controls randomly selected from driver's Bladder cancer XRCC1Arg399GiIn
(New control, [Mean (SD)] license (<65 y) or Medicare (>=65y) Ever/never
Hampshire)  population- records. Some controls were shared with
based non-melanoma skin cancer study.
Matching: Frequency-matched to cases
on age & gender
Kocabas 2006 Turkey Convenience 26-78y Healthy volunteers Genotype XRCC1Arg399GIn
sample [Range] Current sm/not
Koyama 2005 Japan Case-control 23.6y (4.7yXontrols were healthy individuals with no Rheumatoid XRCC1Arg399Gin
[Mean (SD)] autoimmune disease arthritis Current sm/not
Matching Matched on ethnicity XRCC1Arg194Trp
Current sm/ not
XRCC1Arg280His
Current sm/ not
Lei 2002 Taiwar? Cohort, 32.4y Controls were a subcohort of male resin DNA XRCC1Arg399GIn
occupational (5.2y)[Mean synthesis plant workers unexposedto ~ damage(Sister Current sm/not
(SD)] epichlorohydrin >1 ppm. chromatid Intensity
exchange)
Lunn 1999 us Convenience not given Controls were participants in DNA damage XRCC1Arg399GIn
(North community-based study of African (Glycophorin A Current sm/not
Carolina) Americans and whites who were somatic XRCC1Arg194Trp
heterozygous for the glycophorin A mutations) Current sm/ not
antigen. Additional white & African XRCC1Arg280His

Americans from the same community
sample were added for genotype
frequency estimation only.

Current sm/ not
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year Agein
Study name controls Contral
(abbreviation) L ocation Design [metric] ascer tainment Study outcome Analyses [J
Matullo 2001 Italy Cohort, 49.8y [Mean] Controls were a random selection of EPIC DNA damage XRCC1Arg399GIn
prospective <=44y (33%) participants from Northern Italy (Varese (DNA adducts) Ever/never
[European 45-54y (33%) and Turin), Central Italy (Florence) and Current sm/not
Prospective >54y (34%) Southern Italy (Ragusa and Naples). XPDLys751GIn
Investigation into [Frequency Recruitment criteria varied by site and Ever/never
Cancer & Nutrition in distribution]  included blood donors, women being Current sm/not
Italy (EPIC-Italy)] screened for breast cancer, population-based XRCC3Thr241Met
Palli 2000 recruitment etc. Ever/never
(parent study) Current sm/not
Matullo 2005 Italy Case- 34-76y Controls were a random selection of male Bladder cancer XRCC1Arg399GIn
(Turin) control, [Range] patients at 2 urology clinics (benign Ever/never
hospital- diseases only) and at medical and surgical Current sm/not
based clinics. Patients with cancer, liver or renal XPD Lys751GIn

diseases or smoking-related conditions were
excluded.
Matching: none

Ever/never
Current sm/not
XRCC1Arg194Trp
Ever/never:
Current sm/not
XPD Asp312Asn
Ever/never
Current sm/not
XRCC3Thr241Met
Ever/never
Current sm/not
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Author &
year Agein
Study name controls Controal Study
(abbreviation) L ocation Design [metric] ascer tainment outcome Analyses [
Metsola 2005 Finland Case- 53.5y[Mean] Controls resided in same area as cases thaBreast cancer XRCC1Arg399GIn
control, 37-77y attended Kuopio University Hospital and Ever/never
hospital- [Range] were PY
based randomly selected from the Finnish XPDLys751GIn
National Population Register. Ever/never
Matching: none PY
XRCC1Arg280His
Ever/never
PY
Misra 2003 Finalnd Case- 59y Controls were from a case-control study Lung cancer XRCC1Arg399GIn
control, [Median] nested in the ATBC Trial cohort. All were Intensity
[Alpha- nested 55-63y male smokers from southwestern Finland.
tocopherol [Range] Intervention group received alpha-
Beta-carotene tocopherol &/or beta-carotene supplements.
Cancer Sampling from cohort based on incidence
Prevention density sampling & availability of blood
Study (ATBC samplesMatching Individually-matched on
Finland)] age, intervention group, study clinic & date
of blood draw.
Olshan 2002 us Case- 20-49y (27%) Controls were surgical patients attending Head & neck XRCC1Arg399GIn
(North control, 50-59y (22%) the same clinic as cases. Controls with cancer Ever/never
Olshan 2000 Carolina) hospital- 60-69y (33%) aspirin triad were excluded. Meta-analysis XRCC1Arg194Trp
(parent study) based >=70y (17%) included only white controls. Ever/never

[Frequency Matching: Frequency-matched to case
distribution]  group on age & gender.
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author &

year Agein
Study name controls Controal
(abbreviation) L ocation Design [metric] ascer tainment Study outcome Analyses [J
Pachkowski us Case-control, <=45y (30%) Controls were women selected Breast cancer XRCC1Arg399GIn
2006" (North Carolina)  population- >45y (70%)  from Drivers License (<65y) or Ever/never
Carolina based [Frequency  Medicare (>=65y) lists. African Current sm/not
Breast Cancer distribution] ~ American & younger (<50y) cases Intensity
Study (CBCS) oversampled. Duration
Matching Frequency matched to XRCC1Arg194Trp
cases on age & ethnicity. Ever/never
Current sm/not
Duration
Intensity
XRCC1Arg280His
Ever/never
Current sm/not
Duration
Intensity

Park 2002 Korea Case-control, 60.7y (8.9y)
hospital-based [Mean (SD)]
38-86y
[Range]
Patel 2005 us Case-control, (Combined
nested cases &
[Cancer controls)
Prevention 62y
Study Il (CPS- [Median]
I1) Nutrition 43-75y
cohort ] [Range]

Controls were randomly selected
from healthy male volunteers at a
hospital check-up clinic.
Matching Frequency matched to
case group on age.

Lung cancer

Controls were women from the Breast cancer
CPS-II Nutrition Cohort, a

subgroup of the CPS-II baseline

mortality cohort. Controls were

randomly selected cancer-free

participants meeting case-matching

criteria.

Matching: Individually-matched to

cases on age, ethnicity & date of

blood collection.

XRCC1Arg399Gin
PY

XRCC1Arg399GIn
Ever/never
XRCC1Arg194Trp
Ever/never
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year Agein
Study name controls Contral
(abbreviation) L ocation Design [metric] ascer tainment Study outcome Analyses [J
Ramachandran India Case- not given Controls were visitors & family to Heaalda Head & neck XRCC1Arg399Gin
2006 control, Neck Clinic of the Thiruvananthapuram cancer Ever/never
hospital- Regional cancer center.
based Matching: Frequency-matched to cases on
(friends & age, gender & "habits"
family)
Ryk 2006 Sweden(S Case- 68y Healthy controls were recruited from Lung cancer XRCC1Arg399GIn
tockholm) control, [Median] Stockholm residence files every 6 months. Ever/never
(Same study population- 30-89y Matching: Frequency-matched to case group
population as based [Range] on age, gender, catchment area & smoking
Hou 2002) status (never/former/current). Never-smoking
cases were over-sampled (50% of case group).
Schabath 2005 us Case- 62y Healthy control subjects were recruited from Bladder cancer XPDLys751GIn
(Texas) control, [Mean] Kelsey-Seybold Clinics (a large private Ever/never
(Study hospital- multispecialty physicians group, Houston). PY
population may based Matching: Frequency-matched to case group XPD Asp312Asn
overlap Shen on age, gender & ethnicity Ever/never
2002) PY
Schneider 2005 Germany Case- Controls were from outpatient clinics free of Lung cancer XRCC1Arg399GIn
control, any benign or malignant tumors & unrelated Ever/never
hospital- to cases PY
based Matching none XRCC1Arg194Trp
Ever/never
PY
XRCC1Arg280His
Ever-never

PY
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year

Study name Agein controls Contral Study

(abbreviation) L ocation Design [metric] ascer tainment outcome Analyses [J

Shen 2000 China Case- 61.6y Controls were selected from closest unrelated  Gastric XRCC1Arg399GIn

(Jiangsu control, [Mean] neighbors in same village as cases. Controls cancer Ever/never
Province) population- 62y were healthy & cancer-free. XRCC1Arg194Trp
based [Median] Matching Individually-matched to cases on age, Ever/never
32-67y gender & village.
[Range]
Shen 2002 us Case- 56y Controls were from a local managed care Head & XRCC3Thr241Met
(Texas) control, [Median] organization (Houston, Kelsey-Seybold). neck cancer Ever/never

(Study hospital- 55.8y "Cancer-free". Meta-analysis included only Current sm/not

population may based [Mean] non-Hispanic whites.

overlap Schabath 19-84y Matching Frequency matched to case group on

2005) [Range] age, gender, ethnicity, smoking status and

alcohol consumption.

Shen 2003 Italy Case- (Cases & controls) Controls were male patients from urology depts Bladder =~ XRCC1Arg399Gin
control, 63y [Mean] of 2 main hospitals in Brescia Italy with non- cancer Ever/never
hospital- (Controls only)  neoplastic diseases. PY

based <=40y (5%) Matching Frequency-matched to case group on XPDLys751GiIn
41-50y ( 8%) age, period of recruitment & hospital Ever/never
51-60y (23%) PY
61-70y (38%) XRCC3Thr241Met
>70y (26%) Ever/never
[Freq distribution] PY
Shen 2005 US (New Case- <35y (3%) Controls were women identified by random digit Breast XRCC1Arg399Gin
York) control, 35-44y (16%)  dialing (<65y) & Medicare records (>=65 y) cancer Ever/never

[Same study population- 45-54y (27%)  residing in Long Island NY in Nassau and XRCC1Arg194Trp

population as based 55-64y (26%)  Suffolk countiedMatching: Frequency-matched Ever/never

Terry 2004, Long
Island Breast
Cancer Study
Project
(LIBCSP)]

65-74y (20%)
75-84y ( 7%)
>=85y ( 1%)
[Frequency
distribution]

to case group by age & ethnicity
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year

Study name Agein controls

Control

(abbreviation) L ocation Design [metric] ascertainment Study outcome Analyses [J
Skjelbred 2006a  Norway Cohort, 18-71y Controls were males from ESCH cohort DNA damage XRCC1Arg399GIn
occupational [Range] (European Study Group on Cytogenetic (chromosomal Current sm/not
[European Study Biomarkers and Health; combined Nordic &  aberrations) XPD Lys751GIn
Group on Italian cohorts) + additional males. This study Current sm/not
Cytogenetic includes only the Norwegian Caucasian males XRCC1Arg194Trp
Biomarkers and in the Cancer Risk Biomarker group. Sample Current sm/not
Health (ESCH)] enriched for occupational exposures likely to XRCC1Arg280His
cause chromosomal aberrations (~47% w Current sm/not
possible occupational exposure to XRCC3Thr241Met
clastogenic/carcinogenic agents). Current sm/not
Smedby 2006 Sweden & Case- 59y Controls randomly selected from population ~ Lymphoma XRCC3Thr241Met
Denmark control, [Mean] registries of Denmark & Sweden + regional Ever/never
(Scandinavian population- 19-74y pilot in Denmark. No hematologic Current sm/not
Lymphoma based [Range] malignancies.
Etiology Study) Matching Frequency-matched to case group
on age & gender.
Stern 2001 us Case- 63.3(10.4)y  Controls were male urology clinic patients w Bladder cancer XRCC1Arg194Trp
(North control, [Mean(SD)] no history of any cancer other than NMSC Ever/never
[Same study Carolina) hospital- <60y (31.5%) Matching Frequency matched to case group Duration
population as based 60-70y (41.8%) on age, ethnicity, and gender
Stern 20023, >70y (26.8%)
2002b(excluded)] [Frequency
distribution]
Stern 2002a us Case- 63.3(10.4)y  Controls were male urology clinic patients w Bladder cancer XRCC3Thr241Met
(North control, [Mean(SD)] no history of any cancer other than NMSC Ever/never
[Same study Carolina) hospital- <60y (31.5%) Matching Frequency matched to case group PY
population as based 60-70y (41.8%) on age, ethnicity, and gender

Stern 2001,
2002b(excluded)]

>70y (26.8%)
[Frequency
distribution]
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year

Study name Agein controls Control

(abbreviation) L ocation Design [metric] ascertainment Study outcome Analyses [J

Terry 2004 us Case- <35y (3%) Controls were women identified by random Breast cancer XPDLys751GIn
(New York) control, 35-44y (16%) digit dialing (<65y) & Medicare records Ever/never

[Same study population-  45-54y (27%) (>=65 y) residing in Long Island NY in Current sm/not

population as based 55-64y (26%) Nassau and Suffolk counties.

Shen 2005a,
Long Island
Breast Cancer
Study Project
(LIBCSP)]
Tuimala 2004

Wilding 2005

Xing 2002

Finalnd & Convenienc

Hungary e sample
UK Cohort,
occupational
China Case-
(Beijing) control,
hospital-
based

65-74y (20%)
75-84y ( 7%)
>=85y (1%)
[Frequency
distribution]
41.0y
[Mean(SD)]
21-64y
[Range]

~69y [Mean]
All >50y

58y (6.8)
[Mean (SD)]

Matching: Frequency-matched to case
group by age & ethnicity

Controls were from 2 parent case-control DNA
studies: 1. Finnish office workers from damage(Chromo
case-control study of isocyanate asthma 2. somal
Hungarian healthy blood donors and clerks abberations
attending pre-employment physicals from &Sister
case-control study of head and neck cancer chromatid
(nonsmoking drinkers excluded). Control exchange)
groups were pooled for analysis
[Finns(N=61) + Hungarians(N=84)].
Cohort consisted of retired male workers ~ DNA damage
from nuclear facility. (chromosomal
aberrations)

Population controls randomly selected from
a nutritional survey having participants
from the same region as case patients.
Matching Frequency-matched to case
group on age & gender.

Lung cancer

XRCC1Arg399GIn
Ever/never
XRCC1Arg280His
Ever/never
XRCC3Thr241Met
Ever/never

XRCC1Arg399GIn
Ever/never
XRCC1Arg194Trp
Ever/never
XRCC3Thr241Met
Ever/never

XPDLys751GIn
Ever/never

PY

XPD Asp312Asn
Ever/never

PY
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author & year
Study name Agein controls Control Study
(abbreviation) L ocation Design [metric] ascer tainment outcome Analyses [J
Yu 2004a China Case- 57.4y (9.4y) Controls were randomly selected from a pool Esophageal XRCC1Arg399Gin
control, [Mean(SD)] of volunteers who visited the general health cancer Ever/never
(Same population hospital- <60y (66%) check-up division at Tongji Hospital of
as Yu 2004b) based >60y (34%) Huazhong University of Science &
[Frequency Technology clinics.
distribution] Matching Frequency-matched to case group
on age & gender
Yu 2004b China Case- 57.4y (9.4y) Controls were randomly selected from a pool Esophageal XPDLys751GIn
control, [Mean(SD)] of volunteers who visited the general health cancer Ever/never
(Same population hospital- <60y (66%) check-up division at Tongji Hospital of
as Yu 2004a) based >60y (34%) Huazhong University of Science &
[Frequency  Technology clinics.
distribution] Matching Frequency-matched to case group
on age & gender
Zhou 2002 us Case- 58.5y (12.4y)  Controls were friends & non-genetically Lung cancer XPD Lys751GIn
(Massachus  control, [Mean (SD)] related family of lung cancer cases at Ever/never
(Same study etts) hospital- 19-100y Massachusetts General Hospital. Also friends PY
population as based [Range] & family of non-lung cancer pts in XPD Asp312Asn
Zhou 2003) (friends & <55y (38%) cardiothoracic wards (<10%). Ever/never
family) 55-64y (26%) Matching:none PY

>=65 y (36%)
[Frequency
distribution]
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TableV.A.la. Studiesincluded in meta-analyses (continued)

Author &
year
Study name Agein controls Contral
(abbreviation) L ocation Design [metric] ascer tainment Study outcome Analyses [
Zhou 2003 us Case- 58.5y (12.4y) Controls were friends & Lung cancer XRCC1Arg399GIn
(Same study (Massachusetts) control, [Mean (SD)] non-genetically related Ever/never
population as hospital- 19-100y family of lung cancer cases PY
Zhou 2002) based [Range] at Massachusetts General
(friends & <55y (38%) Hospital. Also friends &
family) 55-64y (26%)  family of non-lung cancer
>=65Yy (36%) ptsin cardiothoracic wards
[Frequency (<10%).

distribution] Matching:none

Zijno 2006 Italy(Rome) Cohort, 434y Traffic wardens [N~133] & DNA damage XPD Lys751GIn
occupational [Mean] office workers [N~57]) in (Sister chromatid Current sm/not
the municipality of Rome. exchange)

Study of urban air pollutants
and genotoxic
endpointsMatching: none
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TableV.A.1b. Characteristics of 5 additional studies (5 study populations) not included in any summary estimates.

Author &
year
Study name Agein controls Control ascertainment Study
(abbreviation) Location Design [metric] & reason for exclusion outcome Analyses
Affatato 2004 us Conveni 48y Volunteers from University of Texas Medical DNA XPD Lys751GIn
(Texas) ence [Median] Branch in Galveston answering notices for damage  Never/ current smoker only:
sample smokers & nonsmokers for genetic studies.  (chromo-  1.05 (0.39, 2.88)
Excluded cancer history and exposure to somal XPD Asp312Asn
potential mutagens (radiation etc.). aberrations) Never/ current smoker only:
Matching: none 1.31(0.47, 3.62)
Exclusion:Included only never smokers and
current smokers. Former smokers excluded.
Figueiredo Canada  Case- 452 (6.5)y Controls were women identified by random Breast XRCC1Arg399GIn
2004 (Ontario)  control, Mean (SD)] digit dialing. No history of breast cancer. cancer Adolescent smoking yes/no:
populati Matching: Frequency-matched to case group 1.02 (0.58, 1.79)
on- on age. XRCC3Thr241Met
based Exclusion:No data presented on adult Adolescent smoking yes/no:
smoking. 1.42 (0.80, 2.50)
Stern 2002b us Case- 63.4 (10.3) Controls were males from urology clinics Bladder XPD Lys751GIn
(Same study (North control, [Mean (SD)]  without a history of cancer except NMSC. cancer Ever/never (Any Lys v. GIn):
population as  Carolina) hospital <=60y Matching: Frequency matched to case group 1.76 (0.75, 4.16)
Stern 2001 & -based (31.1%) on age, gender and ethnicity. Only blacks and Duration (Any Lys v. GlIn):
2002a) 60-70y whites included in analysis. 0.91 (0.34, 2.41)
(42.1%) Exclusion:Data presented for recessive model
>=70y only.
(26.8%)
[Frequency
distribution]
Stern 2006a us Case- 61(7)y Controls were from screening study for Colorectal XPD Lys751GIn
(Californi  control [Mean (SD)] colorectal adenomas. No history of invasive adenoma  Ever/never (Any Lys v. GIn):
a) cancer, past polyps. 0.72 (0.45, 1.15)

Matching: Individually matched to cases on
age, gender, date and center of procedure.
Exclusion Data presented for recessive model
only.




TableV.A.1b. Characteristics of 5 additional studies (5 study populations) but not included in any summary estimates (continued)

Author &

year Agein
Study name controls Control ascertainment Study
(abbreviation) Location Design [metric] & reason for exclusion outcome Analyses
Wang 2003b us Case- ~62y Controls were from community centers. No Lung XRCC3Thr241Met
(Texas) control, [Mean] previous cancer history except NMSC. African- cancer PY (Never+low PY v. hi PY):
hospital- American and Mexican-American controls only. 0.21 (0.07, 0.64)
based Matching Frequency matched to case group on

age, gender, ethnicity & city of residence.
Exclusion Never smokers included in lowest
PY category

ITT

Abbreviations: PY = pack-years, NMSC = non-melanaikia cancer, y=years of age. Sm=smoker, not=rmoir@nt smoker

! Fifty-five studies met overall inclusion criter0 studies, representing 46 study populationdddoelincluded in at least 1 genotype-smoking surgma
estimate. Five studies met inclusion criteria luld not be included in any genotype-smoking sunyraaglyses.

?Reference groups for smoking analyses: never smoker current smoker (never+former smoking), lswmn-zero PY category (v. highest), shortest non-
zero smoking duration category (v. highest) & lotwemn-zero category of smoking intensity (v. higheall genotype contrasts: homozygous for the more
common allele (ref) v. 1 or more copies of the lem®imon variant

% Duell 2001 & Pachkowski 2006 are from the CBCSelDR001 was used for analyses stratified on ettyniBachkowski 2006 used for all others.

4 Excluded from Ever/never and Current sm/not bezénever smoking" was not comparable to other etibliever/former/current categories were 1. never
active or passive and 2. passive+cigar/pipe smdking

®> Assumed because of lead author's institutiondizafon

® Appears to include to smoking behavior, alcohaistonption and/or betel quid chewing.
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Table V.A.2: DNA repair gene variation and smoking summary estimates

Ever-never Current-Not current Pack-years Intensity Duration
Q OR, Q OR, Q OR, Q OR,
p- (95% p- OR, Q (95% p- (95% p- (95%
N value ci)? N value (95% CI)> N p-value cl)? N value CI)* N  value Cl)®
Gene and SNP
XRCC1
Arg399 1.0 1.2 1.5
GIn® 21 0.01 ---12 11 040 (09,1.1) 9 030 (1.0,1.5) 4 049 (1.2,1.9 2 0.03 ---12
Arg194 1.0 1.1 1.1 1.1 0.7
Trp’ 12 062 (09,11 6 0.68 (0.9,1.3) 2 073 (0.7,16) 2 0.89 (0.8,1.6) 3 047 (0.5,0.9)
Arg280 1.0 0.7 1.0 0.9 1.2
His ® 5 047 (08,1.2) 4 051 (05,11 3 032 (06,15 1 - (05,1.8) 1 - (0.6, 2.3)
XPD
Lys751 0.9 1.1
Gin® 12 046 (0.8,1.1) 6 025 (0.9,1.3) 7 0.02 ---12 0 0
Asp312 1.1 1.1 1.1
Asn™® 9 079 (10,12 1 (0.7,1.9) 4 011 (0.8,1.5) 0 0
XRCC3
Thr241 1.0 0.9 (0.8, 0.8
Met ' 9 052 (09,12 7 0.73 1.1) 4 067 (0.6,1.2) 0 0

Abbreviations: Cl=Confidence interval, na=not apalle, PY=pack-years, Q&ontrol-only genotype-smoking odds ratio, Q=Coafsdest of
heterogeneity, N=number of studies, G+=gene istipedior any variant allele G-=negative for variatiele (referent), E+=positive for smoking measure
E-=negative for smoking measure (referent), N=nunolbstudies, SNP=single nucleotide polymorphisnmg=arginine, GIn=Glutamine, Trp=Tryptophan,
His=Histidine, Met=methionine, Asp=Aspartic acids#=Asparagine

! Fixed effects summary estimates for G+/G- vs. E+/&- is homozygous for the common allele (ref}, i§ the genotype with 1 or 2 variant alleles, E-
(ref) is never smoker and E+ is ever smoking

2 Fixed effects summary estimates for G+/G- vs. E+/B- is homozygous for the common allele (ref}, i§the genotype with 1 or 2 variant alleles, E-
(ref) is not current smoker and E+ is current simgk

% Fixed effects summary estimates for G+/G- vs. E+/B- is homozygous for the common allele (ref}, i§the genotype with 1 or 2 variant alleles, E-
(ref) is lowest non-zero PY category and E+ is bijtcategory of PY

4 Fixed effects summary estimates for G+/G- vs. E+/B- is homozygous for the common allele (ref}, i&the genotype with 1 or 2 variant alleles, E-
(ref) is lowest non-zero category of intensity (day) and E+ is highest category of smoking intignsi

® Fixed effects summary estimates for G+/G- vs. E+/B- is homozygous for the common allele (ref}, i§the genotype with 1 or 2 variant alleles, E-
(ref) is lowest non-zero category of duration(yas§l E+ is highest category of smoking duration.
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Table V.A.2: DNA repair gene variation and smoking summary estimates (continued)

® Arg/Arg v. any GIn

"Arg/Arg v. any Trp

8 Arg/Arg v. any His

° Lys/lys v. any GIn

19 Asp/Asp v. any Asn

Y Thr/Thr v. any Met

2studies too heterogeneous for fixed effects sumresiiynate
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Table V.A.3. Genotype-smoking associations for selected specification of current-not current smoking and pack-year s of smoking

XRCC1

XPD

XRCC3

N

Arg399Gin
OR, (95% CI)

Argl94Trp
OR, (95% CI)

Arg280His
OR, (95% CI)

Lys751GIn
N OR,(95% CI)

Asp312Asn
N OR,(95% CI)

Thr241Met
OR, (95% CI)

Current / not current smoking

Not current (never +
former)(ref) vs. curren
smoker

Never (ref) vs. former
smoker

Never (ref) vs. current
smoker

11 10

4

4

11

1.1

09,11
09,13

09,14

11

11

1.2

09,13
08,14

0.8,1.6

0.7

1.0

0.9

05,11
0.7,15

0.5 14

09,13
0.6,1.0

0.7,1.1

0.7,1.9
0.7,2.4

0.7,2.3

0.9

1.0

0.9

08,11
0.8,1.3

0.7,1.2

Pack-year s of smoking

Relative PY *
Lightest (ref) vs.
heaviest smokefs
Never (0 PY)(ref) vs.
lightest smoker3
Never (0 PY)(ref) vs.
heaviest smokers

Absolute PY *

Light (<cutpoint range
ref) vs. heavy
smokers (>=cutpoint
range)’

Never (0 PY) (ref) vs.
(<cutpoint range, ref)
Never (0 PY) (ref) vs.
(>=cutpoint range)

12

1.2

1.2

11

13

10,15

10,14

10,15

09,12

10,16

11

0.9

11

0.9

0.8

11

0.7,1.6
0.7,1.2

0.8,1.6

0.7,1.3
0.7,1.1

08,15

1.0

11

11

1.2

1.0

13

0.6,1.5
0.8,1.5

0.7,15

0.8, 1.7
08,14

0.8,1.9

10,15
08,11

0.8,1.3

09,13
0.7,1.1

0.7,1.1

0.8,1.5
0.8,1.3

08,14

0.8,1.2
0.8,1.2

0.8,1.2

0.8

13

1.0

0.8

14

1.0

0.6,1.2
09,18

0.7,1.4

0511
1.0,2.0

0.6,1.6
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Table V.A.3. Genotype-smoking associations for selected specifications of current-not current smoking and pack-year s of smoking (continued)

Abbreviations: ref=referent, PY=pack-year, @€ontrol-only genotype-smoking odds ratio, N=numbiestudies, Arg=Arginine, GIn=Glutamine,
Trp=Tryptophan, His=Histidine, Met=methionine, Agspartic acid, Asn=Asparagine

! Lowest and highest study-defined PY categorigmndiess of PY cutpoints.
2 Lowest study-defined non-zero PY category (refeegmompared to highest study-defined PY categegardless of PY cutpoints (i.e. smokers only).

% Never smokers (OPY) as common referent for lowasty-defined PY category and highest study-defid¥dategory, regardless of PY cutpoints.
* Light and heavy smokers are defined as smokirgydesnore, respectively, than the study-definegaint within the cutpoint range for the specified
SNP; Studies w no cutpoint in this range are eaiiicho studies included multiple cutpoints in tlaisge; Ranges for absolute PYRCC1Arg399Gin
(32-42PY)

® Light includes all study-defined categories waéo bound less than the cutpoint range for that &xeluding 0 PY); Heavy includes all study-defined
categories w an upper bound greater than the cutpaige for that SNP

® Studies too heterogeneous for fixed effects sumresiimate
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TableV.A.4: Genotﬁﬁe—smokin% associations stratified bﬁ StUdﬁ desi%n

Arg399GIn Argl94Trp Arg280His
OR, Ratio of ORs OR, Ratio of ORs OR, Ratio of ORs
N (95% CI)* (95%CI)? N (95% CI)* (95%Cl)? N (95% CI)* (95%CI)?
Ever-never smoking
Case-based categories
Case-control
Population
- based 8 1.1 (0.9, 1.5) Ref 4 1.0 (0.9, 1.3) Ref 2 0.9 (0.7,1.3) Ref
Hospital-
based 9 1.0 (0.9, 1.2) 0.9(0.7,1.2) 5 0.8,(0.1) 0.9(0.7,1.2) 1.1 (0.8, 1.4) 1.2 (0.8)
Other 1 0.9 (0.6,1.3) 0.8(0.4,1.3) 2 1.9(0.5) 1.1 (0.8, 1.5)
Cohort/
convenience 3 1.0 (0.8, 1.4) 0.9(0.6,1.4) 1 0.7(0.3,1.4) .7@.3,1.4) 0.5(0.2,1.1) 0.5(0.2,1.3)
Case-control 18 1.1 (0.9, 1.2) Ref 11 1.0(0.9,1.2) NA 1.0(0.8,1.2) NA
Other 3 1.0 (0.8, 1.4) 1.0 (0.7, 1.4) 1 0.7 (0.3) 1 0.4 (0.2,1.1)
Non-case-based categories
Case-control
Population
controls 8 1.1 (0.9, 1.5) Ref 4 1.0 (0.9, 1.3) Ref 2 0.9 (0.7,1.3) Ref
Patient
controls’ 6 1.1(0.9,1.2) 0.9(0.7,1.3) 5 0.9(0.8,1.1) 0.9 (0.7,1.2) 1.1 (0.8,1.4) 1.2(0.8,1.8)
Non-patient
controls’ 4 0.9(0.8,1.1) 0.8(0.6,1.1) 2 1.1(0.9,1.5)1.1 (0.8, 1.5)
Cohort/
convenience 3 1.0 (0.8, 1.4) 0.9(0.6,1.4) 1 0.7(0.3,1.4) .7@.3,1.4) 0.5(0.2,1.1) 0.5(0.2,1.3)
Health status of non-cases
Not patients 15 1.1 (0.9, 1.3) Ref 7 1.1 (0.9, 1.2) Ref 3 0.9 (0.7,1.1) Ref
Patients 6 1.1(0.9,1.2) 1.0 (0.8, 1.3) 5 0.8,(0.1) 0.9 (0.7,1.1) 1.1(0.8,1.4) 1.3(0.8)
Unknown
patient status 0 0
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TableV.A.4: Genotiie—smokini associations stratified bi studi desiin icontinuedi

Arg399GIn Argl94Trp Arg280His
Ratio of ORs Ratio of ORs Ratio of ORs
N  OR(95% CI)* (95%CI)? N OR (95% CI)* (95%ClI)? N OR (95% CI)* (95%CI)?
Current-not current smoking
Case-based categories
Case-control
Population-
based 1 1.2 (1.0, 1.5) Ref 1 1.1 (0.8, 1.6) NA 1 0.9 (0.6, 1.4) NA
Hospital-
based 3 0.9 (0.7,1.2) 0.7 (0.5, 1.0) 2 0.9 ©.3) 0
Other 0 0 0
Unknown 1 1.6 (0.7, 3.7) 1.3 (0.5, 3.2) 1 0.94(@.2) 1 1.1(0.2,5.8)
Cohort/
convenience 6 0.8 (0.6,1.1) 0.7 (0.5, 1.0) 2 1.5(0.8,2.7) 2 0.5(0.2,1.0)
Case-control 5 1.1 (0.9, 1.3) Ref 4 1.0 (0.8, 1.3) Ref 2 0.9 (0.6,1.4) Ref
Other 6 0.8(0.6, 1.1) 0.8 (0.6,1.1) 2 1.5(2.8) 1.5(0.8,2.7) 2 0.5(0.2,1.0) 0.5(0.2)1.2
Non-case-based categories
Case-control
Population
controls 1 1.2 (1.0, 1.5) Ref 1 1.1 (0.8, 1.6) NA 1 0.9 (0.6, 1.4) NA
Patient
controls® 2 0.8 (0.6,1.2) 0.7 (0.5, 1.0) 1 1.1 (0.6, 2.1) 0
Non-patient
controls* 1 1.0 (0.7, 1.5) 0.8 (0.5, 1.3) 1 0.8(0.6,1.2) 0
Unknown 1 1.6 (0.7, 3.7) 1.3 (0.5, 3.2) 1 0.9 (2.2) 1 1.1 (0.2, 5.8)
Cohort/
convenience 6 0.8 (0.6, 1.1) 0.7 (0.5, 1.0) 2 1.5 (0.8, 2.7) 2 0.5 (0.2, 1.0)
Health status of non-cases
Not patients 8 1.0 (0.9, 1.2) Ref 4 1.1 (0.8, 1.3) NA 3 0.7 (0.5, 1.1) NA
Patients 2 0.8 (0.6, 1.2) 0.9 (0.6, 1.3) 1 1.6,2.1) 0
Unknown
patient status 1 1.6 (0.7, 3.7) 1.6 (0.7, 3.7) 1 .9(0.4,2.2) 1 1.1 (0.2, 5.8)
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TableV.A.4: Genotﬁﬁe—smokin% associations stratified bﬁ StUdﬁ desi%n icontinuedi

Arg399GIn Argl94Trp Arg280His
Ratio of ORs OR, (95% CI)  Ratio of ORs Ratio of ORs
N  OR (95% CI)* (95%CI)? N ! (95%Cl)? N OR (95% CI)* (95%CI)?
Pack-years
Case-based categories
Case-control
Population-
based 2 0.9 (0.6, 1.4) Ref 0 NA 1 0.5 (0.2,1.5) NA
Hospital-
based 7 1.3 (1.1, 1.6) 1.5 (0.9, 2.4) 2 1.1 (D.6) 2 1.1 (0.7, 1.8)
Other 0 0 0
Unknown 0 0 0
Cohort/
convenience 0 0 0
Case-control 9 1.2(1.0,1.5) NA 2 1.1 (0.7, 1.6) NA 3 1.0 (0.6, 1.5) NA
Other 0 0 0
Non-case-based categories
Case-control
Population
controls 2 0.9 (0.6,1.4) Ref 0 NA 1 0.5(0.2,1.5) NA
Patient
controls® 4 1.4 (1.1,1.7) 1.5 (0.9, 2.5) 2 1.1 (0.7, 1.6) 2 1.1 (0.7, 1.8)
Non-patient
controls* 3 1.3 (0.9, 1.8) 1.4 (0.8,2.5) 0 0
Unknown 0 0 0
Cohort/
convenience 0 0 0
Health status of non-cases
Not patientS 5 1.1 (0.9, 1.5) Ref 0 NA 1 0.5 (0.2, 1.5) NA
Patients 4 1.4 (1.1,1.7) 1.2 (0.8, 1.8) 2 1.1 (0.7, 1.6) 2 1.1 (0.7, 1.8)

Unknown
patient status 0 0 0
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TableV.A.4: Genotﬁﬁe—smokin% associations stratified bﬁ StUdﬁ desi%n icontinuedi

Lys751GIn Asp312Asn Thr241M et
Ratio of ORs OR, (95% CI)  Ratio of ORs Ratio of ORs
N  OR (95% CI)* (95%Cl)? N ! (95%Cl)? N OR (95% CI)* (95%CI)?
Ever-never smoking

Case-based categories

Case-control

Population- 4

based 1.0 (0.8, 1.1) Ref 2 1.3 (1.0, 1.8) Ref 2 1.0 (0.8, 1.3) Ref

Hospital- 7

based 0.9 (0.8, 1.1) 0.9 (0.7,1.2) 7 1.0(0.9,1.2) @8, 1.1) 4 1.0 (0.7, 1.3) 1.0 (0.6, 1.4)

Other 0 0 0

Cohort/

convenience 1 1.0 (0.6, 1.6) 1.0 (0.6, 1.7) 0 3 1.2(0.8)1 1.2(0.8,1.8)

Case-control 11 0.9 (0.8, 1.1) NA 9 1.1 (1.0,1.2) NA 6 1.0 (0182) Ref

Other 1 1.0 (0.6, 1.6) 0 3 1.2 (0.9, 1.6) 1.2 (0.9)1.
Non-case-based categories

Case-control

Population 4

controls 1.0(0.8,1.1) Ref 2 1.3(1.0, 1.8) Ref 2 1.0 (0.8, 1.3) Ref

Patient 3

controls® 0.8 (0.6,1.1) 0.8 (0.5,1.2) 3 1.1(0.9,1.3) ©8,1.1) 4 1.0 (0.7, 1.3) 1.0 (0.6, 1.4)

Non-patient 4

controls® 1.0 (0.8, 1.2) 1.0 (0.7, 1.4) 4 1.0(0.8,1.2) (@B, 1.1) 0

Cohort/

convenience 1 1.0 (0.6, 1.6) 1.0 (0.5, 1.7) 0 3 1.2(08)1 1.2(0.8,1.8)
Health status of non-cases

Not patients 9 1.0(0.9,1.1) Ref 6 1.1 (0.9,1.3) Ref 5 1.1 (0.9,1.3) Ref

Patients 3 0.8(0.6,1.1) 0.8 (0.6,1.1) 3 1.9,(0.3) 1(0.8,1.2) 4 1.0 (0.7, 1.3) 0.9 (0.8)1.

Unknown

patient status 0 0
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Table V.A.4: Genotype-smoking associations stratified by study design (continued)

Lys751GIn Asp312Asn Thr241M et
Ratio of ORs OR, (95% CI)  Ratio of ORs Ratio of ORs
N  OR (95% CI)* (95%Cl)? N ! (95%Cl)? N OR (95% CI)* (95%CI)?

Current-not current smoking

Case-based categories

Case-control

Population-

based 1 1.0 (0.7, 1.3) NA 0 1 1.0 (0.7,1.5) Ref

Hospital-

based 1 0.7 (0.5,1.2) 1 1.1 (0.7, 1.9) NA 2 (0.8, 1.2) 0.8 (0.5,1.4)

Other 0 0 1 2.0 (0.6, 6.6) 2.0 (0.6, 6.8)

Unknown 0 0 0

Cohort/

convenience 4 1.4 (1.0, 1.8) 0 3 0.9(0.6,1.2) 0.8 (0.8)

Case-control 2 0.9(0.7,1.2) Ref 1 1.1 (0.7, 1.9) NA 4 1.0 (0.8, 1.2) Ref

Other 4 1.4 (1.0, 1.8) 1.5(1.0, 2.2) 0 3 0.9(0.6)1.2 0.9(0.6,1.3)
Non-case-based categories

Case-control

Population

controls 1 1.0 (0.7, 1.3) NA 0 1 1.0 (0.7, 1.5) Ref

Patient

controls® 1 0.7 (0.5,1.2) 1 1.1 (0.7, 1.9) NA 2 0.9 (&) 0.8 (0.5,1.4)

Non-patient

controls® 0 0 1 2.0 (0.6, 6.6) 2.0 (0.6, 6.8)

Unknown 0 0 0

Cohort/

convenience 4 1.4 (1.0, 1.8) 0 3 0.9(0.6,1.2) 0.8 (0.8)
Health status of non-cases

Not patientS 5 1.2 (0.9, 1.4) NA 0 5 1.0(08,12) Ref

Patients 1 0.7 (0.5,1.2) 1 1.1 (0.7, 1.9) NA 20.9(0.6,1.2) 0.9 (0.6, 1.3)

Unknown

patient status 0 0
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TableV.A.4: Genotﬁﬁe—smokin% associations stratified bﬁ StUdﬁ desi%n icontinuedi

Lys751GIn Asp312Asn Thr241M et
Ratio of ORs OR, (95% CI)  Ratio of ORs Ratio of ORs
N OR (95% CI)* (95%Cl)? N ! (95%Cl)? N OR (95% CI)* (95%CI)?
Pack-years
Case-based categories
Case-control
Population-
based 2 0.8 (0.5,1.3) Ref 0 1 0.8(0.4,1.4) NA
Hospital-
based 5 1.3(0.8,2.1) 1.5(0.7, 3.5) 4 1.1 0.8) NA 3 0.8 (0.5,1.3)
Other 0 0 0
Unknown 0 0 0
Cohort/
convenience 0 0 0
Case-control 7 1.1(0.8,1.7) NA 4 1.1 (0.8, 1.58) NA 4 NA
Other 0 0 0
Non-case-based categories
Case-control
Population
controls 2 0.8 (0.5,1.3) Ref 0 1 0.8 (0.4,1.4) NA
Patient
controls® 2 1.0 (0.6, 1.6) 1.2 (0.5, 2.6) 1 0.9(0.5,1.4) NA 2 0.8(0.5, 1.3)
Non-patient
controls® 3 1.6 (0.8, 3.1) 2.0(0.9,4.3) 3 1.3(0.9,1.8) 1 1.1(0.4,2.7)
Unknown 0 0 0
Cohort/
convenience 0 0 0
Health status of non-cases
Not patientS 5 1.2 (0.7, 2.0) Ref 3 1.3(0.9,1.8) NA 2 0.9(0.5,1.4) Ref
Patients 2 1.0 (0.6, 1.6) 0.8(0.3,1.8) 1 0.9,(0.4) 2 0.8(0.5,1.3) 0.9 (0.5, 1.8)
Unknown
patient status 0 0
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Table V.A.4: Genotype-smoking associations stratified by study design (continued)

Abbreviations: Cl=Confidence interval, HWE = Handieinberg equilibrium, MAF=minor allele frequenayg=not applicable, ORcontrol-only genotype-
smoking odds ratio, PY=pack-years, N=number ofisgjdRef=referent, Q=Cochran’s test of homogenditg=Arginine, GIn=Glutamine, Trp=Tryptophan,
His=Histidine, Met=methionine, Asp=Aspartic acids@=Asparagine

! Unadjusted OR (95% CI): Genotype contrast foSAIPs is A/A (ref) vs. any a, where A is the morenown allele and a is the less common; random
effects forXRCC1Arg399GIn ever-never &PD Lys751GiIn, fixed effects for others

2 Ratio of Odds Ratios: Meta-regression used to esepdds ratios in given study design stratumeaotids ratio in the designated reference stratum

% patient controls: controls are persons attendingspital or disease clinic for treatment or dia&isodoes not include patients at wellness or clugcglinics
* Non-patient controls: Case-control study partinisavho are not patients (i.e. not treated at halspi disease clinic); they may be friend and fgmi
controls, cohort members in a nested case-cortrglaso excludes population-based controls

® Non-cases that are not patients: population-besetiols, friends and/or non-blood-related fanafypatients, convenience, community samples or @oho
members.
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TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by study

characteristics

Ever-never 1

Current-Not current 2

Py 34

Q
p_

OR,

Ratio of
ORs

Q

OR,

Ratio of
ORs

Q
p_

Ratio of

OR, ORs

N value i95% Cli (95% Cl)° | N p-value i95% Cli i95% Cli N value i95% Cli i95% Cli

Not stratified by
ethnicity w/in study
Stratified by ethnicity
within study?

21

23

0.01

0.02

9

na

0.3

Continent
North America
Europe
Asia
Ethnicity/nationality °
Single-ethnicity
studies®”’
Multi-ethnic studie$
Unknown ethnicity
White >=99%°
African American
>=09%
Han >=99%

Multi-ethnic studies

11

0.01

0.2

0.1

0.3

0.01

0.1

0.6

0.03

0.2

0.01

1.1
(0.9, 1.3)

Ref
1.0
(0.8, 1.3)
1.0
(0.7, 1.6)

Ref
1.2
(0.9, 1.7)
1.1
(0.8, 1.4)

Ref
1.1
(0.7, 1.8)
15
(0.8, 2.5)
1.3
(0.9, 1.8)

2 0.6
5 0.5
4 0.7
4 0.1
1 na
7 0.6
2 0.2
1 na
1 na
1 na

1.2
(1.0, 1.5)
0.8
(0.6, 1.0)
1.0
(0.8, 1.3)

1.0
(0.8, 1.2)
0.9
(0.2, 3.4)
0.9
(0.7, 1.1)

0.9
(0.6, 1.2)
2.1
(1.1, 3.9)
1.0
(0.7, 1.4)
0.9
(0.2, 3.4)

Ref

0.7
(0.5,0.9)

0.8
(0.6, 1.1)

Ref
0.9
(0.2, 3.5)
0.9
(0.6, 1.3)

0.1

0.8

0.6

0.4

0.2

0.4

1.2 1.1
(0.8,1.7) (0.7,1.7)
1.1

(0.9, 1.4) Ref

1.9 1.7
(1.2,2.9) (1.0,2.7)
11
(0.9,1.5) Ref
1.3 1.2
(1.1,1.7) (0.8,1.8)
1.1
(0.9,1.5) na
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TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 py 34
Q Ratio of Ratio of Q Ratio of
p- OR, ORs Q OR, ORs p- OR, ORs
N value i95% Cli (95% CI)° | N p-value i95% Cli i 95% Cli N value i95% Cli i 95% Cli
HWE p-value
Single-ethnicity 1.0 0.8 1.0 1.3 1.1 16.9
(continuous) 13 0.2 (0.9, 1.2) (0.5,1.3) 4 0.1 (0.8,1.2) (0.2,7.2)| 5 0.4 (0.9,1.5) (0.4,713)
p <0.05 0
1.2 1.2 1.2
p >=0.05, <0.50 6 0.1 (1.0,1.4) Ref 2 0.5 (0.8, 1.8) Ref 1 (0.9, 1.7) na
1.1 0.9 0.9 0.8 1.2
p >=0.50 16 0.05 (0.9,1.2) (0.7,1.2) | 10 0.3 (0.8,1.1) (05,1.2)| 8 0.2 (1.0,1.6)
1.2 1.2 1.2
p< 0.50 6 0.1 (1.0,1.4) Ref 2 0.5 (0.8, 1.8) Ref 1 (0.9, 1.7) na
11 0.9 0.9 0.8 1.2
p>=0.50 16 0.05 (09,1.2) (0.7,1.2) 10 0.3 (0.8,1.1) (0.5,1.2)| 8 0.2 (1.0,1.6)
0.9
p< 0.10 1 (0.6, 1.3) na 0 0
11
p>=0.10 21 0.02 (1.0,1.2) 12 9
Age
1.1 1.0 1.0 1.0 1.2 1.0
Age non-missing 20 001 (0,12 (10,10 | 10 0.3 (0.9,11) (1.0,10)| 9 03 (1.0,15 (1.0,1.1)
0.8 0.9
<= 47.9y° 1 (0.4, 1.6) na 5 0.3 (0.7, 1.1) Ref 0 na
11 11 1.2 1.2
>479y 19 0.01 (1.0,1.2) 5 0.4 (0.9,1.3) (09,1.7)| 9 0.3 (1.0, 1.5)




acl

TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 py 3¢
Q Ratio of Ratio of Q Ratio of
p- OR, ORs Q OR, ORs p- OR, ORs
N value i95% Cli (95% CI)° | N p-value i95% Cli i 95% Cli N value i95% Cli i 95% Cli
Age (continued)
1.1 0.9 11
<=59y1? 8 0.1 (0.9,1.3) Ref 8 0.6 (0.7, 1.1) na 3 0.1 (0.8,1.6) Ref
1.0 0.9 0.9 1.3 1.3
>59, <=63y 7 0.02 (0.8,1.3) (0.7,1.2) 1 (0.6, 1.3) 5 0.4 (1.1,1.6) (0.8,2.1)
1.2 11 1.2 0.8 0.7
>63y 5 05 (1.0,1.4) (08,15) | 1 (1.0, 1.5) 1 - (0.2,2.6) (0.2,2.7)
1.1 0.9 1.1
<=59y** 8 01 (0913 Ref 8 0.6 (0.7,1.1) Ref 3 01 (08,1.6) Ref
1.1 1.0 1.1 1.3 1.3 1.2
>59y 12 0.02 (0.9,1.3) (0.8,1.3) 2 0.2 (0.9,14) (10,17 6 04 (1.0,16) (0.8,1.8)
1 0.9 1.2
At or below median 12 0.1 (0.9, 1.2) Ref 5 0.3 (0.7, 1.1) Ref 5 0.4 (1.0, 1.5) Ref
1.2 11 1.2 1.3 1.1
Above median 8 0.02 (0.9,14) 1.1(0.9,1.4) 5 0.4 (0.9,1.3) (09,1.7)| 4 0.2 (1.0,1.8) (0.7, 1.6)
Gender
Percent male 1.1 1.0 0.7 1.2 1.3
(continuous) 21 (0.7,1.5) 10 0.3 (0.9,1.1) (05,09 9 03 (1.0,15) (0.6,2.8)
1
Percent male (mixed 1.0 1.4 1.0 0.9 1.3 (0.1,

gender only) 13 01 (09,12 (0.6, 35) | 4 07 (0813 (018 | 6 01 (10,15 114)



T

TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 Py 34
Q Ratio of Ratio of Q Ratio of
p- OR, ORs Q OR, ORs p- OR, ORs

N value i95%C|i (95% CI)° | N p-value iQS%CIi i95%CIi N value i95%CIi i95%CIi

Gender (continued)

100% female 11 1.2 0.9
participants 5 0.01 (08,19 Ref 2 0.3 (0.9, 1.5) Ref 1 -- (0.4, 1.8) Ref
<= 69% male 1.0 1.0 1.0 0.9 11 11
participants 7 01 (0.8,1.3) (0.7,1.3) | 2 0.7 (0.8,1.4) (0.6,1.3)| 3 0.1 (0.8,1.5) (0.5,2.8)
> 69% male 11 1.0 1.0 0.8 1.4 15
participants 6 03 (0.9,13) (0.7,1.4) | 2 0.2 (0.7,1.4) (05,1.3)| 3 0.2 (1.1,1.8) (0.6,3.8)
1.2 1.1 0.7 0.6 13 15
100% male 3 07 (0.9,16) (0.7,1.7) | 4 0.7 (0.6,1.0) (0.4,0.9)| 2 0.7 (0.8,2.2) (05,4)
1.1 1.2 0.9
All female 5 0.01 (0.8,1.4) Ref 2 0.3 (0.9, 1.5) Ref 1 -- (0.4, 1.8) Ref
1.0 1.0 1.0 0.9 1.3 14
Mixed gender 13 0.1 (0.9,1.2) (0.7,1.3) 4 0.7 (0.8,1.3) (0.6,1.2)| 6 0.1 (1.0,15) (0.7,2.9)
1.2 11 0.7 0.6 1.3 1.5
All male 3 0.7 (0.9,1.6) (0.7,1.7) 4 0.7 (0.6,1.0) (0.4,0.9)| 2 0.7 (0.8,2.2) (0.6, 3.6)
Study outcome
1.0 0.9 13
Lung cancer 6 04 (0.9,1.1) Ref 1 (0.6, 1.3) Ref 6 02 (1.1,1.6) Ref
1.2 1.2 11 1.2 1.0 0.8
Other cancer 12 002 (1.0,14) (10,16)| 3 0.3 (0.9,1.3) (0.8,2) | 3 0.7 (0.7,1.5) (0.5,1.2)
1.6 1.8
Non-cancer disease 0 1 (0.6,3.7) (0.7,47)| O
1.0 11 0.8 0.9

Non-disease 3 0.7 (0.8, 1.4) (0.7, 1.6) 6 0.6 (0.6, 1.1) (0.6; 15| 0
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TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by stud

characteristics (continued)

Ever-never *

Current-Not current 2

PY 34

Q
p_

OR,

Ratio of
ORs

Q OR,

Ratio of
ORs

Q
p_

OR,

Ratio of
ORs

N value i95%C|i (95% CI)° | N p-value iQS%CIi i95%CIi N value i95%CIi i95%CIi

Study Outcome (continued)

Cancer
Non-cancer disease

Non-disease

Lung cancer

All other
MAF 2

18

0

3

6

15

0.01

0.7

0.4

0.04

1.1
0.9,1.2)

1.0
(0.8, 1.4)

1.0
(0.9, 1.1)
1.2
(1.0, 1.3)

MAF (cutpoints assigned by tertiles acr oss SNP)

0.10-0.27
>0.27-0.36

>0.36-0.50
M AF (cutpoints proxy for

10%-20%
>20%-27%

>27%-50%

6 0.1

10 0.01

6 0.9
ethnicity)

3 0.1

3 0.1

16 0.04

1.1
(0.7, 1.5)
1.1
(1.0, 1.3)
1
(0.8,1.2)

1
(0.5, 1.8)
1.1
(0.7, 1.9)
1.1
(1.0,1.2)

Ref

0.9
(0.6, 1.4)

Ref
1.2
(1.0,1.5)

Ref
1.1

(0.8, 1.5)
1

(0.7, 1.4)

Ref

1.1
(0.6, 1.9)

1.1
(0.7,1.7)

1.1
4 0.3 (0.9, 1.2)
1.6
1 (0.6, 3.7)
0.8
6 06  (0.6,1.1)
0.9
1 (0.6, 1.3)
1
10 03 (0.9, 1.2)
1.1
4 0.1 (0.9, 1.4)
0.9
4 0.4  (0.6,1.4)
0.8
4 0.7 (0.7, 1.1)
2.1
1 (1.1,3.9)
1.0
4 0.7  (0.8,1.3)
0.9
7 06  (0.7,1.1)

Ref
15
(0.6, 3.7)
0.8
(0.6, 1.1)

na

Ref
0.8
(0.5, 1.4)
0.8
(0.5,1.1)

Ref
0.5
(0.2,0.9)
0.4
(0.2,0.8)

0.3

0.2

0.7

0.6

0.5

0.6

0.5

1.2
(1.0, 1.5)

1.3

(1.1,1.6)
1

(0.7, 1.5)

1.9
(1.2, 2.9)
1.1
(0.9, 1.4)

1.9
(1.2, 2.9)
1.1
(0.9, 1.4)

Ref

Ref
0.8
(0.5, 1.2)

Ref
0.6
(0.4, 1.0)

Ref
0.6
(0.4, 1.0)
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TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current pY 34
Q Ratio of Ratio of Q Ratio of
p- OR, ORs Q OR, ORs p- OR, ORs
N value i95% Cli (95% Cl)® | N p-value i95% Cli i 95% Cli N value i95% Cli i 95% Cli
MAF “ (continued)
M AF-assigned ethnicity
11 0.9 11
White 15 0.3 (0.9,1.2) Ref 6 0.5 (0.7, 1.2) Ref 7 0.5 (0.9, 1.4) Ref
1 0.9 2.1 2.4
African Americar® | 3 01 (0518 (06,15 | 1 (1.1,39) @1.2,47)| 0
1.1 1.0 1.0 1.1 1.9 1.6
Han 3 0.1 (0.7, 1.9) (0.7, 1.5) 4 0.7 0.8,1.3) (0.8,1.6)| 2 0.6 (1.2,2.9) (1.0,2.6)
1.2 1.2 0.9 1
Multi-ethnic studies | 2 0.01 (0.7,2.1) (0.8, 1.7) 1 -- 0.2,34) (03,41)| O
Smoking prevalence ™
1.7 1.0 0.2 1.2 0.7
Continuous 21  0.01 (0.6,4.7) | 11 0.4 (0.9,1.1) (0.1,0.7)| 9 0.3 (1.0,15) (0.2,2.6)
0.7 11 1.4
0-0.365 2 0.9 (0.5, 1.1) Ref 7 0.6 (0.9,1.2) Ref 5 0.3 (1.1, 1.8) Ref
11 15 0.6 0.6 1.2 0.9
>0.365-507 3 0.3 (0.9, 1.3) (0.9, 2.4) 2 0.3 (0.3,13) (03,13 1 (0.9,1.7) (0.6,1.3)
1.2 1.6 0.7 0.7 0.9 0.7
>0.507-0.602 7 0.02 (0.9,15) (1.0,2.6) 1 (0.5,1.1) (05,1.1)| 3 0.3 (0.6,1.4) (0.4,1.1)
1 1.4 0.9 0.8
>0.602-1 9 0.3 (0.9, 1.2) (0.9, 2.3) 1 (0.2,34) (0.2,33)| O
1 1.0 1.3
>0-0.507 5 0.2 (0.8, 1.2) Ref 9 0.5 (0.9, 1.2) Ref 6 0.4 (1.1, 1.6) Ref
1.1 1.1 0.7 0.7 0.9 0.7
>0.507-1 16 0.01 (1.0,13) (0.9,1.5) 2 0.8 (0.5,1.1) (0.5,1.1)| 3 0.3 (0.6,1.4) (0.4,1.1)

Abbreviations: Cl=Confidence interval, na=not apalle, HWE = Hardy Weinberg equilibrium PY=pack+gaR=control-only genotype-smoking odds
ratio (bolded), N=number of studies, Ref=refer@wCochran’s test of homogeneity, SNP=single nuidegbolymorphism, MAF=minor allele frequency,
Arg=Arginine, GIn=Glutamine, Trp=Tryptophan, His=dtidine, Met=methionine, Asp=Aspartic acid, Asn=Asggine
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TableV.A.5. XRCC1 Arg399GIn and Smoking: Overall and by study characteristics (continued)

! OR=Unadjusted odds ratio f@RCC1Arg399GIn:XRCC1Arg/Arg (ref) vs. any GIn, never smoking (ref) esier smoking, random effects estimates
20OR=Unadjusted odds ratio fiRCC1Arg399GIn:XRCC1Arg/Arg (ref) vs. any Gln, not current smoker jre$. current smoker, fixed effects estimates

¥ OR=Unadjusted odds ratio fiRCC1Arg399GIn:XRCC1Arg/Arg (ref) vs. any Gln, lightest smokers (re). heaviest smokers [lightest excludes never
smokers], fixed effects
* PY contrast is between lightest non-zero categbpack-years (ref) vs. heaviest category of PY
® Ratio of Odds Ratios: Compares odds ratio in gistedy characteristic stratum to the odds ratithindesignated reference stratum for that study
characteristic by meta-regression
® Studies that can be stratified by ethnicity aided as separate single-ethnicity studies; ssudi®9%-100% of 1 ethnicity are classified as sing|
ethnicity
" Only includes studies with explicitly stated ethmakeup
& White = Caucasian, white or non-Hispanic whiteri¢en American = African American or black;
Han = Han, Han Chinese or ethnic Chinese; Japan, Korea and Clyitiectoee ethnic minoritie
° Median of studies included ®RCC1399 current/not current smoker analyses.
10 categories based on thirds from studies includétRCC1399 PY analyses (<=59y, >59y-63y, >63y)
1 Median of all studies w age info (all SNPs) w afe [range:23.6-69y, mean: 56.51y SD: 9.84y]
12 Median proportion male in all studies (all SNAksmoking exposures): 0.69
'3 For 399 ever-never 1 study from Hungary is inctideing MAF as proxy for ethnicity

* Smoking prevalence is contrast-specific (definetleaer”, "current" or "heavier PY" as appropriate)



Table V.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics

Continent
North America
Europe

Asia

Ethnicity/nationality
Single-ethnicity
studies’
Multi-ethnic
studies

Unknown ethnicity
White >=99%°
African American
>=99%

Han >=99%

Ever-never * Current-Not current 2 Py 34
Ratio of
Q ORs Q Ratio of Ratio of
p- OR, (95% p- OR, ORs Q OR, ORs
N value (95% CI) Cl)® N value (95% Cl) (95% Cl) | N p-value (95% CI) (95% ClI)
0.9 1.1 1.2
12 0.5 (0.8, 1.1) 6 0.2 (0.9, 1.3) 7 0.019 (1.0,1.5)
0.9 0.9 1.5
4 0.4 (0.8,1) Ref 1 (0.7,1.3) Ref 3 0.006 (0.7, 3.2) Ref
1.0 1.2 1.2 1.2 1.0 0.7
6 0.3 (0.8,1.3) (0.9,15)| 5 0.2 (0.9,15) (0.8,1.8)| 3 0.503 (0.7, 1.4) (0.3,1.5)
1.0 1.1 0.8 0.5
2 05 (0.6,1.7) (0.7,1.9)| 0 1 na (0.3,1.7)  (0.1,1.9)
1.0 1.2 1.4
6 0.3 (0.8, 1.2) Ref 1 (0.8, 1.8) na 5 0.097 (0.9,2.1) na
0.8 0.8 0.9 0.8
2 06 (0.7,1.0) (0.6,1.1)| 1 - (0.7,1.3) 1 (0.5, 1.3)
1.0 1.1 1.1 0.8
4 0.7 (0.8,1.3) (0.8,1.4)| 4 0.1 (0.8,1.5) 1 (0.4, 1.4)
1.0 1.2 1.6
4 02 (0.8,1.2) Ref 1 - (0.8,1.8) na 4 0181 (1.0,2.4) na
1.0
0 (0.6,1.8)| 0 0
1.0 0.8 0.8
2 05 (0.6,1.7) (0.6,1.1)| © 1 (0.3,1.7)




TableV.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics (continued)

IET

Ever-never * Current-Not current 2 py 34
Q Ratio of Ratio of Q Ratio of
p- OR, ORs Q OR, ORs p- OR, ORs
N value (95% Cl) (95% CI)® | N  p-value (95% CI) (95% Cl) | N value (95% CI) (95% CI)
HWE p-value
Continuous (single 1.0 0.8 1.2 1.4 2.2
ethnicity) 6 0.3 (0.8,1.2) (05,1.2) |1 (0.8,1.8) na 5 0.097 (0.9,2.1) (0,93.7)
1.1 1.3
HWE p <0.05 1 - (0.8,1.7) Ref 2 0.6 (0.9, 1.8) Ref 0 na
HWE p >=0.05, 1.1 1.0 0.7 0.6 0.8
<0.50 4 06 (0.8,1.4) (0.6,16) |1 (05,1.2) (0.3,1.2)| 1 -  (0.4,1.4)
0.9 0.8 11 0.9 1.2
HWE p >=0.50 7 0.4 (0.8,1.0) (05,1.2) | 3 0.2 (0.9,14) (05,15 | 6 0.022 (0.8,1.9)
11 1.0 0.8
HWE p <0.50 5 0.8 (0.9, 1.4) Ref 3 0.2 (0.8, 1.4) Ref 1 - (0.4,1.4) Ref
0.9 0.8 11 11 1.2 1.6
HWE p >=0.50 7 04 (0.8,1.0) (0.6,1.0) |3 0.2 (0.9,1.4) (0.7,1.9)| 6 0.022 (0.8,1.9) (0.5,4.4)
1.1 1.3 0.8
HWE p <0.10 2 09 (0.8,1.5) Ref 2 0.6 (0.9, 1.8) Ref 1 - (0.4,1.4) na
0.9 0.8 1.0 0.8 1.2
HWE p >=0.10 10 04 (0.8,1.0) (0.6,1.1) |4 0.1 (0.8,1.3) (0.5,1.2)| 6 0.022 (0.8,1.9)
Age
Age non-missing 0.9 1.0 1.1 1.0 1.1 1.0
(continuous) 12 0.5 (0.8,1.1) (1.0,1.0) | 6 0.2 (0.9,13) (1.0,10)| 7 0.019 (0.8,1.7) (0.9,1.1)
14
<=47.9y° 0 na 3 0.5 (1.0, 1.9) Ref 0 na
0.9 0 0.9 0.7 1.1
>479y 12 0.5 (0.8,1.1) (0, 0) 3 0.4 (0.7,1.2) (0.5,1.0)| 7 0.019 (0.8,1.7)



TableV.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics (continued)

ZET

Ever-never * Current-Not current 2 py 34
Q Ratio of Ratio of Q Ratio of
p- OR, ORs Q OR, ORs p- OR, ORs
N value (95% Cl) (95% CI)® | N  p-value (95% CI) (95% CI) | N value (95% CI) (95% CI)
By Study Characteristic
Age (continued)
0.9 11 14
<=59y1? 7 0.6 (0.8,1.0) Ref 6 0.2 (0.9, 1.3) na 4 0.054 (0.8,2.4) Ref
1.0 1.1 0.9 0.6
>59, <=63y 4 0.2 (0.8,1.2) (0.8, 1.4) 0 3 0362 (06,1.2) (0.3,1.2)
1.4 15
>63y 1 (0.8, 2.6) (0.8, 2.9) 0 0
0.9 11 14
<=59y*! 7 0.6 (0.8,1.0) Ref 6 0.2 (0.9, 1.3) na 4 0.054 (0.8,2.4) Ref
1.0 11 0.9 0.6
>59y 5 0.2 (0.8,1.2) (0.9,1.4) 0 3 0362 (06,1.2) (0.3,1.2)
0.9 14 14
At or below median 6 0.5 (0.8,1.1) Ref 3 0.5 (1.0, 1.9) Ref 4 0.054 (0.8,2.4) Ref
1.0 1.1 0.9 0.7 0.9 0.6
Above median 6 0.3 (0.8,1.1) (0.9, 1.4) 3 0.4 (0.7,1.2) (0.5,1.0)| 3 0.362 (0.6,1.2) (0.3,1.2)
Gender
Percent male 0.9 1.0 1.1 1.1 0 0.8
(continuous) 12 0.5 (0.8,1.1) (0.7,1.4) 6 0.2 (0.9,1.3) (0.7,2) 7 (0, 0) (0.2, 3.4)
Percent male, mixed 1.0 0.8 15 1.2 0
gender only 8 0.9 (0.9, 1.2) (0.3, 2.4) 2 0.3 (1.0, 2.3) na 5 0.006 (0.7,2) (0,0.1)
100% female 0.9 0.9 0.9
participants 2 0.1 (0.7, 1.1) Ref 1 (0.7, 1.3) na 1 (0.4,1.9) Ref
=69% male 1.0 1.2 1.3 15 1.7
participants 5 0.7 (09,1.2) (0.9,1.5) 1 (0.7,2.2) 3 0.024 (0.7,31) (0.5,5.6)
> 69% male 0.9 11 1.9 0.8 0.8
participants 3 0.7 (0.7, 1.3) (0.7, 1.5) 1 (1.0, 3.8) 2 0970 (0.5,1.2) (0.2,2.9)
0.7 0.8 1.0 1.3 1.4
100% male 2 0.2 (0.5,1.1) (0.5, 1.3) 3 0.2 (0.8, 1.4) 1 (0.7,2.5) (0.3,6.1)



TableV.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics (continued)

Ever-never *

Current-Not current 2

py 34

Q
p_

OR,

Ratio of
ORs

Q OR,

Ratio of
ORs

Q
p- OR,

Ratio of
ORs

N value iQS%CIi (95% CI)® | N p-value i95%CIi i95%C|i N value i95%CIi i95%CIi

Gender (continued)
All female
Mixed gender

All male
Study outcome

Lung cancer

Other cancer

2€T

Non-cancer disease

Non-disease

Cancer
Non-cancer disease

Non-disease

Lung cancer

All other

0.1

0.9

0.2

0.5

0.2

0.4

na

0.5

0.3

0.9
(0.7, 1.1)
1.0
0.9,1.2)
0.7
(0.5, 1.1)

1.0
(0.8, 1.2)
0.9
(0.8, 1.1)

1.0
(0.6, 1.6)

0.9
(0.8, 1.1)

1.0
(0.6, 1.6)

1.0
(0.8, 1.2)
0.9
(0.8, 1.1)

Ref
1.1
(0.9, 1.5)
0.8
(0.5, 1.3)

Ref
0.9
(0.7, 1.2)

1.0
(0.6, 1.7)

na

Ref
0.9
(0.7,1.2)

0.9
(0.7, 1.3)
1.5
03  (1.0,2.3)
1.0
02  (0.8,1.4)

0.9
04  (0.7,1.2)

1.3

0.7  (1.0,1.8)
0.9

04  (0.7,1.2)

1.3
07  (1.0,1.8)

1.1
02  (0.9,1.3)

Ref
1.6
(0.9, 2.7)
1.1
(0.7, 1.7)

Ref

1.5
(1.0, 2.2)

Ref

1.5
(1.0, 2.2)

na

0.9
na (0.4, 1.9)
1.2
0.006 (0.7,2)
1.3
na (0.7, 2.5)
1.6
0.080 (0.8,3.1)
0.9
0.565 (0.7,1.2)
1.1
0.019 (0.8,1.7)
1.6
0.080 (0.8,3.1)
0.9
0.565 (0.7,1.2)

na

Ref
0.5
(0.3,0.9)

na

Ref
0.5
(0.3,0.9)
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TableV.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 pY 34
Ratio of
Q ORs Ratio of Q Ratio of
p- OR, (95% Q OR, ORs p- OR, ORs
N value (95% CI) Cl)® N p-value (95% CI) (95% Cl) | N value (95% CI) (95% CI)
MAF
0
0.9 1.3 1.1 (0, 1.2
MAF non-missing 12 0.5 (0.8,1.1) (0.3,6.2) 6 0.2 (0.9,1.3) 3772.6) 7 (0, 45.7)
MAF (cutpoints assigned by median across SNP)
0.9 1.0 1.3
0.01-0.37 7 0.5 (0.8, 1.0) Ref 2 0.3 (0.7, 1.3) Ref 5 0.016 (0.8,2.1) Ref
11 1.2 11 11 0.8 0.7
>0.37-0.50 5 0.7 (0.9,1.4) (1.0,1.6) 4 0.2 (09,15 (0.7,1.8)| 2 0.768 (0.5,1.3) (0.3,1.5)
MAF (cutpoints proxy for ethnicity)
1.0 0.8
1%-15% 2 0.5 (0.6,1.7) Ref 0 na 1 (0.3,1.7) na
0.9 0.9 11 1.2
>15%-50% 10 0.3 (0.8,1.0) (0.6,1.6) 6 0.2 (0.9, 1.3) 6 0.015 (0.8,1.8)
M AF-assigned ethnicity
1.0 1.2 1.3
White 8 0.4 (0.9, 1.2) Ref 5 0.2 (0.9, 1.5) na 5 0.052 (0.9,2.1) na
African American 0 0 0
1.0 1.0 0.8
Han 2 0.5 (0.6,1.7) (0.6,1.7) 0 na 1 (0.3,1.7) na
Multi-ethnic 0.8 0.8 0.9 0.8
studies 2 0.6 (0.7,1.0) (0.6, 1.0) 1 (0.7,1.3) 1 (0.5, 1.3)
Smoking prevalence
0.9 0.3 1.1 2 0.3
Continuous 12 0.5 (0.8,1.1) (0.1,1.1) 6 0.2 (0.9,13) (05,86)| 7 (0, 7.8)
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TableV.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics (continued)

Ever-never ! Current-Not current 2 pY 34
Ratio of
Q ORs Ratio of Q Ratio of
p- OR, (95% Q OR, ORs p- OR, ORs
N value (95% CI) Cl)°® N p-value (95% CI) (95% Cl) | N  value (95% CI) (95% CI)
By Study Characteristic
Smoking prevalence (continued) ©
1.3 1.0 1.3
0-0.365 1 (0.8,1.9) Ref 4 0.1 (0.8, 1.3) Ref 2 0.009 (0.5,3.6) Ref
1.2 0.9 1.6 1.5 0.8 0.6
>0.365-507 2 0.7 (0.8,1.7) (0.5, 1.6) 1 (0.6,4.2) (0.5,46)| 3 0918 (0.5,1.1) (0.3,1.3)
0.9 0.7 1.2 1.1 1.5 1.2
>0.507-0.602 6 0.5 (0.8,1.1) (0.5,1.1) 1 (0.8,1.8) (0.6,2.2)| 2 0.359 (0.9,2.6) (0.5 2.9
0.9 0.7
>0.602-1 3 0.3 (0.7,1.1) (0.4,1.2) 0 0
1.2 1.0 1.0
>0-0.507 3 0.9 (0.9, 1.6) Ref 5 0.2 (0.8,1.3) na 5 0.010 (0.6,1.6) Ref
0.9 0.7 1.2 15 1.6
>0.507-1 9 0.5 (0.8,1.0) (0.5, 1.0) 1 (0.8, 1.8) 2 0359 (0.9,2.6) (0.7,3.9)

Abbreviations: Cl=Confidence interval, na=not apalble, HWE = Hardy Weinberg equilibrium, PY=paclagge OR=control-only genotype-smoking odds
ratio, ), N=number of studies, Ref=referent, Q=CGaals test of homogeneity, SNP=single nucleotidigmorphism, Arg=Arginine, Gln=Glutamine,
Trp=Tryptophan, His=Histidine, Met=methionine, Agspartic acid, Asn=Asparagine
! OR=Unadjusted odds ratio féPD Lys751GIn: Lys/Lys (ref) vs. any GIn, never smukiref) vs. ever smoking, fixed effects
20OR=Unadjusted odds ratio fPD Lys751GIn: Lys/Lys (ref) vs. any GIn, not curremoker (ref) vs. current smoker, fixed effects
®OR=Unadjusted odds ratio f%PD Lys751GIn: Lys/Lys (ref) vs. any Gln, lightest neero smokers (ref) vs. heaviest smokers; strtifimdom effects
“PY contrast is between lightest non-zero categbpaok-years (ref) vs. heaviest category of PY
® Ratio of Odds Ratios: Compares OR in given studyracteristic stratum to the OR in the designagéetence stratum for that study characteristic leyam

regression

® Studies w 99%-100% of 1 ethnicity are classifiediagle-ethnicity

" Only includes studies with explicitly stated ethmakeup
8 White = Caucasian, white or non-Hispanic whiteriégn American = African American or black; Han am] Han Chinese or ethnic Chinese
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TableV.A.6. XPD Lys751GIn and Smoking: Overall and by study characteristics (continued)

°®Median of studies included MRCC1751 current/not current smoker analyses.

19 Categories based on thirds from studies includ@RCC1399 PY analyses (<=59y, >59y-63y, >63y)
' Median of all studies w age info (all SNPs) w atfe [range:23.6-69y, mean: 56.7y SD: 9.8y]
2Median proportion male in all studies (all SNP$satoking exposures): 0.69

¥Smoking prevalence is contrast-specific (defineteasr", "current" or "heavier PY" as appropriate)



Table V.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics

Ever-never !

Current-Not current

py 34

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of
ORs

N value igs%c;li (95% CI)® | N value igs%c;li (95% CI)® | N value i95%C|i (95% CI)°

Continent

North America

Europe

Asia

9

7

0

Ethnicity/nationality

Single-
ethnicity
studies’

Multi-ethnic
studies

Unknown
ethnicity

White
>=99%°
African
American
>=99%

Han >=99%

0.5

0.1

0.7

0.7

0.2

0.9

0.7

1.0
(0.9, 1.2)

0.9
(0.6, 1.3)
1.1
(0.9, 1.3)

0.8
(0.6, 1.1)
1.0
(0.7, 1.3)
1.2
(1.0, 1.5)

0.8
(0.6, 1.1)

Ref

1.1
(0.8, 1.7)

Ref

1.2
(0.8, 1.9)

1.5
(1.0, 2.2)

Ref

7

0.7

0.9
(0.8, 1.1)

0.8
(0.5,1.2)
0.9
(0.7, 1.1)
2.0
(0.6, 6.6)

0.8
(0.6, 1.1)

1.0
(0.7, 1.5)
0.9
(0.7, 1.3)

0.8
(0.6, 1.1)

2.0
(0.6, 6.6)

Ref

1.2
(0.7, 2)
1.1
0.7,1.7)

Ref

4

0.7

0.3

0.6

0.9

0.8
(0.6, 1.2)

0.7
(0.4, 1.3)
0.9
(0.6, 1.4)

1.0
(0.6, 1.7)

0.6
(0.3,1.2)
0.8
(0.4, 1.4)

1.0
(0.6, 1.7)

Ref

1.2
(0.6, 2.5)
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TableV.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics (continued)

Ever-never *

Current-Not current

py 34

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of
ORs

N value i95%C|i (95% CI)® | N value i95%C|i (95% CI)°® N value i95%C|i (95% CI)°

HWE p-value

Continuous
(single
ethnicity)

HWE p <0.05
HWE p
>=0.05, <0.50

HWE p >=0.50

HWE p <0.50

HWE p >=0.50

HWE p <0.10

HWE p >=0.10
Age

Age non-

missing

0.7

0.3

0.4

0.3

0.4

0.5

0.5

0.8
(0.6, 1.1)

1.1
(0.8, 1.6)
1.0
(0.8, 1.2)

1.1
(0.8, 1.6)
1.0
(0.8, 1.2)

1.0
(0.9, 1.2)

1.0
(0.9, 1.2)

1.0
(0.3, 3.4)

Ref

0.9
(0.6, 1.4)

Ref

0.9
(0.6, 1.4)

na

1.0
(1.0, 1.0)

0.3

0.9

0.9

0.7

0.8
(0.6, 1.1)

2.0
(0.6, 6.6)

0.9
(0.7, 1.1)

2.0
(0.6, 6.6)
0.9
(0.7, 1.1)

2.0
(0.6, 6.6)
0.9
(0.7, 1.1)

0.9
(0.8, 1.1)

0.4
(0.1,1.6)

na

na

na

1.0
(1.0, 1.0)

0.9

0.6

0.3

0.6

0.3

0.7

0.7

1.0
(0.6, 1.7)

0.9
(0.6, 1.4)
0.7
(0.4, 1.3)

0.9
(0.6, 1.4)
0.7
(0.4, 1.3)

0.8
(0.6, 1.2)

0.8
(0.6,1.2)

na

na

na

0.9
(0.8, 1.1)



5€T

TableV.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics (continued)

Ever-never *

Current-Not current

py 34

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of
ORs

N value i95%C|i (95% CI)® | N value i95%C|i (95% CI)® | N value i95%C|i (95% CI)°

Age
<= 47.9y°

>479y

<:59y10
>59, <=63y

>63y

<:59yll
>59y

At or below
median

Above median

0.4

0.3

0.3

0.5

0.3

0.7

0.3

0.7

1.0
(0.9, 1.2)

1.0
(0.8, 1.2)
1.1
(0.8, 1.6)
1.2
(0.8, 1.7)

1
(0.8, 1.2)
1.1
(0.9, 1.5)

1.0
(0.8, 1.2)
1.1
(0.9, 1.5)

na

Ref
1.1
(0.8,1.7)
1.2
(0.8,1.9)

Ref

1.2
(0.8, 1.6)

Ref

1.2
(0.8, 1.6)

0.6

0.6

0.9

0.9

0.8

0.5

0.8
(0.6, 1.1)
1.0
(0.8, 1.2)

0.9
(0.7, 1.1)
2.0
(0.6, 6.6)

0.9
(0.7,1.1)
2.0
(0.6, 6.6)

0.8
(0.7, 1.1)
1.0
(0.8, 1.4)

Ref

1.2
(0.8, 1.9)

na

na

Ref

1.2
(0.8, 1.8)

0.7

0.5

0.8

0.8
(0.6, 1.2)

1.1
(0.4, 2.7)
0.9
(0.6, 1.4)
0.6
(0.3,1.2)

1.1
0.4,2.7)
0.8
(0.5,1.1)

0.9
(0.6, 1.4)
0.6
(0.3, 1.2)

na

na

na

na
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TableV.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 py 34
Q Q Q Ratio of
p- OR, Ratio of ORs p- OR, Ratio of ORs p- OR, ORs
N value i95% Cli (95% CI)® | N value i95% Cli (95% CI)°® N value i95% Cli (95% CI)°
Gender

Percent male 1.0 1.0 0.9 0.6 0.8 1.1
(continuous) 9 05 (0912 (0.4, 2.4) 7 07 (0.8, 1.1) (0.3, 1.5) 4 0.7 (0.6, 1.2) (0.1, 8.6)
Percent male,
mixed gender 1 1.1 1.0 0.1
only 6 03 (0913 (0.1, 12.6) 4 05 (0.8, 1.3) (0, 3.4)
100% female
participants 0 0 0 na
<= 69% male 1.0 1.0 0.9
participants® | 4 0.1  (0.8,1.2) Ref 4 05 (08,1.3) Ref 2 0.6  (0.5,1.4)
> 69% male 1.2 1.2 0.6
participants 2 05 (08,19 (0.7, 2) 0 1 (0.3, 1.2)

1.0 1.0 0.8 0.9 1.0
100% male 3 08 (08,14 (0.7, 1.5) 3 08 (0.6,1.1) (0.6, 1.3) 1 (0.5,1.9)
All female 0 0 0

1.0 1.0 0.8
Mixed gender | 6 0.3  (0.9,1.3) Ref 4 05 (0.8, 1.3) Ref 3 0.6 (0.5, 1.1) na

1.0 1.0 0.8 0.9 1.0
All male 3 08 (08,14 (0.7,1.4) 3 038 (0.6,1.1) (0.6, 1.3) 1 (0.5,1.9)
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TableV.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics (continued)

Ever-never *

Current-Not current 2

py 34

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of ORs

Q
p_

OR,

Ratio of
ORs

N value i95%C|i (95% CI)® | N value i95%C|i (95% CI)® | N value i95%C|i (95% CI)°

Study outcome
Lung cancer
Other cancer
Non-cancer

disease

Non-disease

Cancer

Non-cancer
disease

Non-disease

Lung cancer

All other
MAF

MAF non-
missing

0.4

0.7

0.4

0.7

0.5

0.5

(0.8, 1.2)

1.2
(0.9, 1.6)

1.0
(0.8, 1.2)

1.2
(0.9, 1.6)

1.0
(0.9, 1.2)

1.0
(0.9, 1.2)

Ref

1.2
(0.8, 1.7)

na

na

0.9
(0, 235.8)

0.5

0.7

0.5

0.7

0.7

0.7

1.0
(0.7,1.2)

0.9
(0.6,1.2)

1.0
(0.7,1.2)

0.9
(0.6,1.2)

0.9
(0.8, 1.1)

0.9
(0.8, 1.1)

Ref

0.9
(0.6, 1.3)

Ref

0.9
(0.6, 1.3)

na

0.2
(0, 4.6)

0.5

0.7

0.5

0.7

1.1
(0.4, 2.7)
0.8
(0.5, 1.1)

0.8
(0.6, 1.2)

1.1
(0.4, 2.7)
0.8
(0.5, 1.1)

0.8
(0.6,1.2)

na

na

na

0
(0, 45050)



TableV.A.7. XRCC3 Thr241M et and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 py 34
Q Q Q Ratio of
p- OR, Ratio of ORs p- OR, Ratio of ORs p- OR, ORs
N value (95% ClI (95% CI)°® value (95% ClI (95% CI)°® value  (95% ClI (95% CI)°
MAF (continued)
M AF (cutpoints assigned by median across SNP)
1.0 0.9 0.8
0.01-0.37 5 03 (08,13 Ref 0.1 (0.6, 1.4) Ref 0.7 (0.6, 1.2) na
1.0 1.0 0.9 1.0
>0.37-0.50 4 05 (08,1.3) (0.7, 1.4) 0.9 (0.7, 1.2) (0.6, 1.7)
M AF (cutpoints proxy for ethnicity)
2.0
H 1%-15% 0 Ref (0.6, 6.6) na na
B 1.0 0.9 0.8
>15%-50% 9 05 (09,12 0.9 (0.7,1.1) 0.7 (0.6,1.2)
M AF-assigned ethnicity
1.1 0.9 0.9
White 7 05 (0913 Ref 0.9 (0.7, 1.1) na 0.8 (0.6, 1.4) na
African
American 0
2.0
Han 0 (0.6, 6.6)
Multi-ethnic 1.0 0.9 1.0 0.6
studies 2 02 (0.7,1.3) (0.7, 1.3) (0.7, 1.5) (0.3, 1.2)
Smoking prevalence
1.0 0.1 0.9 0.5 0.8 2.4
Continuous 9 05 (09,12 (0, 1.8) 0.7 (0.8, 1.1) (0.1, 3.1) 0.7 (0.6, 1.2) (0.1, 56.6)
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TableV.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics (continued)

Ever-never * Current-Not current 2 py 34
Q Q Q Ratio of
p- OR, Ratio of ORs p- OR, Ratio of ORs p- OR, ORs
N value (95% ClI (95% CI)® | N value (95% ClI (95% CI)°® N value (95% ClI (95% CI)°
Smoking prevalence (continued)™
0.9 0.8
0-0.365 0 4 08 (0.7,1.2) Ref 1 (0.4,1.4) na
1.1 1.1 0.6
>0.365-507 | O 2 01 (05,23) (0.5, 2.5) 1 (0.3,1.2)
1.2 0.8 0.9 1.0
>0.507-0.602 | 4 0.8 (0.9, 1.5) Ref 1 -  (0.61.2) (0.6, 1.4) 2 09 (0.6,1.7)
0.9 0.8
>0.602-1 5 04 (0.7,1.1) (0.6,1.1) | 0 0
0.9 0.7
>0-0.507 0 na 6 07 (08,1.2) na 2 05 (0.4,1.1) na
1.0 0.8 1.0
>0.507-1 9 05 (0912 1 -  (0.61.2) 2 09 (0.6, 1.7)

Abbreviations: Cl=Confidence interval, na=not apable, HWE = Hardy Weinberg equilibrium, PY=paclagge OR=control-only genotype-smoking
odds ratio, ), N=number of studies, Ref=referemtCQchran’s test of homogeneity, SNP=single nualieotiolymorphism, Arg=Arginine, GIn=Glutamine,
Trp=Tryptophan, His=Histidine, Met=methionine, Agwspartic acid, Asn=Asparagine

! OR=Unadjusted odds ratio fSRCC3Thr241Met: Thr/Thr (ref) vs. any Met, never smakimef) vs. ever smoking, fixed effects

20OR=Unadjusted odds ratio fSfRCC3Thr241Met: Thr/Thr (ref) vs. any Met, not curresmoker (ref) vs. current smoker, fixed effects

$OR=Unadjusted odds ratio ffRCC3Thr241Met: Thr/Thr (ref) vs. any Met, lightestmpero smokers (ref) vs. heaviest smokers; seatifandom
effects
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TableV.A.7. XRCC3 Thr241Met and Smoking: Overall and by study characteristics (continued)

“PY contrast is between lightest non-zero categbpaok-years (ref) vs. heaviest category of PY

® Ratio of Odds Ratios: Compares odds ratio in gistedy characteristic stratum to the odds ratithéndesignated reference stratum for that study
characteristic by meta-regression

® Studies w 99%-100% of 1 ethnicity are classifisgiagle-ethnicity
" Only includes studies with explicitly stated ethmakeup

8 White = Caucasian, white or non-Hispanic whiteriégn American = African American or black; Han am Han Chinese or ethnic Chinese
°®Median of studies included MRCC1751 current/not current smoker analyses.

1€ Categories based on thirds from studies includetRCC1399 PY analyses (<=59y, >59y-63y, >63y)

' Median of all studies w age info (all SNPs) w afe [range:23.6-69y, mean: 56.7y SD: 9.8y]

2Median proportion male in all studies (all SNP$satoking exposures): 0.69

¥Smoking prevalence is contrast-specific (defineteasr", "current" or "heavier PY" as appropriate)
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Figure V.A.1: Weighted Forest Plot fSRCC1399 and ever-never smoking
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Figure V.A.2. Funnel plot foKRCC1399 and ever-never smoking

Begg's funnel plot with pseudo 95% confidence limits
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B. MANUSCRIPT 2: Association of DNA repair and metabolic gene polymor phismswith
tobacco smoking in controls from two population-based case-control studies. Carolina

Breast Cancer Study and North Carolina Colon Cancer Study

1. Introduction

The case-only study design as proposed by Prentice et. al [1] and popularizegdrgdPi
et. al. and Khoury et. al . [2-3] has been used increasingly over the last 20 yeansdie ¢ise
magnitude of statistical interaction between two exposures, most oftenrgereyament
interaction (GxE) in cancer studies. This method requires only cases, no populatiols cont
defined cohort. Potential advantages of the design are reduced cost and incezasied [8].

Also, no invasive procedures are needed for healthy volunteers, especially naMaine
populations (e.g. children) [9]. It has been proposed as a screening method to cdewlidiate
gene-environment or gene-gene interactions and/or genes that may be atlglogportant for
further investigation [5, 16-17]. Because further investigation in more riguttsxale studies
of genes identified in case-only studies requires significant additional modeyree, it is
important to evaluate the assumptions of case-only method.

Provided the design assumptions are met, in particular the independence assumption (i
that the genetic and environmental factors are independent in the population that produced the
cases), the case-only study estimates statistical interactiatethates from the null in a
multiplicative model but not the independent effects of the genetic or environmetas far
their joint effects on the additive scale. When this design assumption is not met,imtiesiuced
into the case-only estimate of interaction (COR) [5]. Traditionallyg-casitrol studies have been

used to detect statistical interaction. The relationship between gemergnent interaction
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estimated by the case-only odds ratio and the same gene-environmentont@stichated by a

case-control study can be expressed as foll&gsdtion:

OR gene*env, case-only- ORgene*envr, case-contrJ(OR gene, case-contrdl OR envr, case-contr}l *Z

where Z is the association between the gene and the environmental exposurentrohgroup
of a case-control study [3]. The quantity [@Re+envr, case-contrd(OR gene, case-contrdi OR envr, case-
contro)] 1S Sometimes referred to as the synergy index on a multiplicative sc&8i#JonWhen
there is no association between the genetic exposure and the environmentakdrpbsur
population (i.e. Z=1), the COR is equivalent to the deviation from a multiplicativeoredhaip
between the genetic and environmental exposures (i.e. COR = SIM). Usinghibesaations,
the relationship can be expressed succinctlfEgsdtion 2:

COR =SIM * OR
where ORis the control only G-E odds ratio used to estimate Z, the underlying population G-E
association.

Data simulations have demonstrated that even small violations of the independence
assumption can strongly bias the case-only interaction parameter [5]. Ugsi lmodels,
Albert et. al. varied the magnitude of control group G-E association to explatd¢beof
independence assumption violation on case-only interaction estimates. As exjpected f
Equation 2 as values of ORncreased above the null, the COR was increasingly and
proportionally biased away from the SIM. Using data from a studR&¥Clgenotype and lung
cancer by Ratnasinghe et. al., Albert et. al. showed empirically thatipatode of ORequaled

the magnitude of bias introduced into the COR relative to the SIM due to violation of the
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independence assumption violation: ©R03 for genotype and pack-years of tobacco use
created a bias in the COR of 105% relative to the SIM [COR=0.90 (0.41,1.94), SIM= 0.44 (0.17,
1.16)] [126]. In another example, an OR 1.2 representing the association between genotype
and alcohol drinking status (ever/never) biased the COR by nearly 30%, whied®zce
commonly used threshold for an acceptable level of confounding bias (10%). Furthegnsolat
of the independence assumption may cause the Type Il error rate (falseeneégdte high.

When control-group G-E associations are of similar magnitude but opposite in directien t
interaction effect, a case-only study may fail to detect interactientsff5, 124]. Because the
case-only study has been suggested as a useful screening tool to idedtdgteagenes for
further investigation, a high Type Il error rate would be problematic. il has been done to
explore this possibility.

Although the validity of case-only estimates rests heavily on the independssumption,
and case-only studies, particularly stand-alone case-only studies, havedsamtages over
traditional study designs for interaction analysis, the literaturefgptcontrol group
associations of interest for interaction studies is scant. In the tratjpmmaation-based case-
control study cases and controls are sampled from the same underlying populatievetiow
many investigators use data from a different population than the casescante évaluate the
independence assumption. The assumption that Z=1 can only be evaluated if both exposures have
been measured in the same underlying population at risk or, in the context of a cadestuaytr
drawn from the population at risk, estimated by,@Rhe controls, [2] or finally, by a suitable
proxy for either of the preceding groups.

The current study aims to address at least one of the gaps in the existitigy &tdyy

contributing results from large population-based control associations. We exploeesihgeking
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control group associations in two population-based case-control studies, the Caexdista B
Cancer Study (CBCS) and the North Carolina Colon Cancer Study (NCCCS). Thelsi¢en
are often used to study gene-smoking interaction and/or smoking behavior. They ilnRglm S
DNA repair genes (repair of genetic damage from smoking), xenobiotibotista genes
(activation of procarcinogens and excretion of toxic intermediates), dnzj/clel control genes.
Both studies oversampled African Americans, and the NCCCS has both male amd femal
participants, so issues of effect modification and/or confounding by age, racended \gere
addressed. Finally, all genes were grouped by the function of the genayétley participated

in, and any patterns by pathway were noted.

2. Methods

Study populations
CBCSand NCCCS

Population-based controls from the CBCS and the NCCCS were used to estimfie OR
gene-smoking associations. The Carolina Breast Cancer Study and the &rofthaCColon
Cancer Study are population-based case-control studies conducted in central Kaimla Ca
during the mid- to late 1990’s which included urban, suburban and rural areas (CBCS:
Necases2311, Nontrois=2022; NCCCS: Nises646, Nontrois=1053) [175, 177-180]. CBCS controls
were pooled controls from Phase | (N=790), Phase Il (N=774) and the Carcmsitta(N=458)
study. The CBCS controls were not pooled with NCCCS controls. Both studies overesample
African Americans. CBCS controls are all female; NCCCS controls ratbadie male
participants. Potential controls were selected from NC Division of Motor \é=hiisits (<65 years
of age) and Health Care Financing Administration lists (>=65 yeage)f using randomized

recruitment and frequency matched on age, race and gender [181]. CBCS pisticgra
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approximately half African American and half <50 years of age. NCCCigipartts were
sampled such that the race, age and gender distribution of randomly selectésl cases
approximately 1:1 for gender and race. The CBCS and NCCCS used similar questsozimeir
both have extensive data on tobacco smoking history.

A sample of polymorphisms was chosen from available genotype data in the CBCS and
NCCCS based on potential relevance to smoking behavior and/or other smokirdjhreédtie
effects. Genes selected form the CBCS were xenobiotic metaboliss(@afielAl, GSTM1,
GSTP1, GSTT1, NAT1, NAT2, COMDNA repair genes (Base excision repAiPE 148,
hOGG1, MYH, XRCCDouble strand break repaiBRCA2, NBS1, XRCC2, XRCC3, XRCC4
Mismatch repair-MGMT, Nucleotide excision repaiERCC1, ERCC6, RAD23B, XPC, XPD,
XPF, XPQ, oxidative stress defense genesmEOD, MPO, NQOJ a cell adhesion gen€DH1)
and a growth factors gen€GFB1). NCCCS genes included: xenobiotic metabolism genes
(GSTM1, GSTT1, MEKIDNA repair genes (Base excision repAlRPRT, ADPRTL2, APE 148,
XRCC1 Double strand break repaiNBS1, XRCC3Mismatch repair-MLH1, MSH3, MSH6
Nucleotide excision repaiRAD23B, XPC, XPD, XPF, XPGand an oxidative stress defense gene
(MnSOD. Methods of collection and genotyping have been described previously [68, 171, 193-
203, 268].

Statistical methods

Hardy Weinberg equilibrium was testedva0.05 for all polymorphisms exce@STM1,
GSTT1, NATAndNAT2 Estimates of ORand 95% confidence intervals were generated using
logistic regression with a dichotomous representation of the genetic variable {lgonme for
common allele=referent [G-], heterozygous + homozygous for less commoratietsed [G+])

as the dependent variable. A single model of the general form logit (G+éG- By E1 + B (21
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COQOV (2 + error (where G+= positive for genetic variant, E+=positive for the smdlahgvior,
COV=any additional covariates) was used for all SNPs. Those homozygolus foo$t common
allele (*no variant”) were the referent group (G-) and were compareddmbggotes plus
homozygotes for the less common allele (G+, “any variant”).

In the CBCS and NCCCS smoking status was categorized as ever, formermr curre
smoker. Three measures of smoking dose were used: duration (<10 years, 11-2@2§ega(s),
intensity (<1/2 pack/day, 1/2-1 pack/day, >1 pack/day) and pack-years (PY: <33%FY).
Pack-years were derived from categorical variables used for packaftiggars smoked (pack-
years are equal to the midpoint of the category for number of years smokedieauittipthe
midpoint of the category for number of packs smoked/day).

Each dataset was evaluated for,@Rect measure modification using stratification on
race (white, African American), age (CBCS: <50y, >= 50y; NCC£B5y, >65y) and gender
(NCCCS only), respectively. Based on directed acyclic graphs [209], andttitas as matching
factors, age (continuous), race (white or African American) and gend€&@qS©@nly) were
included as potential confounders of the gene-smoking relationship. In order to deeibdento
stratify analyses on race, a likelihood ratio test was performed compaoidels with and without
a race*smoking interaction term. Significant results for the interaction(tex0.05) in a majority
of smoking measures precluded pooling African American and non-African Aangarticipants
for that SNP. Because sample size was often low for African AmericansgeeogORs on
opposite sides of the null) was also examined to better characterize argndéfteby race.

Although matching procedures were based on projected case incidence, and neEases w
used in the current analysis, the matching process distorted the prevaldrese dactors in the

underlying population, potentially affecting gene-smoking estimateseqaestly we adjusted for
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all matching factors (race, age and gender). Based on DAGs, two additionalesanabs
evaluated as potential confounders: first degree family history of angr¢camxcluding non-
melanoma skin cancer (Y/N) and total family income (<$15K, >=$15K-<$30K, >=$30K-<$50K,
>=$50K). Percent change fincoefficients was calculated but not used to determine whether a
covariate would be retained in the model; because of the high proportion of estohae to the
null (Range in CBCS: 0.5-2.5, NCCCS: 0.6-1.6) this commonly used criterion was not
sufficiently informative. A potential confounder was retained if the absehite of difference
between smoking variabfecoefficients from models with and without the potential confounder
was > 0.15 (i.e. wherp|coefficient for smoking from model with potential confound@r —
coefficient for smoking from model without potential confounder| >0.15 covariat@ised).

For consistency, if a covariate met this criterion for any polymorphmoking estimate, it was
retained in all models. After assessment of effect measure modificatd confounding, an
association was characterized by magnitude of ©&ds ratios >=1.4 or <0.7 were considered
evidence of non-null association) and precision of the accompanying confidencalinterv
Estimates with confidence limit ratios >4 (CLR, upper CI limit/lowétimit) were excluded

from consideration unless otherwise stated. SAS 9.1 was used for all modeling [210].

After assessing the CBCS and NCCCS datasets separately, agreegmeen ke two
studies was assessed for the 15 polymorphisms included in both studies using al\Wwejybae
statistic [211]. The weighted kappa measures the degree of agreemeenldgtover more raters
that are using a multi-level ordinal scale to categorize a seriebjetts, beyond what would be
expected due to chance alone. Here the raters were the CBCS and NCCCS, ancettig™slibj
agreement were the 15 gene-smoking associations measured by both studmas €Regorized

into three categories: 1) below the null, K9, 2) null, 0.9<=0K=1.1 and 3) above the null,
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OR>1.1. With the weighted statistic disagreement between 2 adjacent categooasidered
less important than disagreement between ratings further apart on the scdlaaBecause
distributions of race, age and gender differed across the two studies, restrigsetdsdaere
created and compared. These datasets were restricted to white women 4604 gge. Due to
reduced sample size in the NCCCS restricted dataset precision requiresrentslaxed
(estimates with CLR <5 were included) to provide sufficient estinfatess comparison of most
polymorphisms and several major smoking behaviors. SAS 9.1 was used to calcglatedve
kappa statistics [210].

Misspecification of smoking exposure occurs when the independence assumption is
evaluated with one measure of smoking (e.g. ever-never) but the case-onlisanagsgormed
on a different measure of smoking (e.g. duration of smoking). Any difference,ibediReen
smoking measures leads to undetected bias in the COR. We examined the frefuency
differences in OB for smoking status (ever-never, current-not current smoking) and measures of
smoking amount (duration, intensity and PY). We also compared the consequence dieusing t
value for OR(95%CI) vs. using the magnitude of Q&S a decision tool when evaluating the

independence assumption.

3. Results

The study populations used in this analysis were drawn from largely overlapping sourc
populations of white and African American residents of central and eastain@&olina.
Although the underlying source population is essentially the same, the two pophtsenhstudy
populations varied substantially by gender and sample size due to sampliig @rébte V.B.1).
CBCS cases in Phases | and Il were diagnosed with invasive breast cahCé$ @ases had

breast carcinoma in situ. The invasive study oversampled women <50 years od dgecan
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American women; CIS did not. Controls were frequency-matched by race atid-aggears) to
the respective case groups. Response rates were 55% overall for Ph898s1PO6) and Il
(1996-2001), and 65.2% for CIS (1996-2001) [178, 193, 269]. The overall response rate for the
pooled CBCS controls was 57% (N=2022). The response rate for DNA samples was 90%.
Prevalence of current smoking was similar across CBCS control subgroups PH2%, Phase
lI: 19%) and the CIS (17%). CIS controls were slightly older than invasidy sontrols
(Median age: Phase | 49y, Phase Il 50y, CIS 53y). Controls from the NCCCS8lderthan
CBCS controls and included both men and women. Consistent with gender and age differences in
smoking prevalence in the US [270-271], there were a higher proportion of never smokers and a
shorter average smoking duration in CBCS controls compared to the NCCCS.

Table V.B.2 provides the rs# and official name for each SNP included in the ana$ysi
well noting the most common allele for each in the CBCS and NCCCS datasets. Thencomm
allele for the full dataset was used as the referent even when the coneteoditiéred by race.
SNPs where the common allele differed by race are noted in Table V.Bl& @BCS, 38
polymorphisms in 29 genes were evaluated; 17 genes were DNA repair genlkes.NGQCS, 25
polymorphisms and four haplotypes from 19 genes were evaluated. Fifteen gen&Nm
repair genes. For the 15 polymorphisms included in both studies, two were in metaiediclge
were in nine DNA repair genes, and one was in an oxidative stress gene.

Allele frequencies and HWE p-values for CBCS and NCCCS controls, stidtiirace,
are presented in Table VIII.B.1. Within race only four SNPs (3%) were out diyMéeinberg
equilibrium @=0.05), two in CBCS control<C{YP1Alin non-African AmericanS{RCC3 241n
African Americans) and two in NCCCS contro®AD23BandXPF 415 in non-African

Americans) approximately what one would expect by chance alone. HWE can atitlated
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for GSTM1, GSTT1, NATdAndNAT2because these polymorphisms are categorized by enzymatic
activity (present or absent [null] f@STs; rapid or slow foNATS) rather than as discrete alleles.

Percent ‘any variant’ was consistent between the CBCS and NCCCS wiginh@asole
exception wassSTT1(CBCS: 16.4% and 16.6% null, in non-African Americans and African
Americans, respectively; NCCCS: 29.6% and 33.3% null, in non-African AmeriocdnAfacan
Americans, respectively). Tables 4a-d and 5a-d present overall and racendigender-
stratified ORfor CBCS and NCCCS, respectively. All results are adjusted for race, age
[continuous] and gender unless stratified by same. A}l €bRiciently precise for evaluation
(CLR <4) were between 0.4 and 2.5.

All models were adjusted for matching variables (race, age and gendes) strégified or
restricted by same. Approximately half of the polymorphisms showed joint confoundnage
and age (difference of |>0.15|fdrcoefficients), almost entirely former smoking and/or >35 PY in
the CBCS, although no absolute differenc@ coefficients exceeded 0.4 for @Rv CLR <4.
Unadjusted and race-, age-, and gender-adjusted estimates did not vary sliyp stathiéa
NCCCS. Confounding by race and age were more marked in measures of smoking dose than
smoking status, but did not vary by functional gene category. Based on directedgraphs
[209], family history of any cancer and family income were identifiedoésnpial confounders,
but neither changed estimates substantially in either dataset. They werdudsgd in any
models.

CBCS

In the CBCS overall, three SNPs showed consistency across smoking categbries

moderate OB (defined as an QR=1.4 or <=0.7) in at least one smoking status category (ever,

former or current) and at least one smoking dose category (duration, intensiti-yepes):
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CYP1AIM2, GSTP1landXPF 662 (Tables 4a-d). An additional five SNPs had two or more
moderate OB in any smoking categorfCOMT, CDH1, XRCC194, BRCA2372, andMGMT
84. Finally, two SNPLCYP1A1IM4 andERCC61213, showed moderate 3Rn more than one
level of a single measure of smoking behavior (e.g. moderate i@Rvo levels of smoking
duration but no other measures of smoking). Only estimates with a CLR < 4 werkeoehsi
precise enough for evaluation.

Xenobiotic metabolizing genes were slightly overrepresented among thesBdiiag
moderate associations with smoking behavior (Range: 0.5 - 2.5). DNA repair geaes wer
overrepresented among the weaker associations (0.7-1.6). Among the metabods@YyP 1Al
M2 was positively associated with smoking status and <35 PY (vs. never). No ottk@éngm
categories were evaluable ¥ P1A1IM2 due to low precisionlGSTP1was positively associated
with former, short duration, moderate intensity and low PY of smoking but inverselyahsdoc
with current smoking and high PY of smokinGOMT was inversely associated with high
intensity and >35 PY of smoking, but not with any measures of smoking status. Among DNA
repair genesXPF 662,XRCC1194,BRCA2372, andMGMT 84 showed associations with
smoking behavior particularly for measures of smoking amount (duration, dose.oOPYe 21
evaluable DNA repair genes, six were associated with high PY, with fournf(BRCC61230,
ERCC18092 andXRCC4-28073,MnSOD associated only with PY but not smoking status,
duration or intensity.

Within smoking categories, one SNP showed a moderate magnityder@®Rer smoking
(CYP1A1IM2); one other metabolism gene and two DNA repair genes (both NER) showed
moderate associations with current smoking. For duration, two metabolism SSPBJand

NATJ) and two DNA repair SNPOGG1andXRCC1194) had moderate magnitude SRor
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<10yrs and three others had moderate magnituds f0R11-20 yearsBRCA2372,XPF 662, and
CDH1). Only one SNP was associated with the longest duration of smokBNIT 84). Eleven
SNPs were associated with either low or high PY, including five that were wctaissl with any
other measure of smoking.

When the CBCS OR were stratified by race, there was little evidence of heterdgenei
nor did any strong patterns by race emerge. Using p-values to evaleatarefbsure
modification by race, approximately 6% of the likelihood ratio tests for asao&ing interaction
term were significant ai=0.05, about what would be expected by chance. There was no pattern
of significant interaction by race for any given smoking measure. RQI@1was significant for
interaction for more than one smoking measure; @fkered significantly for all smoking
measures and was inverse for African Americans and positive for non-Afrroancans.

To further highlight more extreme differences, we examined crossoves (DRpposite
sides of the null) to evaluate effect measure modification by race. Sevé&hsbawed
substantial variation by race in at least one smoking cateG&Vy 11, COMT, XRCCI194,NBS1
185,XRCC4-28073 ERCC18092 andNQO1). GSTT1landCOMT were inverse in whites and
positive in African Americans. For SNPs that varied by race, the directi@saéiation for each
stratum was consistent across smoking categories. When estimatesatifiexidy age (< 50 yr,
>=50 yrs) there was minor variation; it was consistently less than variagirace.

Misspecification of smoking exposure (i.e. using status to evaluate the independenc
assumption then conducting a case-only analysis of a smoking amount measuyb) atiected
the frequency that bias would be introduced into the COR. In the CBCS, for smoking Iséatus, t
were four SNPs with positive moderate magnitudesJRYP1A1M2 for ever smokingCYP1Al

M4, ERCC61213, andXPF 662 for current smoking). For smoking amounts (duration, intensity
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or PY), nine had positive moderate magnitudegRable V.B.9). However, of these nine SNPs,
only one also had a positive moderate magnitudgs @R smoking statusYP1A1M2). One

SNP with an inverse moderate magnitude, @R smoking statusgSTPland current smoking)
showed largely inverse moderate magnitudesd& smoking amounts. None of the other six
SNPs with inverse moderate magnitude,©fr any measure of smoking amount had moderate
magnitude OB for smoking status.

Using the magnitude of QRs an indicator of independence assumption violation
identified more instances that bias would be introduced into the COR than using siggifica
testing. Of the 22 positive moderate magnitudedRthe CBCS, nine were statistically
significant atu=0.05. There were three statistically significant positive<aR smaller magnitude.
There were 11 inverse QRof moderate magnitude, six of which were statistically significant.
One smaller magnitude QRas statistically significant.

NCCCS

In the NCCCS controls, using the same criteria for moderate magnitudeatiescas
listed for the CBCS, five SNPs in four genbeH 113,MEH 139,GSTM1, POLD1119,MSH3
940) and three haplotypes@5T, were moderately associated with smoking behavior (Tables 5a-
d). MEH 113 andVEH 139 were both inversely associated with smoking for at least one smoking
status category and one smoking amount category. The bulk of moderats @R metabolic
genes can be attributed to the two SNPs irvtB&l gene.POLD1119, a DNA repair gene, was
most consistently associated with smoking across categories. Weak andéstisagassociations
were found foiXPC939,XRCC1194,XRCC3241,XPD751 andMISH639. As in the CBCS,
metabolism genes were overrepresented in the stronger associatiors/AanepBir genes in the

weaker associations. Associations between minor alleles for metabolBma®N smoking were
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consistently inverse whereas association between smoking and DNA repain®ShiFoth
positive and inverse.

Within smoking categories, three of the four metabolism gene SB¥EN1, MEH113 &
139) were inversely associated with smoking status (ever, former or cuneking); three DNA
repair SNPs showed moderate magnitude inverss @Rsmoking status (ever & current
smoking:POLD 119, current smokingMSH3940 andMSH639). Short and moderate duration
smoking showed both positive and inverse,;®hereas the QRor smoking >20 yrs was near
the null for all SNPs exceMEH 139. All measures of amount (duration, intensity and PY)
showed some clustering of positive associations in MMR and NER DNA repas,gerd inverse
associations for metabolic genes and BER DNA repair genes. Only ondSAP 119) showed
an association with low PY, although there were six associated with highleA 113, MEH
139,POLD 119,MSH31036,XPC 499 andXPC939), two of which had no association with any
other smoking measur&SH31036,XPC 499).

When the data were stratified by gender, estimates for ever smoking \gbtky stiore
likely to be positive or more strongly positive for women than for men, although thisovasie
for other measures of smoking status. Results were similar for smokingpdura@ly, however
low precision in estimates for short and moderate duration meant few comparissssgander
could be made. For smoking intensity, stratification by gender producedadissscon opposite
sides of the null more often than for other smoking categories although precisted lim
comparisons for the heaviest smokers. For low PY, estimates for women werenagaiikely to
be positive, or more strongly positive, than estimates for men. High PY could notilegteda
Only MSH3940 differed significantly by gender across more than one smoking measui®. OR

for ever, duration and PY were higher among women than men when positive or closer to the null
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when inverseMSH31036 showed the same pattern however the LRT for gender was not
significant for any measure of smokingua.05.

No strong patterns emerged after stratification by race, althoughatssimere often on
opposite sides but still close to the null. The exceptionG&ET lwhere stratification by race
produced moderate inverse associations in whites and moderate positive assatiAfioren
Americans for most evaluable smoking measures (ever, current, and intdResylxs for
duration and high PY were generally not evaluable by race due to poor precision. idppebx
3% of the likelihood ratio tests for a race-smoking interaction term werdisagiata=0.05,
about what would be expected by chance. There was no pattern of significantiamtdrnacace
for any given smoking measui®STT1was the only gene with more than one statistically
significant (ata=0.05) race*smoking interaction term: ever smoking, never/former/current
smoking and PY; it was generally positive for African Americans and inversen-African
Americans. Where evaluable, stratification by age (<65y, >=65y) yi€)des that were more
similar across strata than gender- or race-stratifiegs OR

The effect of misspecification of the smoking variable in the independence assuwg
assessed as in the CBCS (Table V.B.9). In the NCCCS, for smoking status,eieesexvENPs
with moderate magnitude @R all inverseNEH 113,POLD 119 with ever smoking;STM1
null, MEH 139,MSH3940, andMSH6 39 with current smoking). Three of the faBET
haplotypes showed moderate magnitudeOfRth smoking status. For smoking amount, there
were 11 SNPs or haplotypes with positive moderate magnitude associations; onlyd ahow
similar result for smoking status. Only half of the SNPs with inverse modeeaeitude OB
for any smoking amount measure category also had inverse moderate maQRis e

smoking status (5 of 9).
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In the NCCCS, there were 22 positive moderate magnituds; @Ree were statistically
significant. Of the 35 inverse moderate magnitudesD§tx were statistically significant. There
were no statistically significant QRbetween 0.7 and 1.4.

CBCSand NCCCS

Comparing CBCS and NCCCS results for the 15 SNPs measured in both studies (Table
V.B.6), no SNP had OR>=1.4 or <=0.7 in both studies. With the null defined as between 0.9-1.1
(inclusive), the weighted kappa for agreement was -0.07 (95% CI: -0.19, 0.06), inditghhg s
disagreement (Table V.B.10) [212]. When CBCS and NCCCS datasets viectekto white
women 40-74 years of age to improve comparability (Table V.B.7), results werevathlyable in
the NCCCS for ever, former, long duration, moderate intensity and low PY of smoking, for 13 o
fewer SNPs, even with the limits for precision relaxed to include estiméte€iR <5. Under
these conditions, the kappa for agreement was 0.22 (95% CI: -0.01, 0.46), usually considered
slight agreement [212]. Changing the definition of the null to 0.8-1.2 (inclusive) adinglall

data regardless of CLR did not change results.

4. Discussion

The aim of the current project was to assess the magnitude of associatimente
convenience sample of SNPs in two population-based control groups and multiple snefasure
smoking behavior. The primary motivation was to evaluate any gene-smokin&sssdn
light of the bias that would be introduced into a case-only analysis of generengint
interaction when the independence assumption is violated.

Odds ratios for the control groups (8Rin the current study were of moderate magnitude
[>=1.4 or <=0.7] in at least one of the six smoking behavior measures for approyxinadteif

the SNPs examined in each of these population-based control groups (CBCS: 45%, NCCCS
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59%). This analysis focused on this magnitude of association because ah>3R.4 would
inflate the corresponding SIM (interaction term from a case-control stifigpsitive, by >=40%.
This is a substantive degree of bias in most contexts and could easily misleethezseato
concluding G-E interaction exists when it doesn’t or that G-E interaction is stranger than it
actually is. Alternatively, G-E interaction may be missed completemvihe SIM is inverse and
the OR is positive. The converse is true for @R=0.7. These moderate magnitudeORere
found across all functional categories of putative gene function. For most &/ gene SNPs,
particularly BER and DSB genes, both studies showed a preponderance of modgnétedma
ORs in categories of smoking dose (pack/day, years smoked or PY) rather than snablgg st
(ever, former, current). In contrast, metabolic gene SNPs had moderatiéutadRs in both
status and dose measures. There were too few SNPs in other functional categirserve any
patterns.
Metabolic genes and smoking behavior

There is an extensive epidemiologic literature on smoking and metabolic genekpfe
coding for enzymes that metabolize nicotine or other tobacco smoke constituents such a
polycyclic aromatic hydrocarbons (PAH)] [145-146]. Variation in these genesltearenzyme
activity, regulation or expression [144] plausibly increasing or decredskgf disease or
influencing smoking behaviors, such as the number cigarettes consumed dagdssasya
smoker. Of the seven metabolic genes included the CBCS dat&C e AL, GSTM1, GSTP1,
NAT1andCOMT) showed moderate association in at least one measure of smoking. Only
CYP1Alwas moderately associated with ever smoking. In the NCCCS, all thrdeofitetgenes

(GSTM1 GSTT1 andMEH) showed moderate association with at least one measure of smoking.
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The COMTVall58Met SNP (rs4680) is the only SNP in the current study that has been
extensively studied with respect to its possible influence on smoking behavior, [®&ltsR
have been equivocal with two recent large population-based European studies comiegetat diff
conclusions [148-149]. Omdivar et. al. found a 20% reduction in incident smoking cessation for
carriers of the low activity form of the allele (Met carrier$jereas Breitling et. al. found no
association [OR=0.97 (0.83, 1.12)]. Results from the CBCS were consistent with Mascar
having slightly reduced duration and PY of smoking ££8R0 and 0.5 for <=35PY and >35PY;
OR=1.0, 0.8 and 0.8 for <10y, 11-20y and >20y, respectively).

ForCYP1A1 Chen et. al. demonstrated that having at leasCMRRLAT2A allele was
associated with smoking reduction and increased quitting during pregnancy [2.2(1r@J4.6) a
1.7(2.0,2.9), respectively] [150]. CBCS results for women <50y were consistbritigher
quitting for those with an M1 allele. (QRL.5 and 1.1, former and current smoking, respectively).
For GSTM1 Chen et. al. found no association betw&&TM1null and less smoking, whereas
results from the NCCCS showed less smokingA{foRwomen=1.6, 0.7 and 1.0 for <1/2
pack/day, ¥2-1 pk/day and >1 pk/day, respectively). Findingg&¥rP1, GSTTandMEH have
not been reported previously.

DNA repair genes and smoking

Studies that have examined DNA repair genes and smoking behavior are scarce. The
population-based candidate gene study of habitual smoking by Lui et. al inclvdeal 88NA
repair genes in addition to the metabolic genes discussed earlier [64]. Agasany@R presented
only for statistically significant DNA repair gene SNPs. Only one wake current studyDGG1
[OR; =0.6 (0.4, 1.0) for ever smoking]. There was no association with ever smoking for the

OGG1SNP in the CBCS [OR=1.0 (0.9, 1.3)].
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A recent meta-analysis of gene-smoking association ass€B€&01399, 194 and 280.
Several of the summary GRwere of moderate magnitude (SR1.4 or <=0.7):XRCC1194 and
longer duration OR=0.7 (0.5, 0.9)XRCC1280 and current smoking @R0.7 (0.5, 1.1), and
XRCC1399 and greater intensity @R..5(1.2, 1.9). Summary estimates included CBCS data;
however, the control group data from the other included studies were consistent @Bhr&ilts
[224, 233, 260, 262, 272-275]. Findings for the other DNA repair SNPs in the CBCS and NCCCS
[XPF, MSH3(stratified by gender), arflOLD1] have not been reported previously.

Two SNPs in the current project varied strongly by ral&@D1andGSTT1 ForNQOJ, an
oxidative stress response gene,@Rs consistently positive in non-African Americans, and
inverse among African Americans, notably for current smoking, {@Rhon-African
American=1.4, African American=0.7) and smoking >20 y {@R non-African American=1.4,
African American=0.6).NQOLlis thought to be a susceptibility factor for coronary heart disease,
and cancer, particularly with environmental exposures such as smoking and bersgesttively
[276-277]. In contrastGSTT1 a Phase 2 metabolic gene, was generally inverse for non-African
Americans and positive for African Americans. A number of the relevant expdsugebenzene,
pesticides, quinone-based chemotherapy) may differ by race or SES, and couldygbeusibl
related to changes in smoking behavior that vary by race.

Smoking behavior in controls

Several SNPs in the CBCS and NCCCS stood out with moderate magnitiglen@R
least one status category and at least one level of a dose measure (pgekfdagmoked, PY).
In the CBCS these wer€YP1A1IM2 (positive),GSTP1(positive & inverse), andPF 662

(positive). In the NCCCS five SNPs had comparable sigidisH 113 and 139GSTM1 POLD1
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119, andVISH3940. The metabolic genes generally had inversgs R didPOLD1119, a DNA
repair gene POLD1 119 showed the most consistent results across smoking measures.

In the CBCSCOMT, CDH1, XRCC194,BRCA2372, andMGMT 84 showed moderate
associations in more then one smoking mea€liy&1A1M4 andERCC61213 showed
association in more than one level of a single smoking measure. In the NEG€Z& genes also
showed weaker signal{PC939,XRCC1194,XRCC3241,XPD 751 andMSH639.

Even given the wealth of smoking behaviors, genetic variations and populations studied,
and the biological plausibility of smoking behavior being influenced by toxic ieidiates in
xenobiotic metabolism pathways, it is difficult to find studies of smoking in cordgrgispulation
samples to compare with the current study [54, 64, 125] (Table V.B.8). Smits et. al. uged pool
control group data from the International Collaborative Study on Genetic Sudagabi
Environmental Carcinogens (GSEC) to estimatesdfetween polymorphisms in five metabolic
genesCYP 1A1GSTT1GSTM1 GSTPl1andNAT?2 and six measures of smoking (ever, former,
current, cig/day, years smoked and PY) (Table V.B.8). Total sample sigacloigene varied
(GSTM1 N=10,719 tdGSTP1 N=2,792); however, less than half of controls had information on
smoking amount. Results were adjusted for study, age, sex and ethnicity. Resdsddive
genes and smoking status were most often at or near the null. Overall, theyoadhg &imilar
to CBCS and NCCCS results, even though controls pooled across multiple studies would not
necessarily be expected to have an 8iRilar to that of any given study. Despite this, there were
differences that have implications for the validity and interpretations#-oaly interaction
estimates. For example, in GSEC controls the overallf@R5STP1and current smoking was
just above the null, but in the CBCS it was below the null. For female GSEC controls, twaOR

similar to the CBCS, but the QRr non-hospital controls was above the null. GSEC and CBCS
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ORs for GSTP1were even further apart for former smokers (Table V.B.8). VariatiorRin O
between pooled controls from small to moderate sized studies (GSEC) and thiatiwelydarge
population-based control groups in the current study, as well as the variatioerbstwgroups in
the pooled controls, suggest that the,GRould be considered specific to each underlying
population rather than an estimate of some ‘universal fOiRthat SNP and smoking measure.
The GSTP1results, in particular, imply that increasing sample size by pooling is natisoffto
compensate for lack of controls from the relevant underlying population.

Finally, in the largest population-based candidate gene study of smoking {dlda89),

Lui et. al. examined a panel of 153 SNPs in 40 candidate genes potentially involved in tobacco
consumption in a sample of Japanese men 40-49 years of age [64]. Lui et. al. fourghstgnifi
associations for 14 SNPs and current smoking (referent=not current smokes)w&g

presented only when statistically significant. The,@R MEH was consistent with NCCCS
although the specific SNPs were different: MEH rs2292566 [64}=QR (0.2, 0.8)];MEH 113

& 139 (NCCCS): OR=0.8 (0.5, 1.1) and 0.6 (0.4, 0.9) respectively].

In an evaluation of the independence assumption for gene-smoking association®la contr
Hamajima et. el. [125] calculated &B5%CI) in four published control groups [278-281] for ever
smoking and SNPs i@YP2E1, NAT2andCYP1A1 None of the OR were significant at=0.10,
however, the magnitude of GRranged from 2.30YP2E) to 0.6 CYP2E); OR,s forNAT2
(slow) andCYP1A1(M2) were 0.6 and 0.7, respectively. Although the authors noted that the
magnitude of the ORvas the amount of bias introduced into the COR, they concluded, on the
basis of statistical significance, that these SNPs could be used with smmo&ingse-only study

of interaction.
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In the literature, quantitative approaches have ultimately relied almdasisely on
statistical significance regardless of whether the independence assumgs being evaluated in
a control group from the same study population as the cases or in ancillanyedat@# external
to the published study),. For instance, in Egan et. al. (2003) the magnitude of gene-environment
associations varied from 0.5 to 1.1, and in Marcus et. al. (2000), it was 0.5 to 1.8, nonetheless the
only associations considered problematic were the statisticallyisagtibnes ones [21, 52]. This
is in contrast to methods of assessing bias in common practice, where theideaghihe change
in the estimate of interest is of primary concern [214].

Implications for case-only studies

Based on the magnitude of the gene-smoking associations observed in the CBCS and
NCCCS (OR>=1.4 or <=0.7), a case-only interaction estimate would be biased for at least one
level of smoking behavior in at least one of the six measures examined (ever, tomment,
cig/day [3 level], years smoked [3 level], PY [2 level]) for approximatelfydiahe SNPs
examined in these population-based control groups (CBCS: 45%, NCCCS: 59%). For most
functional categories except metabolism gene SNPs, moderate magritisdedede most often
found for measures of smoking dose (cig/day, years smoked, PY) rather than snas(eser,
former, current). These results need to be replicated in other population-baseldseiets or
other relevant samples.

Nonetheless, some implications for the conduct of case-only studies are cledndgsm
status measures are more easily extracted from the published litéaturaeasures of smoking
amount. Consequently, ever-never and current-not current smoker are most often uséd to chec
the independence assumption (Hodgson in preparation). Results from the current stuthashow

the magnitude of OHs not reliably close to the null for many of these SNPs, making them
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unsuitable for a case-only interaction analysis. These results alsg sleanl that for many

SNPs evaluating the independence assumption using smoking status is insuffidemte2oif no
association for measures of smoking amount such as duration, intensity and PY stivesnafa
interest for many case-only analyses. Very few SNPs with modegaapeitorde ORs in any
category of smoking amount had comparable magnitudse @Rmeasures of smoking status in
either control group (CBCS: 25%, NCCCS: 13%). Similarly, making a decisieql sately on

the p-value of ORwould result in approximately half of the moderate magnitude association in
the CBCS controls being missed and around 80% of the moderate magnitisde @ NCCCS
being missed. This was observed across all gene categories in both control groups
Strengths and Limitations

The primary strengths of this study are the population-based design and saelbes
independence assumption for case-only analyses is a large sample assuntpgeneiha
specifically to G-E associations in the population that underlies the sangases. Using a
control group rather than a population sample meant that the true parameter (RRz) gdugd onl
estimated; ORwas a proxy for RRz. However, @R the information most easily available in the
literature, and most often used to evaluate the independence assumption, making it the mos
relevant measure to examine to inform the practice of case-only study design.

We were able to use individual level data such as race, gender and age to check for
potential effect measure modification and confounding, something not generalhjeodsen
checking the independence assumption using the published literature. Genotymapecvalies
by race for many metabolic and DNA repair genes; smoking behaviors vargehygeamder and
age [270-271, 282-283]. Consequently it is important to be able to address the effect of race,

gender and age on the gene-smoking association when evaluating the indepesdemgigoas
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Both studies had information on smoking intensity, duration and PY, often the exposures of
interest in a case-only interaction analysis, but not often available in theheghliterature, at
least for controls. Both the CBCS and NCCCS oversampled African Americansgsakigroup
analyses by race feasible for most SNPs. The CBCS and NCCCS are dravess$entially the
same underlying population: largely overlapping geographic areas, during apgtedyithe same
time period, using the same sampling methods, enhancing comparability of the twb contr
groups. Because the current study was a convenience sample of SNPs odlgosslyfor their
relevance to two different cancers, there were a limited number of SN&$eihén both studies.
A further limitation was that for African American women 40-74 years ofratjee NCCCS, very
few SNPs and smoking measures meet our precision criteria thus it was noleossssess
agreement between the two studies for this restricted group.

Selection bias could have distorted the true gene-smoking relationship in the céntrols i
joint smoking and genetic status are associated with reduced or increasapdgpiarti rates. Bias
due to nonpatrticipation by smoking status alone may be non-differential witlctrésplee gene-
smoking association because potential participants are unaware of theiragjeshe-giwever if
participation rates also vary by family history (or any proxy for GR; ®Would be driven away
from the true ORin an unpredictable direction, depending on the participation rates of smokers
with or without a family history (e.g. if smokers with a family history afaa refuse
participation more often than other groups, a true positived@&d be driven downward, even
below the null, but if the non-participation rate in smokers with no family hist@yes higher
the ORwill increase away from the null). However, the population prevalence of current
smoking in the CBCS (20%) was similar to NC women in the 2001 BRFSS (23%), while forme

smokers and never smokers, respectively, are only slightly over- and undésergpd in the
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CBCS (CBCS: 29%, BRFSS: 20%, CBCS: 51%, BRFSS: 57%) [195, 271], arguing thabselecti
bias due to the joint distribution of smoking and gene status is likely to be small.

The precise biological functions of most of the SNPs in this study were unknowmdimit
causal interpretations of any associations found. Population stratificatithr@ave caused some
residual confounding despite adjustment for self-reported race. Any agstc@iuld have been
due to chance or to polymorphisms in linkage disequilibrium with the assayed polymorphisms.
Linkage disequilibrium can vary across ethnicities; however, with the one excep®on not
(NQOJ), results did not vary substantively by race. Additionally, agreement wasustigolsy
enhanced when the CBCS and NCCCS datasets were restricted by gended eaye df the
SNP-smoking associations in the control groups were due entirely to chaeesnagt would not
be expected to improve solely due to restriction by race, age and gender.

Conclusions

Our findings show that the gene-smoking SR population controls are often of
sufficient magnitude that these associations would produce unacceptable biasOirtiveaC
case-only study of GxE interaction. Thus, caution is warranted when using thenasesthod.

A stand-alone case-only study should be conducted only when the independence @ssampti
be verified with appropriate empirical data. Appropriate data means either tpmps|aecific
data or, if sufficient published data are available;SOKthin a narrow, pre-specified range of
acceptable bias, across a wide variety of population-based studies. This datkedfoeevery
smoking metric that proposed for the case-only analyses. In the short teouldtbe extremely
useful to have more detailed control group information available from large populatexh-bas
studies for a variety of genes. Specifically, it would be useful to have mored et@a on

smoking metrics (duration, intensity, etc.) than is usually presented, ideatlfiexi by race and
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gender. Given that many studies already collect much more detailed informatsmoking
behavior in controls than is actually presented in a paper, these data coivdlyetasily be
archived as supplemental tables online. Other exposures whose effect mightfiedrbedi
genetic variation (e.g. air pollution, infectious diseases, alcohol consumptiorgtbleeapeutics)

should also be examined.
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5. Tables and Figures

TableV.B.1. Characteristics of CBCS and NCCCS control groups

zLT

Total N
Gender
Female
Male
Race
White*
African American
Age at selection (years)
Mean +/-SD
Median
Range
Smoking behavior
Smoking Status
Never
Former
Current

Duration (years)
<10

11-20

>20

Full CBCSand NCCCS

Non-African American women, 40-74y

CBCS NCCCS CBCS NCCCS
N % N % N % N %
2022 1053 1107 222
2022 100 535 50.8 1107 100 222 100
0 518 49.2 0 0
1234 61.0 616 58.5 1107 100 222 100
788 39.0 437 41.5 0 0
52.6 +/-11.2 66.1+/-9.5 55.1+/- 10.0 63.5+/-8.2
50 68 53 66
21-74 40-81 40-74 41-74
1087 53.8 450 42.9 558 50.4 119 53.6
547 27.1 412 39.2 344 31.1 76 34.2
388 19.2 188 17.9 205 18.5 27 12.2
2022 1050 1107 222
271 29.1 128 21.4 143 15.0 30 29.4
235 25.3 130 21.7 265 27.8 18 17.6
424 45.6 340 56.9 546 57.2 54 52.9
930 598 954 102



7.1

TableV.B.1. Characteristics of CBCS and NCCCS control groups (continued)

Full CBCSand NCCCS

Non-African American women, 40-74y

CBCS NCCCS CBCS NCCCS
N % N % N % N %
Intensity (pack/day)
<1/2 329 354 188 31.6 161 29.5 31 30.1
1/2-1 324 34.8 223 375 189 34.7 42 40.8
>1 277 29.8 184 30.9 195 35.8 30 29.1
930 595 545 103
Pack-years?
N 925 593 542 102
Mean +/- SD 17.5 +/-17.3 27.1+/-27 20.7+/-18.3 26.3+/-27.4
Median 11.6 18.8 19.1 21
Range 0.1-80 0.1-137.5 79.8 124.8
<=35 pack-years 783 84.6 424 71.5 431 79.5 71 69.6
>35 pack-years 142 154 169 28.5 111 20.5 31 30.4
925 593 542 102

Abbreviations: CBCS=Carolina Breast Cancer Study, NCCCS=North Ca@uiloa Cancer Study, SD=standard deviation,

N=number of controls
! Participants reporting non-African American race (98% white for GB8®% white in NCCCS)

2 Smokers only



alT

TableV.B.2. Genevariantsin CBCSand NCCCS

Gene & Variant!
codon/ Common* allele Nucleotide
nucleotide allele (amino (amino common/
position rs# acid) acid) variant Gene name and official abbreviation 2 Study

ADPRT 762 rs1136410 Val Ala T/IC poly (ADP-ribose) polymerase PARP] NCCCS

ADPRTL2

3283 CIT poly (ADP-ribose) polymerase PARP2 NCCCS
APEX nuclease (multifunctional DNA repair

APE1 148 rs1130409 Asp Glu TIG enzyme) 1APEX] Both

BRCA2

intron 24 rs206340 -- -- G/A breast cancer 2, early onsBHCAZ CBCS

BRCA2 372 rs144848 Asn His A/IC breast cancer 2, early onsBHCAZ CBCS

CDH1 -160 rs16260 -- -- C/A cadherin 1, type 1, E-cadherin (epitheli&JH1] CBCS

COMT 158 rs4680 Val Met G/A catechol-O-methyltransferase QMT] CBCS

CYPIAL1 M1 cytochrome P450, family 1, subfamily A,

(CYP1A1*2A) rs4646903 (*1A) (*2A) TIC polypeptide 1CYP1A] CBCS

CYPIAL M2 cytochrome P450, family 1, subfamily A,

(CYP1A1*2C) rs1048943 lle (*1A) Val AIG polypeptide 1CYP1A] CBCS

CYPIAL M3 cytochrome P450, family 1, subfamily A,

(CYP1A1*3)  rs4986882 (*1A) (*3) T/IC polypeptide 1CYP1A] CBCS

CYPIAL M4 cytochrome P450, family 1, subfamily A,

(CYP1A1*4)  rs1799814 Thr (*1A) Asn C/A polypeptide 1CYP1A] CBCS
excision repair cross-complementing rodent repair
deficiency, complementation group 1 (includes

ERCC1 nt8092 rs3212986 GIn Lys C/A overlapping antisense sequendeiR{CC] CBCS
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TableV.B.2. Genevariantsin CBCS and NCCCS (continued)

Gene & Variant!
codon/ Common* allele Nucleotide
nucleotide allele (amino (amino common/
position rst acid) acid) variant Gene name and official abbreviation ? Study
excision repair cross-complementing rodent repair
ERCC6 1213 rs2228527 Arg Gly AIG deficiency, complementation group BRCCH CBCS
excision repair cross-complementing rodent repair
ERCC6 1230 rs4253211 Arg Pro G/C deficiency, complementation group BRCCS CBCS
GSTMZT® present null glutathione S-transferase muG$TM] Both
GSTP1 108 rs1695 lle Val A/lC glutathione S-transferase piG$TP] CBCS
GSTTT present null glutathione S-transferase thetaGQSTT1 Both
epoxide hydrolase 1, microsomal (xenobiotic)
MEH 113 rs1051740 Tyr His TIC [EPHX] NCCCS
epoxide hydrolase 1, microsomal (xenobiotic)
MEH 139 rs55784606 His Tyr CIT [EPHXT] NCCCS
0O-6-methylguanine-DNA methyltransferase
MGMT 84 rs12197 Leu Phe CIT [MGMT] CBCS
mutL homolog 1, colon cancer, nonpolyposis type
MLH1 219 rs1799977 lle Val AIG 2 (E. coli) MLH1] NCCCS
MNSOD 16 rs4880 Val Ala T/IC superoxide dismutase 2, mitochondriaOD2 Both
MPO -463 rs2333227 -- -- G/A myeloperoxidaseNIPO] CBCS
MSH3 1036 rs26279 Thr Ala AIG mutS homolog 3 (E. coliMISH3 NCCCS
MSH3 940 rs184967 Arg GIn G/A mutS homolog 3 (E. coliMISH3 NCCCS
MSH6 39 rs1042821 Gly Glu G/A mutS homolog 6 (E. colilMISHG NCCCS
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TableV.B.2. Genevariantsin CBCS and NCCCS (continued)

Gene & Variant®
codon/ Common* allele Nucleotide
nucleotide allele (amino (amino common/
position rst# acid) acid) variant Gene name and official abbreviation 2 Study
MYH 324 rs3219489 Gln His G/IC mutY homolog (E. coli)MUTYH] CBCsS
N-acetyltransferase 1 (arylamine N-
NAT1 rs1057126 (*10, rapid) (Non *10) T/IA acetyltransferaseNAT]] CBCS
N-acetyltransferase 2 (arylamine N-
NAT2 Reference (*4, rapid) (*5,*6,*7,*14,slow) acetyltransferaseNAT2 CBCS
NBS1 185 rs1805794 Glu GIn G/IC Nijmegen breakage syndrome 1 (nibriN)B] Both
NQO1 187 rs1800566 Pro Ser CIT NAD(P)H dehydrogenase, quinoneNQOT CBCS
OGG1 326 rs1052133 Ser Cys C/G 8-oxoguanine DNA glycosylas©G] CBCS
polymerase (DNA directed), delta 1, catalytic
POLD1 119 rs1726801 Arg His G/A subunit 125kDaRPOLD1] NCCCS
RAD23B rs1805329 Ala Val CIT RAD23homolog B (S. cerevisiaelRAD238 Both
TGFB1 rs1800470 Leu Pro TIC transforming growth factor, beta TGFB]] CBCS
xeroderma pigmentosum, complementation group
XPC 499 rs2228000 Ala Val CIT C [XPQ NCCCS
xeroderma pigmentosum, complementation group
XPC 939 rs2228001 Lys Gin AIC C [XPQ Both
excision repair cross-complementing rodent repair
XPD 312 rs1799793 Asp Asn G/A deficiency, complementation group BRCC2 Both
excision repair cross-complementing rodent repair
XPD 751 rs13181 Lys GIn A/C deficiency, complementation group BRCC2 Both
excision repair cross-complementing rodent repair
XPF 415 rs1800067 Arg GIn G/A deficiency, complementation groupBHRCC/4 Both
excision repair cross-complementing rodent repair
XPF 662 rs2020955 Ser Pro T/C deficiency, complementation group BRCC4 CBCS
excision repair cross-complementing rodent repair
XPG 1104 rs17655 Asp His G/C deficiency, complementation group BRCCH Both
X-ray repair complementing defective repair in
XRCC1 194 rs1799782 Arg Trp CIT Chinese hamster cells XIRCC] Both




TableV.B.2. Genevariantsin CBCS and NCCCS (continued)

Gene & Variant®
codon/ Common* allele Nucleotide
nucleotide allde (amino common/
position rst# (amino acid) acid) variant Gene name and official abbreviation 2 Study
X-ray repair complementing defective repair in
XRCC1 280 rs25489 Arg His G/A Chinese hamster cells XIRCC] Both
X-ray repair complementing defective repair in
XRCC1 399 rs25487 Arg Gln G/A Chinese hamster cells XIRCC] Both
X-ray repair complementing defective repair in
XRCC2 188 rs3218536 Arg His G/A Chinese hamster cells XIRCC32 CBCS
X-ray repair complementing defective repair in
XRCC3 241 rs 861539 Thr Met CIT Chinese hamster cells XRCC3 Both
XRCC4 - X-ray repair complementing defective repair in
28073 rs2075685 T G TIG Chinese hamster cells XIRCC4 CBCS

3.7

Abbreviations: CBCS=Carolina Breast Cancer StdyCCS=North Carolina Colon Cancer Study, SD=stashdaviation, N=number of controls,
SNP=single nucleotide polymorphism, Ala=alaninegarginine, Asp=aspartic acid, Asn=asparagine =@utamic acid, GIn=glutamine, Gly=glycine,
His=histidine, lle=isoleucine, Leu=leucine, Lyssiye, Met=methionine, Pro=proline, Phe=phenylalenirhr=threonine, Trp=tryptophan, Tyr=tyrosine,
Ser=serine, Val=valine; C=cytosine, A=adenine, Gargne, T=thymine

! Analyzed as common and variant as defined by #agquin CBCS/NCCS datasets. The less frequenealtaied by race where noted.
2 http://www.ncbi.nlm.nih.gov/sites/entrez (accesS&B/2009)

$ ADPRTL2328: Less frequent nucleotide was C in African Aigars, T in non-African Americans

*COMT: less frequent allele was Met in African Americavial in non-African Americans

®Present (referent) or null

®GSTP1 Less frequent allele was lle in African America¥al in non-African Americans

"MnSOD(CBCS & NCCCS): Less frequent allele was Ala imiédn Americans, Val in non-African Americans

8 XRCC4-28073: Less frequent nucleotide was G in Afridamericans, T in non-African Americans



5.1

TableV.B.3a. Gene variant-smoking status associationsin the CBCS, overall and by race *?

Ever smokers® Current smokers*
Gene pathway/
SNP® OR,? NAA AA {<50y >=50y OR, NAA AA <50y >=50y

Xenobiotic metabolism °
CYPIAL1 M1 1.0 0.8 1.1 1 13 0.7 1.0 0.8 1.1 1.0 1.0
CYPIAL M2 18 1.6
CYPIAL1 M3 0.9 1.0
CYPIAL1 M4 13 1.5 25 2.9
GSTM1 1.0 1.2 0.8 1.1 1.0 11 1.0 1.1 1.3 0.7
GSTP1 12 1.4 0.8 1.2 1.2 0.7 0.7 0.7 0.7
GSTT1 1.0 0.7 15 0.9 1.1 11 0.9 0.9
NAT1 0.9 1.1 0.8 1.0 1.0 12 1.2 1.5
NAT2 0.9 1.1 0.9 1.1 1.0 13 21 1.5
COMT 0.8 0.6 1.2 1.0 0.7 0.9 0.7 1.3 0.9 0.9
DNA repair

Base excision repair
APEL1 148 11 1.3 0.9 1.3 1.0 12 13 1.0 1.3 1.0
hOGG1 1.0 1.0 1.1 1.1 1.0 0.9 1.0 0.8 1.0 0.8
MYH 324 1.0 1.0 0.8 1.0 0.9 0.8 0.9 0.8 0.8 0.8
XRCC1 194 11 1.0 1.3 1.2 1.1 11 0.9 1.5 1.0 1.3
XRCC1 280 0.9 0.9 0.9 0.7 1.1 0.9 0.8 0.8
XRCC1 399 1.0 1.1 1.1 1.1 1.1 1.2 1.2 1.4 1.2 1.3

Double strand break repair
BRCA2 24 0.9 0.9 0.9 0.9 0.9 0.9 0.8 1.1 0.9 0.9
BRCA2 372 12 1.2 1.2 1.0 1.4 12 1.1 1.2 1.0 1.4
NBS1 185 12 1.3 1.0 1.4 1.1 1.0 1.1 1.1 1.2 0.9
XRCC2 188 0.9 0.8 1.0 0.9 0.9 0.9 1.1
XRCC3 241 0.9 0.9 1.0 1.0 0.9 12 1.2 1.2 1.2 1.2
XRCC4 -28073 1.2 1.2 1.3 1.5 1.0 1.2 1.1 1.4 1.5 1.0

Mismatch repair
MGMT 84 | o9 09 10! 1.0 09 | os 0.9 07 | 0.8 0.8

Nucleotide excision repair
ERCC1 8092 1.0 0.9 1.1 1.0 0.9 1.0 0.8 1.1 0.8 1.1
ERCC6 1213 1.2 1.4 1.0 1.3 1.2 1.6 1.7 1.4 1.6 1.5
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TableV.B.3a. Gene variant-smoking status associationsin the CBCS, overall and by race ? (continued)

Ever smokers® Current smokers”
Gene pathway/
SNP® OR,? NAA AA <50y >=50y OR, NAA AA <50y >=50y

Nucleotide excision repair (continued)
ERCC6 1230 0.9 0.9 1.2 1.0 0.8 11 1.1 1.6 0.8
HRAD23B 11 1.1 1.0 1.2 1.0 12 1.3 1.1 1.3
XPC 939 0.9 0.9 1.0 0.9 1.0 1.0 1.1 0.9 1.0 1.0
XPD 312 1.0 1.0 1.1 1.1 1.1 11 1.1 1.0 1.0 1.2
XPD 751 12 1.2 1.1 1.1 1.3 12 1.1 1.3 1.0 1.4
XPF 415 1.0 1.1 1.0 1.0 1.0 0.9 0.7 1.2
XPF 662 11 1.2 1.0 1.4 14 1.4 1.5 1.3
XPG 1104 0.9 1.0 0.7 0.9 0.9 0.8 0.8 0.9 0.9 0.8
Cell adhesion
CDH1 Il o8 | 08 081! 09 08 o8 | o8 09 | 0.9 0.8
Cell growth
TGFB1 | 122 | 112 11! 13 o09] o8 | o8 09 | 0.9 0.7

Oxidative stress defense
MnSOD 1.0 0.9 1.0 1.1 0.8 0.9 0.8 0.9 0.8 0.9
MPO 1.0 1.2 0.9 0.8 1.4 1.0 1.2 0.8 0.9 1.3
NQO1’ 1.3 08 | 1.2 1.0 1.0 1.3 0.7 1.2 1.0

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, A#¥Non African-American (98% white), AA=African Amigan, PY=pack-
years, SNP=single nucleotide polymorphism, y=years

! Odds ratios are race and age adjusted unlesdisttaty race or age, respectively
2 Odds ratio not displayed if 95% confidence linaitio (upper limit/lower limit) >4
% Referent is never smokers for all smoking catesgouinless otherwise noted

* Referent is not-current smokers (former + never)
®SNP referent = homozygous for common allele, coegpém heterozygotes + homozygous for less comnieleglGSTM1& GSTT1
referent=present

® Primary functional category; gene may functiondidiional pathways e.COMT in estrogen metabolism

" Could not be pooled for some measures of smokiR@. p-value for race*smoking interaction term <0.05
Bold = Overall OR

<=0.7

>=1.4
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TableV.B.3a. Gene variant-smoking status associationsin the CBCS, overall and by race *? (continued)

Former smokers?® Current smokers?
Gene pathway/
SNP° OR, NAA AA <50y >=50y OR, NAA AA <50y >=50y

Xenobiotic metabolism °
CYPIAL1 M1 1.0 0.8 11 15 0.6 1.0 0.8 1.2 11 0.8
CYPIAL M2 21
CYPIAL M3
CYPIAL1 M4
GSTM1 1.0 1.3 0.9 11 11 11 1.0 1.3 0.8
GSTP1 18 1.9 1.9 15 0.8 0.9 0.8
GSTT1 0.9 0.7 11
NAT1 0.8 1.0 0.7 11 11 1.3 1.4
NAT2 0.8 0.9 0.9 0.9 1.2 1.4
COMT 0.8 0.6 1.1 1.0 0.7 0.9 0.6 1.3 0.9 0.8
DNA repair

Base excision repair
APE1 148 11 1.2 0.8 1.2 1.0 1.2 1.4 1.0 1.4 1.0
hOGG1 11 1.0 1.3 11 1.1 1.0 1.0 0.8 1.0 0.9
MYH 324 11 11 1.0 1.2 1.0 0.9 0.9 0.7 0.9 0.8
XRCC1 194 11 11 1.2 1.3 1.0 1.2 1.0 15 11 1.3
XRCC1 280 0.9 1.0 0.7 1.2 0.9 0.8 0.8
XRCC1 399 1.0 1.0 0.9 0.9 1.0 1.2 1.2 14 1.2 1.3

Double strand break repair
BRCA2 24 1.0 1.0 0.8 1.0 0.9 0.9 0.8 1.0 0.9 0.9
BRCA2 372 12 1.2 1.2 1.0 1.4 13 1.2 1.3 1.0 15
NBS1 185 12 14 0.9 14 11 11 1.2 1.0 1.4 0.9
XRCC2 188 0.9 0.9 0.9 1.0 0.8 0.8 1.0
XRCC3 241 0.8 0.8 0.9 0.9 0.8 11 11 1.2 1.2 1.1
XRCC4 -28073 11 1.2 1.1 1.3 1.0 1.3 1.2 15 1.6 1.0

Mismatch repair
MGMT 84 [ 11 1.0 1.2 | 1.2 10 [ o8 0.9 0.7 0.9 0.8

Nucleotide excision repair
ERCC1 8092 1.0 0.9 1.0 1.2 0.8 1.0 0.8 11 0.9 1.0
ERCC6 1213 1.0 11 0.8 1.0 1.0 16 1.8 1.3 1.6 1.5
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TableV.B.3a. Gene variant-smoking status associationsin the CBCS, overall and by race *?

Former smokers?

Current smokers®

Gene pathway/
SNP° OR, NAA AA <50y >=50y | OR, NAA AA <50y  >=50y
Nucleotide excision repair (continued)
ERCC6 1230 0.8 0.8 0.7 0.8 1.0 1.0 1.4 0.7
HRAD23B 1.0 1.0 1.2 1.2 0.9 12 1.3 11 1.3
XPC 939 0.9 0.8 11 0.8 0.9 1.0 1.0 0.9 0.9 1.0
XPD 312 1.0 1.0 1.2 11 1.0 11 11 11 1.0 1.2
XPD 751 11 1.2 1.0 11 1.2 1.2 1.2 1.2 1.0 15
XPF 415 11 11 1.2 0.9 1 0.9 0.8 1.2
XPF 662 1.0 11 0.7 1.4 1.3 14 1.3 15
XPG 1104 1.0 1.1 0.7 0.9 1.0 0.8 0.9 0.8 0.8 0.8
Cell adhesion
CDH1 0.8 0.9 0.7 0.9 0.8 0.8 0.8 0.9 0.9 0.7
Cell growth
TGFB1 12 1.3 1.2 1.6 1.0 0.9 0.8 1.0 1.1 0.7
Oxidative stress defense
MnSOD 11 1.0 1.0 1.3 0.8 0.9 0.8 0.9 0.9 0.8
MPO 1.0 1.2 1.0 0.8 1.3 1.0 1.2 0.8 0.8 1.4
NQO1’ 1.0 1.2 0.8 1.2 1.0 1.0 14 0.7 1.2 1.0

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, A®Non African-American (98% white), AA=African Amigan,

PY=pack-years, SNP=single nucleotide polymorphigayears
1 Odds ratios are race and age adjusted unlesdisttdty race or age, respectively

2 0dds ratio not displayed if 95% confidence linaitio (upper limit/lower limit) >4

% Referent is never smokers for all smoking catesgouinless otherwise noted

“ Referent is not-current smokers (former + never)

®>SNP referent = homozygous for common allele, coegbéw heterozygotes + homozygous for less comnielegIGSTM1& GSTT1

referent=present

® Primary functional category; gene may functionduditional pathways e.COMT in estrogen metabolism

" Could not be pooled for some measures of smokiR@. p-value for race*smoking interaction term <0.05

Bold = Overall OR

<=0.7

>=1.4
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TableV.B.3b. Gene variant-smoking duration association in the CBCS, overall and by race ™

<=10years” 11-20 years >20 years
Gene pathway/
SNP® OR,?| NAA  AA <50y >=50y | OR, | NAA AA <50y >=50y || OR, | NAA AA | <50y >=50y
Xenobiotic metabolism °
CYPIAL1 M1 1.0 1.2 1.3 13 1.4 0.8 0.7 0.9 0.6
CYPIAL1 M2
CYPIAL M3
CYPIAL1 M4
GSTM1 11 1.3 1.0 1.0 0.9 1.4 1.0 1.3 1.1
GSTP1 19 1.8 10 1.2 0.9 1.0 1.3 1.2
GSTT1 1.0 1.0 1.3
NAT1 0.6 11 11 1.2
NAT2 0.8 0.9 11 1.5 1.1
COMT 1.0 0.8 0.5 0.6 0.8 0.7 0.8
DNA repair
Base excision repair
APEL1 148 12 1.2 1.0 1.4 0.9 11 1.3 0.9 1.1 1.1 11 1.3 09 14 1.0
hOGG1 14 1.1 1.9 1.3 1.3 11 1.1 1.0 1.2 0.8 0.9 0.9 0.8: 0.7 1.0
MYH 324 1.0 1.1 0.8 1.0 1.0 1.0 0.9 1.1 1.0 0.8 1.0 1.1 0.7 1.1 0.9
XRCC1 194 14 1.4 1.4 1.5 1.5 0.9 0.7 1.4 11 1.0 1.3 0.9 1.2
XRCC1 280 0.8 0.8 0.9 1.0 1.1 1.1
XRCC1 399 0.8 0.8 0.8 0.8 1.0 11 1.2 0.9 1.0 1.3 12 1.1 1.5 1.7 1.1
Double strand break repair
BRCA2 24 0.9 1.1 0.7 0.9 0.9 1.0 0.9 13 1.0 0.9 0.9 0.8 0.9 0.8 0.9
BRCA2 372 1.0 1.0 1.1 0.9 1.3 15 1.7 0.9 1.2 1.6 13 1.1 1.6 1.0 1.4
NBS1 185 12 1.2 1.0 1.3 0.9 13 1.3 1.5 1.8 1.0 11 1.4 0.7 1.1 1.1
XRCC2 188 0.9 0.7 1.0 0.9 0.9 0.9 0.9 1.2 0.8
XRCC3 241 0.8 0.8 0.9 0.8 0.8 0.8 0.9 0.8 1.1 0.7 11 0.9 1.2 1.2 0.9
XRCC4 1394 11 1.0 1.7 1.4 1.0 1.0 1.1 1.1 1.7 0.7 13 1.4 1.1 1.3 1.2
Mismatch repair
MGMT 84 | 13 | 13 1.1 i 1.1 1.4 10 | 09 14 i 1.0 1.1 07 | 08 06 09 0.7
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TableV.B.3b. Gene variant-smoking duration association in the CBCS, overall and by race ™ (continued)

<=10years" 11-20 years >20 years
Gene pathway/ >=50
SNP® OR,2 | NAA AA i<50y >=50y | OR, | NAA AA <50y >=50y | OR, | NAA AA | <50y y
Nucleotide excision repair
ERCC1 8092 1.0 1.0 09! 11 07 1.1 08 17 1.2 0.8 0.9 0.9 0.9 0.8 1.0
ERCC6 1213 1.2 1.1 13 13 1.0 | 1.2 1.3 1.0 1.2 1.1 | 12 1.5 0.9 1.3 1.2
ERCC6 1230 0.8 0.8 1.0 0.8 0.9 0.8 0.8 1.0 1.0 0.9 1.5 0.8
HRAD23B 1.2 1.0 1.5 0.7 0.9 0.8 0.8 0.9 1.2 1.3 0.8 1.2 1.1
XPC 939 1.0 1.1 09! 0.9 1.3 | 09 0.7 1.2 0.9 08 | 09 0.9 0.8 0.8 0.9
XPD 312 0.9 1.0 08 0.9 08 | 12 1.1 15 1.3 1.2 1.1 1.1 1.2 1.1 1.1
XPD 751 0.9 1.1 07! 09 1.1 1.3 1.3 1.3 1.3 1.2 | 13 1.2 1.3 1.1 1.3
XPF 415 1.1 1.3 1.3 0.9 0.9 1.0 1.0 1.0 1.0
XPF 662 1.1 12 09 14 1.4 1.0 1.0 1.2 1.1
XPG 1104 0.9 1.1 071 09 1.0 1.0 1.2 0.8 1.0 1.1 | 09 1.0 07 0.8 0.9
Cell adhesion
CDH1 [ o9 09 07! 09 08 | o7 07 07 ! 07 08 | os8 0.8 09! 10 0.8
Cell growth
TGFB1 [ 13 1.4 12! 15 1.2 | 11 1.1 1.0 | 1.2 09 [ 10 0.9 1.0 | 1.2 0.8
Oxidative stress defense
MnSOD 1.0 1.0 08 1.1 08 | 10 0.8 1.3 1.1 07 1.0 0.9 1.0 1.0 0.9
MPO 0.9 1.2 07! 06 1.8 1.1 1.0 1.0 1.0 1.0 | 11 1.3 1.0 09 14
NQO1’ 1.2 08! 1.1 1.0 | 1.0 1.3 1.1 1.2 1.2 | 11 14 06 | 14 0.9

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, A#®Non African-American (98% white), AA=African Amigan, PY=pack-years,

SNP=single nucleotide polymorphism, y=years
1 Odds ratios are race and age adjusted unlesdisttdty race or age, respectively
2 0dds ratio not displayed if 95% confidence linaitio (upper limit/lower limit) >4

% Referent is never smokers for all smoking categouinless otherwise noted
®>SNP referent = homozygous for common allele, coepéw heterozygotes + homozygous for less comnieles|GSTM1& GSTT1referent=present

® Primary functional category; gene may functiondiigional pathways e.COMT in estrogen metabolism
"Could not be pooled for some measures of smokiRJ. p-value for race*smoking interaction term <0.05

Bold = Overall OR

<=0.7

>=1.4
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TableV.B.3c. Gene variant-smoking intensity association in the CBCS, overall and by race ™

<1/2 pack/day * 1/2 - 1 pack/day >1 pack/day
Gene pathway/
SNP°® OR,” | NAA AA | <50y >=50y OR, | NAA AA <50y >=50y | OR, | NAA AA | <50y >=50y
Xenobiotic metabolism °
CYPIA1 M1 0.9 0.8 1.0 1.3 1.0 1.3 1.2 1.0 1.0
CYPIAL M2
CYPIAL M3
CYPIAL M4
GSTM1 0.9 1.0 1.2 0.9 11 1.0 13 14 11 15
GSTP1 12 15 14 1.8 2.1 0.9 0.9
GSTT1 13 11
NAT1 0.8 1.2 0.9 11
NAT2 0.8 1.0 11 1.5
COMT 0.9 05 15 1.3 0.6 1.2 0.9 0.6 0.5
DNA repair
Base excision repair
APEL1 148 13 13 13i 1.8 1.0 0.9 1.2 0.6 1.2 0.8 1.2 1.4 0.8 1.0 14
hOGG1 0.9 08 1.1 11 0.8 11 1.1 1.1 1.1 1.1 11 1.0 1.0 1.0 1.0
MYH 324 1.0 1.0 0.9 1.0 0.9 0.9 1.0 0.7 1.0 0.8 1.0 1.0 1.3 1.1 1.0
XRCC1 194 12 14 09; 14 1.0 1.0 06 1.9 11 0.8 1.2 1.2 1.2 1.4
XRCC1 280 0.9 0.9 1.4 1.0 0.8 0.8 0.8 0.9
XRCC1 399 0.9 1.0 0.9 0.8 1.1 1.1 1.2 1.3 1.2 1.2 1.1 11 16 14 1.0
Double strand break repair
BRCA2 24 0.8 1.0 0.7 0.8 0.9 1.0 0.9 1.3 1.1 0.9 0.9 0.9 1.0 0.8 1.0
BRCA2 372 11 09 15 11 1.1 1.2 1.2 1.0 0.8 15 1.6 1.6 1.2 1.8
NBS1 185 11 12 1.0 1.2 1.0 1.2 1.4 1.0 1.2 1.2 1.2 1.4 1.0i 1.7 1.0
XRCC2 188 0.8 0.7 1.0 0.8 0.7 0.8 0.8 11 11 11 1.2
XRCC3 241 0.9 0.7 1.2 1.0 0.8 0.9 1.1 0.8 1.1 0.8 0.8 0.9 0.8 0.8 0.9
XRCC4 1394 11 09 14 15 0.9 1.2 1.1 16 138 1.0 1.2 1.5 07 1.2 1.3
Mismatch repair
MGMT 84 | 112 11 11] 13 09 | 08 | 09 07! 06 1.1 09 | 08 121 11 0.8
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TableV.B.3c. Gene variant-smoking intensity association in the CBCS, overall and by race ™ (continued)
<1/2 pack/day * 1/2 - 1 pack/day >1 pack/day
Gene pathway/
SNP® OR,? | NAA AA ! <50y >=50y | OR, | NAA AA | <50y >=50y | OR, | NAA AA ! <50y >=50y
Nucleotide excision repair
ERCC1 8092 1.0 0.9 1.0 1.2 0.7 1.0 1.1 1.0 1.0 1.1 0.9 0.7 1.5 0.8 0.9
ERCC6 1213 13 13 127 1.7 1.0 13 1.4 13 1.3 1.5 1.0 1.3 1.0 1.1
ERCC6 1230 10 1.0 1.1 1.0 10 0.9 1.2 0.8 0.8 0.8 0.9 0.7
HRAD23B 1.0 1.0 1.0 1.3 0.8 11 1.1 1.1 1.0 12 1.2 1.1 1.2
XPC 939 11 1.0 1.2 1.1 1.1 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.8 1.1
XPD 312 1.0 1.0 1.0 1.1 0.9 11 1.1 1.1 1.2 1.1 11 1.0 1.6 0.9 1.2
XPD 751 11 1.3 1.1 1.0 1.4 12 1.2 1.2 1.2 1.1 12 1.3 1.0 1.0 1.3
XPF 415 0.9 0.9 1.2 1.0 0.9 0.9 1.0 11 1.3 0.9 1.5
XPF 662 14 1.6 1.5 1.7 0.9 0.9 0.7 1.3 0.9 1.0
XPG 1104 0.9 1.0 0.8 1.1 0.8 0.9 1.1 0.6 0.8 1.0 0.9 1.0 0.7 0.8 1.1
Cell adhesion
CDH1 | o9 [ 1.0 08 1.0 08 | o8 ] 08 0.8 09 08 [ 07 | o7 . 0.7 0.7
Cell growth
TGFB1 | 12 [ 12 11i 14 114 [ 11 | 121 10 13 09 [ o9 | 09 10i 12 0.8
Oxidative stress defense
MnSOD 1.0 0.9 0.9 1.0 0.8 1.0 0.8 1.1 1.0 0.9 1.0 1.0 0.8 1.2 0.8
MPO 1.0 1.4 0.8; 0.7 1.5 1.0 1.1 1.0 0.8 1.4 11 1.1 1.2 1.0 1.2
NQO1’ 1.2 0.8 1.1 0.9 12 1.5 1.0; 15 1.1 0.9 1.2 1.0 1.0

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, AM®Non African-American (98% white), AA=African Amigan, PY=pack-years,
SNP=single nucleotide polymorphism, y=years

! Odds ratios are race and age adjusted unlesdisttaty race or age, respectively

2 Odds ratio not displayed if 95% CI width (uppenililower limit) >4

% Referent is never smokers for all smoking categouinless otherwise noted

®>SNP referent = homozygous for common allele, coeghém heterozygotes + homozygous for less comnieleglGSTM1& GSTT1
referent=present

® Primary functional category; gene may functiondidiional pathways e.COMT in estrogen metabolism
" Could not be pooled. LRT p-value for race*smokimgraction term <0.05
Bold = Overall OR

<=0.7 >=1.4
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TableV.B.3d. Genevariant-PY association in the CBCS, overall and by race 2

<=35PY >35PY
Gene pathway/
SNP® OR,? | NAA AA {<50y >=50y| OR, | NAA AA <50y >=50y
Xenobiotic
metabolism °
CYPIAL1 M1 1.0 08 11! 13 0.6
CYPIAL M2 1.6
CYPIAL M3 1.0 1.0
CYPIAL M4 0.6 0.8
GSTM1 0.9 1.0 08 10 08| 1.7
GSTP1 1.4 16 08 12 14 0.7
GSTT1 1.0 08 14: 08 14 1.1 1.0
NAT1 0.9 1.1 09! 11 1.0
NAT2 0.9 1.0 1.0; 10 0.9 1.2 1.2 1.0
COMT 0.9 06 13i 1.0 09| 05
DNA repair
Base excision repair
APEL1 148 11 1.2 1.0 13 10| 13 1.8 11
hOGG1 11 10 12 11 10| 09 11 1.0
MYH 324 1.0 1.0 08] 10 09| 10 11 1.3 1.0
XRCC1 194 11 09 13; 13 09| 16 15 1.7
XRCC1 280 0.9 0.8 1.0/ 0.6 1.3
XRCC1 399 1.0 1.1 1.0, 10 11 10 0.9 0.9
Double strand break repair
BRCA2 24 0.9 1.0 09 09 09| 08 0.7 0.9
BRCA2 372 1.2 1.2 12: 10 13| 1.6 15 2.0
NBS1 185 1.2 14 1.0i 14 11 1.0 1.2 1.2 1.0
XRCC2 188 0.9 0.8 0.9 0.8 11 11
XRCC3 241 0.9 09 10! 11 08| 08 0.8 0.9
XRCC4 1394 1.1 1.1 135 14 1.0 15 1.6 1.3
Mismatch repair
MGMT 84 | 10 [ 1.0 10; 10 10| 05 | 06 0.6




38T

TableV.B.3d. Genevariant-PY association in the CBCS, overall and by race ?(continued)

<=35PY >35PY

Gene pathway/

SNP® OR,? | NAA AA i<50y >=50y| OR, | NAA AA !<50y >=50y
Nucleotide excision repair

ERCC1 8092 1.0 10 11; 11 09| 07 | 06 0.8

ERCC6 1213 1.3 14 11 13 13| 08 | 11 0.8

ERCC6 1230 0.9 0.9 1.1 09 | 07 | 07 0.6

HRAD23B 1.1 11 1.0f 12 10| 12 | 13 1.1

XPC 939 0.9 08 09 09 09| 11 | 1.2 1.2

XPD 312 1.1 11 11} 11 11| 09 | 0.9 1.0

XPD 751 1.2 13 1.1i 11 13| 11 | 11 08 1.2

XPF 415 1.0 1.0 1.1 09 | 10 | 1.2 1.4

XPF 662 1.2 13 1.1 15

XPG 1104 0.9 10 07 09 09| 12 | 15 1.2

Cell adhesion

CDH1 | o8 | 08 08 08 08] 09 | 09 . 14 08

Cell growth

TGFB1 | 22 | 22 10 13 10] 08 | 0.9 i 0.8

Oxidative stress defense

MnSOD 1.0 08 10! 10 08| 14 | 15 1.1

MPO 1.0 12 09, 08 14 | 11 | 11 1.3 1.1

NQO1’ 1.3 0.8 1.2 10| 11 | 1.4 0.9

Abbreviations: OR=odds ratio in controls, Cl=confidence interval, AMNon African-American (98%
white), AA=African American, PY=pack-years, SNP=gmnucleotide polymorphism, y=years
! Odds ratios are race and age adjusted unlesdisttaty race or age, respectively
2 Odds ratio not displayed if 95% CI width (uppenililower limit) >4
% Referent is never smokers for all smoking categouinless otherwise noted
* Pack-years= midpoint of category for number ofrgesmoked x midpoint of category for number of
packs smoked/day
>SNP referent = homozygous for common allele, coegbéw heterozygotes + homozygous for less
common allelesGSTM1& GSTT1referent=present
® Primary functional category; gene may functiondiditional pathways e. €OMT in estrogen
metabolism
" Could not be pooled. LRT p-value for race*smokimgraction term <0.05
Bold = Overall OR

= OR<=0.7

=OR >=1.4




TableV.B.4a. Gene variant-smoking status associationsin the NCCCS, overall and by gender and race *?
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. Ever Cllurrent VS. hot current
Gene pathway/ ! i
Genevariant ° OR? | W M INAA AA <65y >=65y| OR| W M ! NAA AA | <65y
Xenobiotic metabolism °
GST hap C 12 [13 11} 1.0 1.7 1.4 1.1 | 10 [1.4 0.9 07 1.5 1.0
GST hap A 14 |16 12 09 22i 1.8 1.1 || 15 1.4 2.3 1.5
GST hap B 08 |08 0.6 0.7 0.7 || 06 i
GST hap 13 |13 131 12 17! 1.6 1.1 | 09 07 0.8 1.0
GSTM1 10 |10 10 10 1.1 10 10/ 07 |11 05; 08 07 | 07
GSTT? 1.0 09! 07 15! 1.0 0.9 1.1 111 0.7 1.8 1.0
MEH 113 07 |07 08; 08 07 07 09 [ 08 |06 06; 0.7 0.5 0.5
MEH 139 08 |13 1.0/ 10 15! 1.1 1.2 ] 06 |10 0.7/ 08 0.8
DNA repair
POLD1 119 [ o7 |12 09! 11 | 1.3 09 [o8 |11 08 11 [ 1.2
Base excision repair
ADPRT 762 11 [13 09 11 1.1 11 | 12 |18 09 11 1.3
ADPRTL2 328 1.1 |12 1.0; 1.2 1.1 1.1 | 11 1.0{ 1.2 1.0
APE1 148 11 |13 1.0/ 12 10 1.1 1.1f 1.0 | 1.2 09! 12 0.9 0.8
XRCC1 194 08 |06 i 0.8 0.9 0.8 | 09 ;
XRCC1 280 1.3 1.2 !
XRCC1 399 11 |13 0.9 11 10 08 1.3] 1.0 |08 1.1i 0.9 1.0 0.7
Double strand break repair
NBS1 185 09 [07 0.7/ 0.7 0.7 0.6 08 [ o8 |07 09i 1.4 0.6 0.9
XRCC3 241 09 |07 11! 08 11 0.9 09 11 [12 11! 1.2 1.1 1.2
Mismatch repair
MLH1 219 11 [07 13} 08 1.3 1.6 08 [ o8 |09 13, 09 14 1.2
MSH3 1036 11 |18 08 12 13 1.4 1.1 | 1.0 |09 06! 0.6 1.0
MSH3 940 1.2 |11 07; 09 08 08 0.9 07 |08 0.6; 0.6 0.7 0.8
MSH6 39 09 |08 1.00 09 09 1.0 08| 0.7 |08 0.8 0.6 1.2 0.9




)6T

TableV.B.4a. Gene variant-smoking status associationsin the NCCCS, overall and by gender and race ™ (continued)

Ever Current vs. not current
Gene pathway/ : :
Genevariant ° OR? | W M !NAA AA | <65y >=65y| OR W M ! NAA AA | <65y >=65y
Nucleotide excision repair
RAD23B 11 06 0.9; 0.7 0.9 0.9 0.7 1.0 04 10; 08 0.7 0.8 0.7
XPC 499 0.8 09 0.8/ 0.8 1.3 1.1 0.8 11 1.0 11:i 0.9 1.1 1.0
XPC 939 12 1.3 11; 13 1.1 1.0 1.3 1.0 1.2 08 11 0.8 0.8 1.1
XPD 312 1.0 1.1 09i 1.0 1.0 1.1 1.0 0.9 09 08i 0.9 1.1 0.7
XPD 751 12 14 11; 1.2 1.2; 14 1.2 1.0 1.1 09: 08 1.3 1.1 0.9
XPF 415 1.0 1.7 1.1 1.1 13 151 1.7
XPG 1104 1.0 1.1 0.8! 0.9 1.0 14 0.8 12 1.2 12! 11 14 1.7 0.9
Oxidative stress defense
MNSOD [ 10] 12 09; 11 10 1.2 09] 11 Jo8 11; 11 09 0.9 1.1

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, Witkmen, M=Men, NAA=Non African-American (98% white),
AA=African American, PY=pack-years, y=years

! Odds ratios are race, age and gender adjustessistiatified by race, age or gender, respectively
20dds ratio not displayed if confidence limit ratié

$Referent is never smokers for all smoking categanigess otherwise noted

“Referent is not-current smokers (former + never)

®>SNP referent = homozygous for common allele, coegbéw heterozygotes + homozygous for less comnieles/GSTM1& GSTT1
referent=present
® Primary functional category; gene may functiondidiional pathways e.OMT in estrogen metabolism
"GSThap C = haplotype @8STT1present & STMipresent (referent) vs. all oth@STT1& GSTM1combinations of present and
null combined
8GSThap A=GSTT1null & GSTM1presentGSThap B=GSTT1null & GSTM1null, GSThap D=GSTT1present &STM1null; GST
hap C is referent
1 pack-years= midpoint of category for number of gesamoked x midpoint of category for number of pasrk®ked/day
° Could not be pooled for some measures of smokiRg. p-value for race*smoking interaction term <0.05
Bold = Overall OR
= OR <=0.7
=OR >=14
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TableV.B.4b. Gene variant-smoking status associationsin the NCCCS, overall and by gender and race 2

Formgr Current

Gene | |

pathway/ i i i i

Genevariant® || OR,2 | W M | NAA AA | <65y =65y OR W M | NAA AA | <65y >=65y
Xenaobiotic metabolism

GST hap C 13 [ 12 12! 10 16! 15 1.1 1.2 15 10! 08 19 1.2 1.1
GST hap A 13 |15 11 09 17 1.0 17 ;

GST hap B 0.9 ' 0.8 0.7 !

GST hap ¥ 14 |13 15 1.2 1.8 1.2 1.1 09 | 09

GSTM1 12 |10 12! 11 1.3 1.2 1.1 0.8 1.1 06 | 08 0.8 0.8
GSTT1 09 [10 08; 08 12 1.0 0.8 11 10| 06 20 1.0 1.1
MEH 113 08 |08 09! 08 09 08 0.9 0.7 06 06 | 06 05 0.4 0.7
MEH 139 09 |13 11, 11 1.3 1.2 0.6 1.1 0.8 ; 0.8 0.9 1.0
DNA repair

POLD1119 [ 07 [12 10i 1.1 | 13 1.0 | o7 08 i 1.2 | 13

Base excision repair
ADPRT 762 10 [ 11 09! 11 1.0 1.1 1.2 08 I 11 1.2
ADPRTL2328( 11 | 1.1 1.0; 1.2 1.1 1.1 1.1 1.0 ; 1.3 1.1 1.2
APE1 148 11 |13 10! 12 10 1.3 1.0 1.1 1.3 09 i 13 09 0.9 1.3
XRCC1 194 08 | 0.6 0.7 0.8 0.8 i

XRCC1 280 13 1 1.3 |

XRCC1 399 11 [ 15 08; 12 0.9 0.9 1.3 1.0 09 10 1.0 0.6 1.5
Double strand break repair

NBS1 185 09 |07 08; 06 08, 06 0.8 0.8 07 | 1.1 05 0.7 0.7
XRCC3 241 08 [ 07 11! 07 11! 0.8 0.9 1.0 10 111 10 1.2 1.1 1.0
Mismatch repair

MLH1 219 12 [ 07 13} 08 12 16 0.7 0.9 08 15 ! 08 15 1.5 0.9
MSH3 1036 11 |21 09 14 15; 15 1.3 1.0 i 0.7

MSH3 940 14 |12 08! 10 08 08 1.0 0.8 08 06 | 07 07 0.7 0.6
MSH6 39 10 |08 10; 10 08 1.1 0.8 0.7 08 09 06 1.1 0.9 0.8
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TableV.B.4b. Gene variant-smoking status associationsin the NCCCS, overall and by gender and race ™ (continued)

For mer Current
Gene i i
pathway/ : :
Genevariant® || OR,2 | W M | NAA AA | <65y >=65y OR W M | NAA AA <65y >=65y
Nucleotide excision repair
RAD23B 11 [ 07 09! 07 10! 10 0.7 1.0 04 10 | 07 07 0.8 0.6
XPC 499 08 |09 07 07 1.0 0.7 1.0 09 09 ! 08 1.1 0.9
XPC 939 13 | 1.3 121 13 12 1.1 1.3 1.1 14 09 i 13 09 0.9 1.2
XPD 312 11 |12 09; 10 11 11 11| 09 1.0 0.8 09 1.2 0.7
XPD 751 13 |15 11! 13 1.1 14 1.2 1.1 13 09 i 10 13 1.3 1.0
XPF 415 0.9 i 0.9 1.1 1.2 1.6
XPG 1104 09 [11 08! 09 09 1.1 0.8 1.2 12 101 10 1.4 1.8 0.8
Oxidative stress defense
MNSOD [ 1.0 [1.4 08 | 11 1.0 1.4 09 [ 1212 Jo9 10! 11 09 1.0 1.0

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, Witkmen, M=Men, NAA=Non African-American (98% white),
AA=African American, PY=pack-years, y=years

' Odds ratios are race, age and gender adjustedssitasified by race, age or gender, respectively

20dds ratio not displayed if confidence limit ratid

$Referent is never smokers for all smoking categanigless otherwise noted

®SNP referent = homozygous for common allele, coegpém heterozygotes + homozygous for less comnieles)GSTM1& GSTT1
referent=present

® Primary functional category; gene may functiondidigional pathways e.COMT in estrogen metabolism

"GSThap C = haplotype @8STT1present & STM1present (referent) vs. all oth@STT1& GSTMlcombinations of present and null
combined

8GSThap A=<GSTT1null & GSTM1presentGSThap B=GSTT1null & GSTM1null, GSThap D=GSTTlpresent &STM1null; GSThap C is
referent

! pack-years= midpoint of category for number of gesamoked x midpoint of category for number of paskeked/day

° Could not be pooled for some measures of smokiR@. p-value for race*smoking interaction term <0.05
Bold = Overall OR

=0OR <=0.7

=OR>=14
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TableV.B.4c. Gene variant-smoking duration association in the NCCCS, overall and by gender and race *?

<10y . |11—20y |>20y
Gene | | |
pathway/ i i i
Gene | | |
variant ° ORZ|W M i NAA AA{Y O | OR, |[W M {NAA AA Y O |[OR, | W M i NAA Y O
Xenobiotic metabolism °
GSThapC | 15 [16 1.4 1.3 1.2 11 09i 1.0 11 10] 12 [12 11 08 1.1 1.0
GSThap A | 16 ! 1.3 ! 14 |16 12! 07
GST hap B i g 0.7 i 0.6
GSThap D | 1.7 1.6 11 L1 12 |13 12! 10
GSTM1 13 |12 1.3i 1.2 1.1] 09 08 1.0 08 10| 10 |10 1.0 1.0 08 1.0
GSTT1 10 | 1.3 08! 08 09| 1.0 1.01 09 1.1 09| 09 |10 09! 06 1.1 0.9
MEH 113 07 |11 1.0{ 1.0 1.4] 07 09 08 09 07| 08 |06 07 07 09 0.7
MEH 139 1.0 |12 14! 14 1.3] 08 08! 1.0 15| 07 |13 09! 09 1.5
DNA repair
POLD1119 [ 0.7 | 1 1.2 [ o9 1 0.9 [ o7 12 10! 12

Base excision repair
ADPRT 762 1.2 L 1.4 0.7 L 0.7 12 [ 15 10; 11
ADPRTL2 i ! |
328 1.0 07; 1.1 09| 1.0 1.2 1.2 12 |13 1.0; 13
APE1148 | 14 0.8 1.3 1.3 11 181 1.2 1.0 1.2 10 |13 08 1.2 1.0 1.2
XRCC1 194 | | 0.9 0.8
XRCC1 280 i ! 1.2 |
XRCC1399| 13 | 1.1 1.3; 1.3 17| 1.2 09, 1.2 18| 10 |12 08; 1.0 1.8
Double strand break repair

NBS1185 | 0.9 | 1.2 0.9 ; 08 |06 07; 08
XRCC3241| 07 | 05 1.1i 0.7 0.7 07 07! 06 1.0 05| 10 |09 1.3i 09 1.0 05
MLH1219 [ 1.4 11! 0.8 09 10 1 1.0 10 11 [o6 12! 08 1.0
MSH3 1036 | 1.0 1.2 1.2 11 1.2 15| 10 | 1.4 08 12 1.5
MSH3940 || 1.2 | 1.0 ' 1.0 07| 16 1.0! 09 1.3 11 |12 07! 09 1.3
MSH6 39 08 | 0.9 1.0f 1.0 0.9 10| 09 1.2 1.1 1.7 10| 09 |06 09 08 1.7 1.0
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TableV.B.4c. Gene variant-smoking duration association in the NCCCS, overall and by gender and race *? (continued)

<10y 11-20y >20y

Gene 5 : :

pathway/ | ! !

Gene OR i : :

variant® | ,2 W M | NAA Y OJ|OR |W M INAM AAIY O |[OR, | W M IiINAA AA Y O
Nucleotide excision repair

RAD23B | 12|05 10! 038 11 05 o8 10! 07 09 07] 11 [07 09! 07 09 0.7
XPC 499 | 08 0.7 07 0.6 09 0.7 07 13| 09 |08 09 08 1.3
XPC939 | 1.0 | 09 11! 0.9 07 13| 11 12! 12 10/ 10 14 13 |18 11} 1.6 10! 1.0 11
XPD312 | 13 | 1.1 13; 1.2 13| 1.0 09 1.0 08| 09 |11 08; 09 0.8
XPD751 | 15| 1.9 12! 16 14| 15 131 18 13 18| 10 |12 09! 10 1.3 1.8
XPF 415 | 1.0 i i 1.1 i 1.2

XPG 1104| 0.7 08! 08 0.7 08 06! 0.6 13 05| 12 |15 10! 11 1.3 05
Oxidative stress defense

MNSOD [ 10|12 08! 1.1 ' 1.2 09 14 | 08! 1.1 113 09] 09 [ 11 09! 11 1 1.3 0.9

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, Wemen, M=Men, NAA=Non African-American (98% whitedA=African American,

PY=pack-years, Y: <65 years of age, O: >=65 yehege

1 Odds ratios are race, age and gender adjustedssitasified by race, age or gender, respectively

20dds ratio not displayed if confidence limit ratié
$Referent is never smokers for all smoking categanigess otherwise noted
®> SNP referent = homozygous for common allele, cargéo heterozygotes + homozygous for less comrtieles GSTM1& GSTTlreferent=present

® Primary functional category; gene may functiomditional pathways e.OMT in estrogen metabolism

"GSThap C = haplotype @8STT1present & STMipresent (referent) vs. all oth@STT1& GSTM1combinations of present and null combined

8 GSThap A=GSTT1null & GSTM1presentGSThap B=GSTT1null & GSTM1null, GSThap D=GSTT1present &STM1null; GSThap C is referent

! pack-years= midpoint of category for number ofrgesanoked x midpoint of category for number of maskoked/day

°Could not be pooled for some measures of smokiRgJ. p-value for race*smoking interaction term <0.05

Bold = Overall OR
=0OR <=0.7
=OR>=14




TableV.B.4d. Gene variant-smoking intensity association in the NCCCS, overall and by gender and race

16T

<1/2 pack/lday 1/2|- 1 pack/day >1Ipack/day

Gene | | i
pathway/ : :
Gene A | i
variant® | OR2|W M {NAA A1 Y O | OR |W M | NAA AA o | or, M | NAA o}
Xenobiotic metabolism ®
GST i i
hap C’ 17 | 25 13 23:20 16| 10|08 10! 07 13 07| 12 121 11 0.7
GST i i
hap A® 1.8 1.7 || 1.2 12 07| 13 ! 0.7
GST ; |

hap B® 1.1 05 3 0.9 i
GST | i

hap D® 1.9 | 1.6 151009 110 0.9 08| 13 121 1.3 0.8
GSTM1 14 | 1.6 13 15 17 12| 08|07 08 08 08| 11 1.1 1.1 0.8
GSTT1 11 | 1.7 08 17! 1.0 12|/ 08|08 09! 06 1.3 06| 09 1.0 0.7 0.6
MEH 113 | 09 | 0.9 08 09 08 1007]|07 09; 08 07 09| 06 07 07 0.9
MEH 139 || 09 | 1.1 1.1 1.2‘“ 0816 09 1.0 11| 06 111 1.0 1.1
DNA repair
POLD1 ! |
119 06 | 1.1 1.2 1.0/ 08|13 08; 1.1 1.0| 0.6 08 1.0 1.0

Base excision repair
ADPRT i i i
762 11| 1.2 D11 10 11|13 09! 11 1.0 11 08! 1.0 1.0
ADPRTL2 i i i
328 09|09 08! 11 09 12|14 10! 12 1.3 1.2 111 13 1.3
APE1148| 11|15 08 1.2 09 12 1012 |13 12i 13 1.2 1.2 11 1.0 1.2 1.2
XRCC1 ! ! !
194 0.7 | 0.7 | 1.1 i 1.0
XRCC1 ! ! !
280 i i |
XRCC1 ; ! !
399 12 | 15 {14 11i 08 16| 12|12 1.0] 1.2 1.3 0.8 07 09 1.3
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TableV.B.4d. Gene variant-smoking intensity association in the NCCCS, overall and by gender and race ** (continued)

<1/2 pack/day 1/2 - 1 pack/day >1 pack/day
Gene | | |
pathway/ | | |
Gene E OR : E
variant® | OR> |[W M iNAA AA iY O ;. /W MINAA AAiY O JOR |W MIiINAA AAiY O
Double strand break repair
NBS1185[ 1.0 | 0.6 0.6 | 0.6 07]los |08 08/ 08 08 08 08 10 081 06 08! 08 038
XRCC3 i : :
241 09 |07 111 07 12!07 10(/08|09 08/ 08 1.0 10 04 11 |07 14! 1.0 10! 1.0 0.8
MLH1 i i i
219 1107 19! 09 14 08 12|06 14! 09 12 12 09 12 10! 08 12! 12 09
MSH3 i i i
1036 08 |14 07 1.2 09| 11|16 07 1.0 1.6 09| 13 09 15 1.6 0.9
MSH3 940 1.1 | 1.2 05 1.0 07; 0.8 08 12|08 09, 09 09 08 04 16 08; 1.0 09 08 09
MSH639 | 08 | 1.0 10{ 09 10 12 0909 |06 10!/ 08 08 09 0% 09 |11 10 1.0 08 09 08
Nucleotide excision repair
RAD23B [ 12]07 12! 08 11 13 0$10] 06 09/ 07 07! 09 06] 09 08! 06 07! 09 06
XPC499 | 10| 1.3 0.8 08 10| 08| 0.8 0.7 0.7 0.7] 08 09 0.7 0.7
XPC939 (12| 1.0 14! 13 12/ 11 1314 | 1.6 12! 14 13} 1.2 15| 10 08! 12 13/ 12 15
XPD312 | 11|08 1.3} 1.1 11 11 09| 15 07 1.0 0.8 10| 10 09 1.0 0.8 1.0
XPD751 |14 |14 13!15 13114 14) 10| 1.3 08/ 1.0 09 07 12| 14 12} 13 09/ 07 1.2
XPF 415 ; 1.2 i 1.3 14| 10 i 0.9 1.4
XPG 1104/ 09 | 1.0 08! 08 10 08 0911] 09 11! 1.0 12015 08| 10 07! 10 1215 08
Oxidative stress defense
MNSOD [11]08 08! 11 07! 10 o07]10] 15 08/ 10 13 14 09] 09 [22 09! 13 13 14 0.9

Abbreviations: OR=0ddSs ratio in controls, Cl=confidence interval, Wemen, M=Men, NAA=Non African-American (98% whitedA=African American,
PY=pack-years, y=years

1 Odds ratios are race, age and gender adjustedsusiratified by race, age or gender, respecti@dys ratio not displayed if 95% confidence linaitio

(upper limit/lower limit) >4

2 Odds ratio not displayed if confidence limit cati4

3 Referent is never smokers for all smoking catiegarnless otherwise noted

5 SNP referent = homozygous for common allele, aren to heterozygotes + homozygous for less conatieles, GSTM1& GSTT1referent=present

6 Primary functional category; gene may functiomaduitional pathways e.@OMT in estrogen metabolism

7 GSThap C = haplotype d&8STT1present & STM1present (referent) vs. all oth@STT1& GSTM1combinations of present and null combined
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TableV.B.4d. Gene variant-smoking intensity association in the NCCCS, overall and by gender and race ** (continued)

8 GSThap A=GSTT1null & GSTM1presentGSThap B-GSTT1null & GSTM1null, GSThap D=GSTT1present & STM1null; GSThap C is referent
11 Pack-years= midpoint of category for numberadrg smoked x midpoint of category for number aksasmoked/day

°Could not be pooled for some measures of smokiRJ: p-value for race*smoking interaction term <0.05
Bold = Overall OR

=0OR <=0.7

=OR>=14
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TableV.B.4e. Gene variant-pack-years of smoking association in the NCCCS, overall and by gender and race *?

<=35PY >35PY

Gene pathway/ : :

Genevariant ° OR?| W M ! NAA AA | <65y >=65y| OR M ! NAA <65y >=65y

Xenobiotic metabolism °

GST hap C 13 | 16 11 11 17! 15 1.2 1.0 1.1} 08 1.0

GST hap A 15 | 1.9 12 10 21 1.2 1.2 i

GST hap B 08 | 1.2 i 0.8 :

GST hap 14 | 1.6 13i 13 18i 18 1.2 1.0 1.2 1.0 0.9

GSTM1 11 | 1.3 10; 11 1.1 11 1.1)| 09 1.0} 0.9 1.0

GSTT1 1.2 08i 08 14 11 0.9 09 06 0.9

MEH 113 08 | 0.7 09! 08 08 0.7 1.0 0.7 06 0.7 0.6

MEH 139 08 | 1.4 1.0i 11 14 1.2 1.2 | 06 1.0 0.9 1.2

DNA repair

POLD1 119 | 07 | 11 09! 10 1.2 09 [ o6 101 1.2 1.0
Base excision repair

ADPRT 762 11 [ 1.2 10} 12 1.0 1.2 1.0 10 0.9

ADPRTL2 328 11 | 1.2 10; 1.2 1.0 1.1 1.2 1.0 1.2 1.2

APE1 148 11 | 1.2 09! 12 10 11 1.0[ 12 1.0 1.4 1.3

XRCC1 194 08 | 05 | 0.7 09 0.7 0.8 ;

XRCC1 280 1.2

XRCC1 399 1.2 | 12 10! 13 10 08 1.4 0.9 07! 0.9 1.0
Double strand break repair

NBS1 185 10 [07 08! 07 07! 07 0.8 0.8 0.6 ! 0.7

XRCC3 241 08 |08 09 07 11 09 08 11 15 1.1 1.2

MLH1 219 12 |08 16 | 1.0 13i 1.8 0.9 1.0 1.0i 0.6 0.6

MSH3 1036 10 |17 08} 11 1.3 14 1.1 15 08! 1.3 1.3

MSH3 940 12 |09 07 i 09 08/ 08 09| 13 071 1.0 1.1

MSH6 39 08 |09 10! 10 09 11 09| 1.0 09: 07 0.7
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TableV.B.4e.
Gene variant-pack-years of smoking association in the NCCCS, overall and by gender and race ? (continued)

<=35PY >35PY

Gene pathway/
Genevariant ° OR?>| W M

i NAA AA | <65y >=65y| OR \W M NAA AA | <65y >=65y

Nucleotide excision repair

RAD23B 10 | 06 10! 07 09! 09 07 1.1 08 | 07 0.5
XPC 499 09 | 1.1 08; 08 1.3 1.0 09| 07 08 | 06 0.6
XPC 939 11 | 1.1 11! 12 1.1 1.0 1.3| 15 1.1 | 16 1.6
XPD 312 10 | 1.0 10; 10 1.0 1.0 1.0 1.0 08 | 09 0.8
XPD 751 12 | 1.4 11! 13 11 1.2 1.3 12 1.0 | 1.0 0.9
XPF 415 0.9 1.0 1.1 1.1 D11

XPG 1104 09 | 09 08! 08 10 1.1 08| 1.3 09 | 13 0.8

Oxidative stress defense
MNSOD | 122 ]11 o08! 10 09 1.2 08] 08 | 11 | 15 1.4

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, Witkmen, M=Men, NAA=Non African-American (98% white),
AA=African American, PY=pack-years, y=years

! Odds ratios are race, age and gender adjustessustiatified by race, age or gender, respectively
20dds ratio not displayed if confidence limit ratid

$Referent is never smokers for all smoking categanigless otherwise noted

®>SNP referent = homozygous for common allele, coepéw heterozygotes + homozygous for less comnieles|GSTM1&
GSTT1referent=present

® Primary functional category; gene may functiondidigional pathways e.COMT in estrogen metabolism

"GSThap C = haplotype @8STT1present & STMipresent (referent) vs. all oth@STT1& GSTM1combinations of present and
null combined

8GSThap A<GSTT1null & GSTM1presentGSThap B=-GSTT1null & GSTM1null, GSThap D=GSTT1present &STM1null; GST
hap C is referent

! pack-years= midpoint of category for number of gesamoked x midpoint of category for number of pasikeked/day

°Could not be pooled for some measures of smokiRgJ. p-value for race*smoking interaction term <0.05
Bold = Overall OR

= OR <=0.7
= OR >=1.4



Table V.B.5: Gene variant-smoking associationsin CBCSand NCCCS

J0¢C

Smoking Status Duration Pack-years
Ever smoking| Current | Former 11-20y >20y <1/2pk <=35PY | >35PY
(OR,)*® | smokers | smokers (OR,) (OR,) (OR,) 10 (OR,)

(Ref: Not | (ORy) (OR))

Current) ’
Gene
pathway °/
gene
variant ® B® 'c¢c*|B C|8B B . c|B c|8B c|B|C
X enobiotic metabolism °
GSTM1 1.0 1.0 1.1/ 07| 1.0 3 1i0 1.0 1.0 9 1]1.7] 09
GSTT1 1.0 1.0 1.1] 1.1y 09 1.0/ 1.0f 1.0 09 138 1.0 0.9
DNA repair
Base excision repair
APE1 148 1.1 11| 1.2] 1.0 11 2 1.1] 1.1 1.4 10 1.8 1.1 [1113] 1.2
XRCC1194| 1.1 08| 1.1 09 1.1 2 0.9 1.1 09| 1.2 0.§ 16| 0.8
XRCC1280] 0.9 1.3| 0.9 0.9 0.9 1.0 1.2| 0.9 1.2
XRCC1399 1.0 11| 1.2 1.0 1. 13 1.1 [1.2 |1120] 0.9 0 12 1.0 09
Double strand break repair
NBS1 185 1.2 09| 1.0, 0. 1.2 0. . 8 12 09 13 (2 |1m8]| 1.1 2 10 1.0 0.8
XRCC3 241 0.9 09| 1.2/ 1.1 0.8 O. 4 10 O 0.8/ 07| 1.1 1.0] 0.9 9 08 0.8 |11
Nucleotide excision repair
HRAD23B 1.1 11| 1.2] 1.0 10 11 1p 1{0 1 12 09 .8 |1121] 1.0 1 130 12 1.1
XPC 939 0.9 1.2 1.0/ 1.0 09 18 10 1f2 1 1.0 09 [1.1 |0193] 1.1 1.1 1115
XPD 312 1.0 10| 1.1 09 10 211 14 09 O 13 1.2 [1.0 |1m9]| 1.0 1 10 09 1.0
XPD 751 1.2 1.2 1.2] 1.0 11 18 1p 1}2 O 1.3/ 15| 13| 1.0 1.1 12| 1.1 1.2
XPF 415 1.0 1.0l 1.0 1.3 11 09 10 12 1 1.0 0.9 1.0 1.1| 0.9 .0 09 10 111
XPG 1104 0.9 1.0/ 08/ 122 10 09 08 12 O 1.0/ 08/ 09 12 0.9 0.9 |0192 | 1.3
Oxidative stress defense
MNSOD 1.0 | 1.0] 09] 1.1 1.1 10 10 [124]10][ 09 10 14 10 1p 10 099 10 [14] 08

Abbreviations: OR=o0dds ratio in controls, Cl=confidence interval,#4ck-years, met=metabolism, Ph=Phase, CBCS=B=iGarBleast Cancer Study,
NCCCS=C=North Carolina Colon Cancer Study, y=yepkspacks/day
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Table V.B.5: Gene variant-smoking associationsin CBCS and NCCCS (continued)

*All odds ratios from CBCS (B) are race and age stefjil
* All odds ratios from NCCCS (C) are race, age amtlgeadjusted
® Odds ratio not displayed if 95% confidence linaitio (upper limit/lower limit) >4
® Referent is never smokers for all smoking catesgouinless otherwise noted
" Referent is not-current smokers (former + never)
8 SNP referent = homozygous for common allele, coegbéw heterozygotes + homozygous for less comnieles/GSTM1& GSTTlreferent=present
° Primary functional category; gene may functiondidiional pathways e.©OMTin estrogen metabolism
1% pack-years= midpoint of category for number ofrgesanoked x midpoint of category for number of gasinoked/day
Bold = Overall OR
= OR, <=0.7
=OR>=1.4
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Table V.B.6. Gene-variant - smoking associations*in CBCS & NCCCS: Non-African American female controls 40-74 year s of age

Smoking ? Status Duration (years) Intensity (pack/day) Pack-years®
Current
Ever smokers Former Current 1/2-1 <=35
smoking | (Ref: Not | smokers | smokers <=10y 11-20y >20y <1/2pk pk >1 pk PY >35PY
(OR)™ | Current)® | (OR,) (OR) (OR) (OR) | (OR) | (OR) | (OR) | (ORy) | (OR) | (OR))

SNP’ BB ¢&¢|B Cc|B C| B C| B C| B C| B C B ¢ B ¢ B B C B
CBCS
Xenobiotic metabolism ®
CYPIA1 M1 | 0.8 0.9 0.7 0.8 1.0 0.7 0.7 0.6 1.0 0.7 1.1
CYPIA1I M2 | 1.5 2.0
CYPIAL1 M3
CYPIAL1 M4 | 1.6 3.1 2.8 1.2
GSTP1 1.5 0.8 2.0 1.0 2.0 1.5 1.3 1.8 2.2 0.9 1.9 0.7
NAT1 1.2 1.3 1.1 1.4 1.3 1.2 1.7 1.0 1.2
NAT2 1.1 2.0 0.9 1.9 1.1 1.5 0.8 1.2 1.3 0.9
COMT 0.6 0.7 0.6 0.6 0.4 0.7 0.5 0.8 0.5 0.7 0.5
DNA repair
hOGG1 1.0 0.9 1.0 0.9 1.1 1.1 0.9 0.8 11] 1.1 1.0 1.0
MYH 324 1.0 0.9 1.1 0.9 1.2 0.8 1.1 1.0 10| 1.0 1.0 1.1
BRCA2 24 0.9 0.8 1.0 0.8 1.0 0.8 0.9 1.0 0.8| 0.9 1.0 0.7
BRCA2 372 | 1.3 1.2 1.3 1.3 1.2 1.8 1.2 0.9 1.3 1.7 1.2 1.6
XRCC2188 | 0.8 0.7 0.8 0.7 0.5 0.9 0.9 0.6 0.6 1.0 0.7 1.0
XRCC4 -
28073 1.1 1.1 1.1 1.1 0.7 1.0 1.5 0.9 1.1 1.4 1.0 1.7
MGMT 84 1.0 1.0 0.9 1.0 1.3 0.9 0.8 1.0 1.0| 0.8 1.0 0.6
ERCC1
8092 0.9 0.8 0.9 0.8 0.9 0.8 0.9 0.9 1.1| 0.8 1.0 0.7
ERCC6
1213 1.4 1.8 1.2 1.9 1.2 1.4 1.5 1.3 1.4 1.4 1.5 1.1
ERCC6
1230 0.8 1.0 0.7 0.9 0.7 0.8 0.9 0.8 0.9 0.7 0.8 0.6
Other
CDH1 0.8 0.9 0.8 0.8 0.9 0.8 0.8 1.0 0.8| 0.8 0.8 0.9
TGFB1 0.9 0.7 1.1 0.7 1.3 0.9 0.8 1.1 1.0 0.8 1.0 0.8
MPO 1.3 1.2 1.3 1.3 1.4 1.0 1.4 1.5 1.2 1.2 1.3 1.2
NQO1 1.4 1.4 1.3 1.6 1.2 1.4 1.5 1.2 1.6 1.3 1.4 1.4




=0¢

Table V.B.6. Gene-variant - smoking associations*in CBCS & NCCCS: Non-African American female controls 40-74 year s of age (continued)

Smoking % Status Duration (years) Intensity (pack/day) Pack-years®
Current
Ever smokers Former | Current 1/2-1 <=35
smoking | (Ref: Not | smokers | smokers <=10y 11-20y >20y <1/2pk pk >1 pk PY >35PY
(OR)™ | Current)® | (OR) | (OR) (OR) | (OR) | (OR) | (OR) | (OR) | (OR) | (ORy) | (ORy)
SNP’ B® ¢ B C|B C|B ¢C B C| B C B C| B C| B ¢ B CB d B
NCCCS
Xenobiotic metabolism °
MEH 113 0.6 0.6 0.4 0.5 0.5
MEH 139 1.0 1.0 1.1 1.3 1.2
GST hap C° 0.7 0.7 0.6 0.4 1.0
GST hap A?
GST hap B?
GST hap DF 1.1 1.0 0.9 1.4
DNA repair
POLD1 119 1.5 1.4 15 1.7 1.6
ADPRT 762 1.7 1.4 1.7 1.9 1.7
ADPRTL2 328 1.1 1.2 1.0 1.0 1.2
MLH1 219 0.6 0.6 0.5 0.7
MSH3 1036 2.2 2.7 2.1
MSH3 940 1.5 1.6 1.7 1.1
MSH6 39 0.7 0.7 0.6 0.5 0.8
XPC 499 0.7 0.7 0.6 0.6 0.8
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Table V.B.6. Gene-variant - smoking associations*in CBCS & NCCCS: Non-African American female controls 40-74 year s of age (continued)

Smoking 2 Status Duration (years) Intensity (pack/day) Pack—years3
Current
Ever smokers For mer Current 1/2-1
smoking | (Ref: Not smokers smokers | <=10y 11-20y >20y <1/2pk pk >1 pk <=35PY >35PY
(OR) ™ | Current)® | (OR) (OR) | (OR) | (OR) | (OR) | (OR) | (OR) | (OR) | (OR) | (OR)

SNP’ B® c°| B C B C B C| B C B ¢ B C| B ¢ B ¢ B € B C B
CBCSand NCCCS
Xenobiotic metabolism °
GSTM1 1.1 08| 0.9 1.3 0.8 1.0 1.4 0.9 1.2 07| 1.0 1.0 1.4 1.0 11| 1.7
GSTT1 0.7 05| 0.9 0.7 06| 0.8 0.8 1.1 0.8 0.6
DNA repair
APE1 148 1.3 13| 1.3 1.2 1.7 14 1.2 1.3 1.3 1.3 1.2 1.5 12 14| 1.8
XRCC1
194 1.0 0.9 1.1 1.0 1.4 0.7 1.0 1.2 0.6 1.4 0.9 1.5
XRCC1
280 0.9 0.8 1.0 0.8 0.9 1.1 0.8 0.9 0.9 0.8 1.2
XRCC1
399 1.1 16| 1.3 1.0 18| 1.3 0.9 1.3 1.2 1.8 | 1.1 1.3 1.0 1.2 1.6 | 0.9
NBS1185 | 1.3 0.7 | 1.0 14 07| 1.2 1.3 1.3 14 06| 1.1 1.4 1.4 14 08| 1.1
XRCC3
241 09 05| 1.2 08 04| 11 0.8 1.0 0¢ 06| 0.8 1.1 0.8 0.¢ 05| 0.8
HRAD23B | 1.1 06| 1.5 09 038 14 0.8 0.8 1.3 06| 09 1.1 1.2 1. 06 | 1.2
XPC 939 09 17| 11 09 16| 1.0 1.2 0.8 0¢ 24| 1.2 0.8 0.9 0¢ 14| 1.2
XPD 312 1.1 1.7 | 1.1 1.0 1.7 1.1 1.0 1.1 1.1 1.8 | 1.0 1.1 1.1 1.1 1.4 | 0.9
XPD 751 1.2 19| 1.1 1.3 21| 1.2 1.1 1.3 1.2 15| 1.3 1.1 1.3 1.2 16| 1.1
XPF 415 1.2 1.1 1.1 1.2 1.4 1.1 1.0 0.9 1.1 1.5 1.1 1.3
XPG 1104 | 1.0 1.1| 0.8 1.1 1.( 0.9 1.1 1.1 116 1.0 1.1 1.0 0¢ 06| 14
Other
MnSOD | 09 15| 0.9 | 1.0 16| 0.9 | 1.1 |07 | 10 12 09 | 08 | 11 | 08 116

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval,#éack-years, CBCS=Carolina Breast Cancer Study, G&tNorth Carolina Colon
Cancer Study, y=years, pk=packs/day, SNP=singl&eatide polymorphism, B=Breast cancer (CBCS), Cenaancer (NCCCS)
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Table V.B.6. Gene-variant - smoking associations*in CBCS & NCCCS: Non-African American female controls 40-74 year s of age (continued)

! OR=0dds ratio; OR not presented if 95% confiddim ratio >5 (upper limit/lower limit>5)
2 Referent is never smokers for all QRless otherwise noted

% Pack-years= number of years smoked x packs smike{20cigarettes=1 pack]

“All OR, are age adjusted (continuous)

® Referent is not-current smokers (former + never)

® Primary functional category, gene may functiondudiional pathways e. €OMT in estrogen metabolism
"SNP referent = homozygous for common allele (coeg#n heterozygotes + homozygous for less comnietes); ref=present f0l6STM1& GSTT1
ref=rapid forNAT1andNAT2
8 B=CBCS (breast cancer study)
® CO=NCCCS (colon cancer study)
€ GSThap C = haplotype dBSTT1present &STM1lpresent (referent) vs. all oth&STT1& GSTM1combinations of present and null
1 GSThap A=haplotype o6STT1null & GSTMipresent GSThap C is referent
12GSThap B=haplotype dBSTT1null & GSTM1null; GSThap C is referent
13GSThap D=haplotype 0dBSTT1present &STM1null; GSThap C is referent
Bold = Overall OR
= OR <=0.7
=OR>=14



Table V.B.7. Gene variant-smoking status association in GSEC, CBCS and NCCCS controls
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Ever For mer
Gene* GSEC! CBCS? NCccs?® GSEC! CBCS? NCccs?®
OR, 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI

CYP1A1

All 09 08 1.1 - 09 07 1.1 -

Women 11 09 14 10 0.7 13 - 11 08 16 10 06 14 -

Non-

hospital 09 07 11 10 0.7 13 -- 08 07 1.1 10 06 14 --
GSTM1

All 09 09 1.0 10 08 14 09 08 1.1 12 08 16

Women 09 08 1.1 1.0 0.7 1.4 1.0 0.7 1.6 08 0.7 1.0 1.0 0.7 15 1.0 06 1.6
Non-

hospital 09 08 1.0 1.0 0.7 14 1.0 08 14 1.0 08 11 1.0 0.7 15 1.2 08 1.6
GSTT1

All 1.0 09 1.2 1.0 0.7 13 11 09 13 09 0.7 1.3

Women 08 07 1.0 1.0 06 15 1.0 0.7 1.6 09 0.7 13 09 06 1.6 1.0 06 1.6

Non-

hospital 1.3 11 15 1.0 06 15 1.0 0.7 13 1.3 1.0 1.7 09 06 16 09 0.7 1.3
GSTP1

All 11 09 1.2 -- 1.0 08 1.2 -

Women 08 06 1.1 1.2 08 1.7 -- 08 06 1.2 1.8 11 26 --

Non-

hospital 11 09 13 1.2 08 1.7 -- 1.0 0.8 1.3 1.8 11 26 --
NAT2

All 1.0 09 1.2 -- 11 09 1.3 --

Women 11 09 13 09 0.7 15 -- 1.3 10 1.8 08 06 14 --

Non-

hospital 09 07 1.0 09 0.7 15 -- 10 08 1.2 08 06 14 --




Table V.B.7. Gene variant-smoking status association in GSEC, CBCS and NCCCS controls (continued)

L0¢

Current
Gene* GSEC! CBCS? NCCCS?
OR, 95% CI OR 95% CI OR 95% CI

CYP1Al

All 10 09 1.2 --

Women 1.3 098 1.7 1.0 06 1.4 --

Non-

hospital 10 08 1.2 10 06 14 --
GSTM1

All 09 08 1.0 08 05 1.2

Women 10 08 1.2 11 0.7 1.6 11 06 21

Non-

hospital 09 08 1.0 11 0.7 1.6 08 05 1.2
GSTT1

All 10 08 1.2 11 0.7 1.6

Women -- 11 06 1.7 11 06 21

Non-

hospital 12 10 1.6 11 06 1.7 11 0.7 1.6
GSTP1

All 11 09 1.3 --

Women 07 04 1.0 08 05 1.2 --

Non-

hospital 11 09 14 08 05 12 --
NAT2

All 09 08 11 --

Women 1.0 08 13 1.2 08 21 --

Non-

hospital 08 0.6 0.9 12 08 21 --

Abbreviations: OR=0dds ratio in controls, Cl=confidence intervaB@S=Carolina Breast Cancer Study, NCCCS=North Gadlolon Cancer
Study, GSEC= Collaborative Study on Genetic Sudcéipt to Environmental Carcinogens

! Adjusted for study, gender, age and ethnicity (Sr2@04)

2 Adjusted for age and race

% Adjusted for gender, age and race unless stratifjiegender

“ Smits 2004: Referent is "wild-type" (WT) (i.e. mgghe homozygotes) vs. having >=1 variant all€@¥P1A1 M1 is the variant alleldyAT2 *4
allele is variant allele (rapid acetylato§STandGSTMreferents are genotypes with >= 1 allele vs. d®edf both alleles (variant=null);

Bold = OR
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TableV.B.8. Misspecification for Gene variant-smoking status associations (OR, %) in the CBCS and NCCCS

Status Duration I ntensity Pack-years9
Gene pathway ®/ <=10 | 11-20 | >20 <1/2 12-1 >1 <=35 >35
Genevariant ° Ever ® | Current” | Former | Current | years | years | years | pk/day | pk/day | pk/day PY PY
CBCS*?
Xenobiotic metabolism °
CYPIAL M1 1.0 1.0 1.0 1.0 1.0 1.3 0.8 0.9 1.0 1.0 1.(
CYPIAL M2 1.8 211 1.6
CYPIAL M3 0.9 1.0
CYPIAL M4 1.3 251
GSTM1 1.0 1.1 1.0 11 1.1 1.0 1.0 0.9 0.9 1.3 0.9 1.7
GSTP1 1.2 0.7 1.81° 0.8 1.9 | 1.0 1.0 1.2 1.8 0.9 1.4 0.7
GSTT1 1.0 11 0.9 11 1.0 1.0 1.3 11 1.0
NAT1 0.9 1.2 0.8 1.1 0.6 1.1 1.1 0.8 1.2 0.9 0.9
NAT2 0.9 1.3 0.8 1.2 0.8 0.9 1.1 0.8 1.0 1. 0.9
COMT 0.8 0.9 0.8 0.9 1.0 0.8 0.8 0.9 1.2 06* ]‘ 09 05"
DNA repair
Base excision repair
APEL1 148 1.1 1.2 1.1 1.2 1.2 1.1 1.1 1.3 0.9 1.2 1.] 13
hOGG1 1.0 0.9 11 1.0 1.4 1.1 0.9 0.9 11 1.1 11 0.9
MYH 324 1.0 0.8 11 0.9 1.0 1.0 1.0 1.0 0.9 1.4 1.( 1.0
XRCC1 194 1.1 1.1 1.1 1.2 1.4 0.9 1.1 1.2 1.0 1.2 1.1 1.6
XRCC1 280 0.9 0.9 0.9 0.9 0.8 0.9 1.0 0.9 1.0 0.8 0.
XRCC1 399 1.0 1.2 1.0 1.2 0.8 1.1 1.2 0.9 1.1 1.9 1.3 1.0
Double strand break repair
BRCA2 24 0.9 0.9 1.0 0.9 0.9 1.0 0.9 0.8 1.0 0.9 O.Sll 0.8
BRCA2 372 121 1.2 1.2 1.3 1.0 15" | 1.3 1.1 1.2 16" 12 | 16"
NBS1 185 1.2 1.0 1.2 1.1 1.2 1.3 1.1 1.1 1.2 1.2 1.2 1.0
XRCC2 188 0.9 0.9 0.9 0.8 0.9 0.9 0.9 0.8 0.8 1.9 O.j 11
XRCC3 241 0.9 1.2 0.8 11 0.8 0.8 1.1 0.9 0.9 0.9 0.¢ 0.8
XRCC4 -28073 1.2 1.2 1.1 1.3 1.1 1.0 1.3 1.1 1.2 1.2 1.4 1.5
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TableV.B.8. Misspecification for Gene variant-smoking status associations (OR, ) in the CBCS and NCCCS (continued)

OFr © R, N

Status Duration I ntensity Pack-years9
Gene pathway °/ <=10 | 11-20 | >20 <1/2 12-1 >1 <=35 >35
Genevariant’ Ever ® | Current”® || Former | Current | years | years | years || pk/day | pk/day | pk/day PY PY
CBCS'?
Mismatch repair
MGMT 84 | oo] o8 | 11 ] o8 | 13] 10lo7®] 11 | o8 | o9 | 10 os®
Nucleotide excision repair
ERCC1 8092 1.0 1.0 1.0 1.0 1.0 1.1 0.9 1.0 1.0 0.9 1.0 0.7
ERCC6 1213 1.2 161 1.0 161 1.2 1.2 1.2 1.3 1.3 1.0 13% 0.8
ERCC6 1230 0.9 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 0.9 04 0.7
HRAD23B 1.1 1.2 1.0 1.2 1.2 0.9 1.2 1.0 1.1 1.9 1.1 1
XPC 939 0.9 1.0 0.9 1.0 1.0 0.9 0.9 1.1 0.8 0.9 0.9 1
XPD 312 1.0 1.1 1.0 1.1 0.9 1.2 1.1] 1.0 1.1 1.1 1.1 0.
XPD 751 1.2 1.2 1.1 1.2 0.9 1.3 1.3 1.1 1.2 1.9 1. 1
XPF 415 1.0 1.0 1.1 1.0 1.1 0.9 1.0 0.9 1.0 1.1 1.( 1
XPF 662 1.1 1.4 1.0 1.3 11| 1.4 1.0 1.4 0.9 0.9 1.2
XPG 1104 0.9 0.8 1.0 0.8 0.9 1.0 0.9 0.9 0.9 0.9 0.4 1
Other
CDH1 0.8 0.8 0.8 0.8 09| 07| o8 0.9 0.8 0.7%° 0.8% 0.9
TGFB1 1.1 0.8 1.2 0.9 1.3 1.1 1.0 1.2 1.1 0.9 1.1 0.
MnSOD 1.0 0.9 1.1 0.9 1.0 1.0 1.0 1.0 1.0 1.4 1.0 1.4
MPO 1.0 1.0 1.0 1.0 0.9 1.1 1.1] 1.0 1.0 1. 1.( 1
NQO1 1.0 1.0 1.0 1.0 1.0 1.0 1.1] 1.0 1.2 o.j 1.( 1
NCCCS™?
Xenobiotic metabolism °
GST hap C 1.2 1.0 1.3 1.2 1.5 1.1 1.2 || 17%° 1.0 1.2 1.3 1.0
GST hap & 1.4 1.5 1.3 1.7 1.6 1.3 || 1.4 1.8% 1.2 1.3 1.5 1.2
GST hap B 0.8 0.6 0.9 0.7 1.1 051 0.9 0.8
GST hap 1.3 0.9 1.4 1.1 1.7 1.1 1.2 || 19% 1.0 1.3 1.4 1.0
GSTM1 1.0 0.7 1.2 0.8 1.3 0.9 1.0 1.4 0.8 1.1 1.1 0.9
GSTT1 1.0 1.1 0.9 1.1 1.0 1.0 0.9 1.1 0.8 0.9 1.( o
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TableV.B.8. Misspecification for Gene variant-smoking status associations (OR, %) in the CBCS and NCCCS (continued)

Status Duration I ntensity Pack-years®
Gene pathway ®/ <=10 | 11-20 | >20 <1/2 12-1 >1 <=35 >35
Genevariant > Ever ® | Current”® || Former | Current | years | years | years || pk/day | pk/day | pk/day PY PY
NCCCS*?
Xenobiotic metabolism ° (continued)
MEH 113 0.7 0.8 0.8 0.7 0.7 | 0.7 0.8 0.9 0.7 0.6 08 | 07"
MEH 139 0.8 0.6 " 0.9 06" 1.0 08 [07®] 0.9 0.8 0.6 " 08 06"
DNA repair
POLD1 119 l o7] o8 | o7 | o7 | 07| o9 o7 06 | o8 | 06 | 07 | o6
Base excision repair
ADPRT 762 11 1.2 1.0 1.2 1.2 0.7 1.2 11 11 1.1 11 1.0
ADPRTL2 328 11 1.1 11 11 1.0 1.0 1.2 0.9 1.2 1.2 1.] 1
APEL1 148 1.1 1.0 1.1 1.1 1.4 1.1 1.0 1.1 1.2 1.1 1.1 1.2
XRCC1 194 0.8 0.9 0.8 0.8 0.9 0.7 0.7 11 0.8 0.8
XRCC1 280 1.3 1.3 1.2 1.2
XRCC1 399 1.1 1.0 1.1 1.0 1.3 1.2 1.0 1.2 1.2 0.9 1.7 0
Double strand break repair
NBS1 185 0.9 0.8 0.9 0.8 0.9 1.2 0.8 1.0 0.8 1.0 1.( (o)}
XRCC3 241 0.9 1.1 0.8 1.0 0.7 0.7 1.0 0.9 0.8 1.1 0.8 1.1]
Mismatch repair
MLH1 219 11 0.8 1.2 0.9 1.4 1.0 11 11 1.2 1.2 1.2 1.4
MSH3 1036 11 1.0 1.1 1.0 1.0 1.1 1.0 0.8 11 1.3 1.4 1.5
MSH3 940 1.2 0.7 1.4 0.8 1.2 1.6 1.1 1.1 1.2 1.6 1.2 1.3
MSH6 39 0.9 0.7 1.0 0.7 0.8 0.9 0.9 0.8 0.9 0.9 0.8 1.0
Nucleotide excision repair
RAD23B 11 1.0 11 1.0 1.2 0.8 1.1 1.2 1.0 0.9 1.( 1
XPC 499 0.8 1.1 0.8 1.0 0.8 0.9 0.9 1.0 0.8 0.8 0.9 0.7
XPC 939 1.2 1.0 1.3 1.1 1.0 1.1 1.3 1.2 1.4 1.0 1.1 1.5
XPD 312 1.0 0.9 11 0.9 1.3 1.0 0.9 1.1 0.9 1.0 1.( 1
XPD 751 1.2 1.0 1.3 1.1 1.5 1.5 1.0 1.4 1.0 1.4 1.2 1.2
XPF 415 1.0 1.3 0.9 1.2 1.0 11 1.2 1.0 0.9 11
XPG 1104 1.0 1.2 0.9 1.2 0.7 0.8 1.2 0.9 1.1 1.0 0.9 1.3
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TableV.B.8. Misspecification for Gene variant-smoking status associations (OR, ) in the CBCS and NCCCS (continued)

Status Duration I ntensity Pack-years®
Gene pathway ®/ <=10 | 11-20 | >20 <1/2 12-1 >1 <=35 >35
Genevariant’ Ever ® | Current”® || Former | Current | years | years | years || pk/day | pk/day | pk/day PY PY
NCccs™?
Other
MNSOD l 0] 212 | 10] 21 | 10] 24 oo] 21| 20] o9 11] o4

Abbreviations: OR=0dds ratio in controls, Cl=confidence interval, #dack-years, y=years, pk/day=packs/day, CBCS=CQard@reast Cancer
Study, NCCCS=North Carolina Colon Cancer Study, Sdifyle nucleotide polymorphism

! Odds ratio not displayed if 95% confidence linaitio (upper limit/lower limit) >4

2Qdds ratios are race and age-adjusted for CBCS; aae and gender-adjusted for NCCCS
% Referent is never smokers for all smoking categouinless otherwise noted

* Referent is not-current smokers (former + never)

®>SNP referent = homozygous for common allele, coeghéw heterozygotes + homozygous for less comnieles/GSTM1& GSTT1
referent=present

® Primary functional category; gene may functiondidigional pathways eGOMT in estrogen metabolism
"GSThap C = haplotype @8STT1present & STMipresent (referent) vs. all oth@STT1& GSTM1combinations of present and null combined
8GSThap A=GSTT1null & GSTM1presentGSThap B=GSTT1null & GSTM1null, GSThap D=GSTT1present &STM1null; GSThap C is
referent
® Pack-years= midpoint of category for number ofrgesanoked x midpoint of category for numer of pask®mked/day
19 statistically significant at alpha=0.05
Bold = OR, significant at alpha=0.05
= OR <=0.7
=OR>=1.4
= 0.7<OR<1.4 and significant at alpha=0.05
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TableV.B.9.

Agreement between CBCS and NCCCS gene variant-smoking associations

Kappa® 95% ClI N
Full CBCSand NCCCCS
Null=OR;: 0.9-1.1 CLR<4 -0.07 -0.19 0.06 165
Restricted CBCS and NCCCCS: white women 40-74y
Null=OR;: 0.9-1.1 CLR<5 0.22 -0.01 0.46 52
Null=OR;: 0.8-1.2 CLR<5 0.19 0.01 0.36 52
Null=OR,: 0.9-1.1 CLR<2G 0.16 0.02 0.30 163
Null=OR;: 0.8-1.2 CLR<20 0.20 0.09 0.31 163

Abbreviations: CBCS=Carolina Breast Cancer StddyCCS=North Carolina Colon Study,
Cl=confidence interval, CLR=Confidence limit rafiapper limit/lower limit), N=number of

observations with CLR<5
! Weighted kappa statistic

2 At CLR>20 all data was included except subgroujik ampty cells



VI.CONCLUSIONS AND DICUSSION

. Findings and implicationsfor stand-alone case-only studies

For the interaction estimate from a case-only study (COR) to be equalintettaetion
estimate from a case-control study (SIM) in the same population, there mustdseciataon
between the relevant exposures in the source population (Z=1). The COR willdzktbittse
degree that Z, or a proxy for Z such as the odds ratio from a control grou, iK#t equal to
one. This assumption, that the interacting exposures analyzed in a case-ondyestudy
independent in the population at risk (Z=1), is commonly called the independence assumption.
The overall goal of the dissertation was to examine the case-only indepeadsmegtion in two
different types of empirical control data, study-level data found in thatlitee and individual-
level data from two population-based control groups. Three main conclusions ennengdlolef
results of the studies detailed in Chapters V-A and V-B. First, the heteitygar@R, across
studies is too great to warrant the assumption that Z = 1 for the studied DNrAgexpavariants
and smoking measures.

Results from the systematic review and meta-analysis of DNArr8pits and smoking
behavior (Chapter V-A) showed substantial variation in @fRoss the 55 included studies for all
SNP-smoking OB. The magnitude of many individual study S®as sufficient to bias the
COR to an unacceptable degree (moderate magnitudeédRed as OR=0.7 or >=1.4). The
proportion of studies with at least one moderate magnitude gene-smokimgr@Rd from 0.38
(XRCC1280) to 0.63XRCC3241). In additionXRCC1399 / ever-never smoking axdPD 751 /

PY were too heterogeneous for summary estimates [ranges, OR (9596/G0.4, 1.2) — 1.9 (1.2,



2.8) and 0.8 (0.5, 1.3) — 2.3 (0.8, 6.1), respectively). Even when studies were relatively
homogeneous (p-value for Cochran’s Q > .10).<Br the studies in the meta-analysis varied
from 2- to 5-fold. Further, nearly all SNP-smoking combinations hag O&h above and below
the null. These results show that it is insufficient to look at a one or a small nuncbetrof
groups to assess the potential magnitude or direction of bias that may be introducedseto a
only interaction estimate (COR) when the independence assumption isdziolate

Our analysis of study characteristics in Chapter V-A suggests that tipentance
assumption must be evaluated in a population-specific manner unless theneasidkrzce that Z
is reliably close to the null across multiple populations. An important step @gontucting a
case-only study is deciding what ancillary control data is most approfanagealuating the
independence assumption. For instance, if certain study design charasteaustioe identified
priori that are more valid for evaluating the independence assumption (e.g. populatbn-base
versushospital controls), then only studies with that characteristic should be used toestfsuat
independence assumption. Analysis of study characteristics can clarthyewbenot population-
based studies are homogeneous within specific strata even when there is oegoaeheity or
heterogeneity across other strata. Study characteristics copsi@ni as potentially influencing
the magnitude or heterogeneity of ORay also be used to identify situations where thesQRry
across strata (e.g. male participants, female participants or nere@rgstudies). However, in
our data, no study characteristic was identified as a major source afgeeteity. Study outcome
(lung vs. other cancer), study design (population-based vs. hospital/patient-basad)cantl
average age of study participants were suggestive but did not show consisteati@asralith
OR; values. Therefore, there were no study characteristics that stood out stromggi to be a

reliable guide for decision-making.
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Subgroup analysis of the CBCS and NCCCS control groups in Chapter V-B supported the
meta-analysis study characteristics analysis. There was/gitiation in ORacross strata of age,
race or gender, consistent with the uninformative nature of the study-&adbles average age,
ethnicity or gender proportion in Chapter V-A. Results from the meta-analygiest it is
inappropriate to estimate Z using a limited number of control groups with sshildy
characteristics. Unless further research identifies new shatacteristics that may be influential,
a broad sample of studies is necessary to determine the likely rangs tfdiimay be introduced
by the unmeasured Z.

The second conclusion is that heterogeneity ofs@Rross smoking measures precludes
the use of one measure of smoking (e.g. ever-never smoking) to evaluate the independence
assumption, particularly when analyses of multiple smoking measureddseg.duration) are
planned in a case-only study. Results from Chapters V-A and V-B support this conclitsgon.
CBCS/NCCCS control group analyses confirmed the variability inv@Ries across measures of
smoking within two population-based control groups. Consequently, the independence
assumption needs to be assessed for each exposure measure that will be usedarotiig c
analysis. Taken together, our results do not support the independence of DNA regaan8NP
smoking behavior, either across studies or smoking measures, nor do they support the
independence of the xenobiotic metabolism g&¥B1A1, GSTM1, GSTP1, NAT1, COMT or
MEH and smoking across smoking measures.

The third conclusion is that no strong patterns were apparent when genes werégedtegor
by the biological pathways in which they participate. Neither study shewlgstantial clustering
of moderate magnitude QRby gene category, with 25% and 18% of the xenobiotic metabolizing

genes and DNA repair genes, respectively, consistently null acroasegibdes and both studies.
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There was, however, a suggestion that xenobiotic metabolism genes welikehpthan DNA
repair genes to exhibit variants with multiple moderate magnitude geoldrgy ORs. Our
results clearly indicate that the independence assumption must be assesael f@me variant,
rather than by gene category, for the proposed case-only analysis to be valid.

Taken together, these studies show that a systematic approach to assessing t
independence association is essential prior to conducting a case-only anajgsis-efmoking
interaction. Results from both studies showed that moderate magnitysl¢>GR.4 or <=0.7),
sufficient to cause bias of >10% in the COR, occur in numerous control groups and for multiple
measures of smoking, particularly measures of smoking duration, intensity armisysystematic
approach should include conducting a thorough literature search for publisteedatisteviews,
studies of appropriately pooled data, and studies with relevant control data afthation is
necessary to establish at least the likely range g6 OR sensitivity analysis should be conducted
with available data. In addition, searching for information on the target populatiotei@fsit is
critical. In the absence of appropriate population-specific data, a validat®ynshould be
considered. Further, results show that assessing the independence assumptioreeetynirer
smoking is insufficient, if the proposed case-only analysis is to include laeyraeasures of
smoking behavior. At present, control group data on other smoking measures canuedtiffic
impossible to find in the published literature.

Finally, smoking interaction is an area of interest for many non-cancemoesce.g.
cardiovascular disease) and many of the genes assessed in the curreinhnerojet cancer-
specific (e.gCOMTandCYP1A). The utility and implications of these results are not limited to

cancer research.
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B. Strengths of the systematic review and meta-analysis

There are several notable strengths to the systematic review andnalgtasaof DNA
repair genes and smoking presented in Chapter V-A. The literature searekievessve, using
three publicly available databases, and facilitated by consultation withcamatfon specialist.
Sample size was relatively large (N=55 studies overall), despite thigypafiyaublished control
group data on the joint distribution of DNA repair genotypes and smoking. For somehekPs
were sufficient data to examine smoking duration and intensity, the components dhRYs
important since the smoking measure of interest for a proposed case-onl stkely be
something other than ever-never smoking, the crudest and most commonly presasiec rof
smoking for control groups in the literature. Further, for most studies thanpeddata on
smoking amount, we were able to construct at least one measure of smokingistatusppare
results within the same study, confirming that the direction and magnitud, dr smoking
status and smoking amount often differ within the same study population.

The large number of studies increased our ability to detect and investigatebaeity
between studies and improved precision when study results were sufficientgémeous to
warrant summary estimates. We were able to examine numerous strabtatgtics (continent,
ethnicity, average age, proportion male, HWE p-value, study outcome, minor allelanfngcpred
smoking prevalence) using a variety of metrics, in an effort to discoveotiee(s) of
heterogeneity. Although no characteristic was shown to be a major sourterofbeeity, this in
itself is useful information for investigators with only published or angiltata for evaluation of

the independence assumption.
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Visual inspection and tests of funnel plot asymmetry supported our expectation that
publication bias would be minimal, given that control group associations are not generall

considered when publication decisions are made.

. Limitations of the systematic review and meta-analysis

Because no individual level data on controls was available in the literature, only
unadjusted estimates of @Bbuld be calculated from published control group data using the joint
distribution of genotype and smoking. Consequently;s@Ruld be confounded. Additionally,
results only apply at the level of the study, even when a characteristioidivadual level
variable at collection, such as age or gender. This is analogous to the ecdbgjic feor
instance, conclusions that apply to studies with a higher average age fopaaisi do not
necessarily apply to the older participants within that study, and in fact bewue entirely to the
younger individuals in the study.

Some study characteristics were difficult to determine accuratety ublished reports, in
particular age and ethnicity. Although a consistent rubric for centraétegaf age (“average”
age) was applied, and all studies but one gave some indication of participant agesltbk |
detail varied widely and some studies are likely to be misclassifieticipants’ ethnicity was
often not reported. However, results did not differ according to study-rdpeheicity, ethnicity
assigned by continent and ethnicity assigned by MAF. Since participatiosraigaby smoking
status [117-120], it would have been informative to have included response rates as a study
characteristic. However, too few studies presented comparable data oneaspeso assess this

characteristic.
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D. Strengthsof the control group analyses

The strengths of the control group analysis of genetic variation and smokiggQBCS
and NCCCS data presented in Chapter V-B complemented the strengths ofdimayseview
and offset some of its limitations. Both the CBCS and NCCCS control groulasgereand
population-based. The target population for the independence assumption is the population from
which the cases arise. In these two studies, the control groups come fronalysensame
underlying population, albeit from partially overlapping geographic areasmaagberiods. The
studies used the same sampling scheme, oversampling African Americen®My/ records and
HCFA lists, so that there was adequate sample size to perform subgroigisamnatace.

Because gene-smoking interaction is of interest in breast and colon cheewére
sufficient data to examine multiple genes in different metabolic pathwaysilply related to
smoking behavior. The CBCS and NCCCS had data for 38 and 25 relevant gene variants,
respectively. Fifteen of the variants were assayed in both studies smagtdetween studies
with essentially the same underlying population could be examined. Additionallgrbe g
variants were in several different pathways, primarily xenobiotichoézng genes and DNA
repair genes, giving additional insight into whether genes in a common pathwayhavght
similar associations with smoking.

The sample size, level of detail in the smoking information and inclusion of more than one
ethnic group are notable strengths of this study. Confounding by race, age, gentiehistony
of any cancer and family income were also evaluated. Confounder evaluathortant since
only unadjusted OR are available from the published literature and the independence assumption
applies to the unconfounded G-E association. Both studies had detailed data on smoking behavio

so OR could be calculated for multiple metrics for smoking status (ever-never eedtenot
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current smoking) and amount (duration, intensity and PY). In contrast, for theunadyais no
individual level data was available, nor could (R calculated for all five smoking measures for

any single study.

. Limitations of the control group analyses

Selection bias in the CBCS or NCCCS could have biased.ORnon-response by
eligible controls was associated with smoking behavior and with gene statss;@RI be biased
in an unpredictable direction; however, prevalence of current smoking in the @&CSmilar to
that in North Carolina during this time period. Participants are very unlikddgdaw their
genotype, although it is possible that knowing one’s family history of cancenda proxy for
genotype) could affect participation.

Some misclassification of smoking behavior is likely and could have affectgltste
Smoking data is self-reported; there are no biological measures of smoking behtheoc€BCS
or NCCCS. Given that the negative health effects of smoking are well known, ikislyittiat
controls would over-estimate their tobacco consumption. If a proportion of currekérsmvere
misclassified as not current smokers (former+never), and misclasisifivas non-differential by
genotype, OB for current smoking would be biased away from the null. However, if smoking
misclassification is similar to estimates in the literature fergéneral population (<2%-13%)
[284-287], the magnitude of bias was small at thesD&moking and genotype prevalences
typical in CBCS and NCCCS control groups. For measures of smoking with more than tw
categories, such as current/former/never, duration or intensity, theatirettbias is
unpredictable. If misclassification was differential by genotype, tteetiton of bias is
unpredictable. However, participants are unaware of their genotypesothatés unlikely that

any misclassification is differential by genotype.
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Population stratification could have caused some residual confounding despite adjustme
for race. Stratification by race did not reveal any systematic difessin ORS however.

The gene variants included in this study were a convenience sample of gateefrom
parent studies of cancer rather than candidate genes from a study designedigatesesoking
behavior. As such, genes thought to be important in smoking behavior, but not in breast or colon
cancer, could not be assessed.

Precise gene function is unknown for the majority of gene variants. This limit
interpretation of gene-smoking associations but is a limitation common tostatgs of genetic
exposures at this point in time. Further, gene variants could be in linkage diseoilath
causal variants, rather than being the true causal variant. Finally, chattcbamiplayed a role
in the associations found. However, using strict criteria for confidenceréitios reduced the

number of imprecise estimates considered, therefore reducing the roleoé anghese results.

. Futuredirections

In the short term, it would be extremely useful to have more detailed control group
information publicly available from large population-based studies for ayafigenes and
exposures. Any environmental factor (i.e. non-genetic factor) whos¢ miiigltt be modified by
genetic variation should be included in the accessible databases. This should includeydout not
limited to smoking, alcohol consumption, BMI, air pollution levels, occupational expceodes
birth/prenatal exposures such as birthweight, and common medication use sucHRS N34t
as ever-never smoking GRdid not predict OR for smoking amounts, this data must be
available at approximately the same level of detail as the proposedrigsmalyses to be a valid

test of the independence assumption.
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At present, control group data on smoking measures other than ever-never cacuie diffi
or impossible to find in the published literature. The results from the CBCS and Sl&@tG/sis
confirm that this information often differs from @®r smoking status. It would be useful to
have more detailed data on smoking amounts (duration, intensity, time sind®odssdormer
smokers, age of initiation, nicotine dependence indices, etc.) than is ususdigtpck ideally
stratified by race, age and gender. Given that many studies alreaty oolich more detailed
information on smoking behavior in controls than is actually presented in a papeatesould
relatively easily be archived as supplemental tables online. Other impaftamation (hospital-
based vs. population-based, inclusion or exclusion criteria, response ratesyisgilrea in most
papers, although the data on response rates would need to be presented in some staatard form
be useful. As mentioned, there are numerous other potentially useful data tdiecmdde
available for more rigorous evaluation of the independence assumption for casketdiely. s

Long term, population-based studies specifically designed to address gateesm
associations are needed. To be most useful for evaluating the independenpéi@ssum
additional smoking phenotypes should be included, ideally including biological meakures
current smoking status, and a broader panel of SNPs. SNPs chosen for this purpose should
plausibly be of interest for gene-smoking interaction in disease, rathesrthyathose genes
currently being studied for their likely influence on smoking behavior. For instaede
designed studies focused on specific aspects of smoking behavior abound but dackyDinA
repair genes, a class of genes of great interest for gene-smoknagtiotein cancer (etiology and
treatment), heart disease and neurological diseases. Recent genorassaaigtion studies
(GWAS) have raised the possibility that the search for the genetic umdegs of all parts of the

smoking trajectory, from initiation to dependence to cessation, may need to be brga88hed
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Designing gene-smoking studies to accommodate genes of interest in adtigldealf wide
public health impact such as cancer and heart disease would be an efficientciesdibt s
resources. As suggested by [289] genotyping chips would facilitate suckpompltise studies if
SNPs relevant to gene-smoking interaction were routinely included. These stadidserve
the purposes of elucidating the etiology of tobacco dependence and cessation, \ndalstpthe
number of case-only studies with unacceptable levels of bias and improving trecgaafur

estimates of interaction from case-only studies.
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VIl. APPENDICES
A. Informed consent

Informed consent was obtained for the CBCS and NCCCS parent studies. There wdseno furt
participant contact or information gathering. This analysis was exeraptgmt human subjects

research” by the Public Health Institutional Review Board (IRB) Zi22005. IRB number: 05-2821.
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TableVII1.B.1. Association between XRCC1 Arg399His and smoking : Individual study results

Author and Y ear Never /ever Current/Not current | Pack-years’ Intensity * Duration °
ORZ ORZ ORZ ORZ ORZ
(95%Cl) (95%Cl) (95%Cl) (95%Cl) (95%Cl)

Cao 2006

0.99 (0.68, 1.45)

David-Beabes 2001

All: 0.78 (0.57,1.07)
Wh: 0.87 (0.59, 1.28
AA: 0.69 (0.39, 1.22

1.52 (1.05, 2.22)

Duell 2001*

Wh: 1.16 (0.77, 1.73
AA: 1.65 (0.95, 2.88
All: 1.48 (1.08, 2.02)

Wh: 1.10 (0.67, 1.81
AA: 2.08 (1.11, 3.91
All: 1.35 (0.93, 1.98)

Duell 2002

0.86 (0.59, 1.24

Harms 2004

0.53 (0.20, 1.37)

Hoffmann 2005

0.43 (0.15, 1.19)

Huang 2005a

1.86 (1.23, 2.80)

0.90 (0.49, 1.

57)

Hung 2005b 1.04 (0.86, 1.25) 1.24 (0.92, 1.69)

Ito 2004 0.80 (0.55, 1.18) 0.88 (0.58, 1.32 2.02 (1.21, 3]40)

Kelsey 2004 0.90 (0.62, 1.31)

Kocabas 2006 0.87 (0.46, 1.67)

Koyama 2005 1.55 (0.65, 3.72)

Lei 2002 0.93 (0.34, 2.55) 0.36 (0.05, 2.34)
Lunn 1999 0.88 (0.23, 3.49)
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TableVII1.B.1. Association between XRCC1 Arg399His and smoking : Individual study results (continued)

».05)

Author and Y ear Never /ever Current/Not current | Pack-years® Intensity * Duration °
OR, (95%CI) OR (95%C]) OR (95%Cl) | OR (95%CI) OR (95%C])

Matullo 2001b 1.11 (0.70, 1.76) 1.14 (0.68, 1.91)

Matullo 2005 1.09 (0.67, 1.77) 0.80 (0.50, 1.29)

Metsola 2005 0.75 (0.50, 1.13) 0.91 (0.45, 1.84)

Misra 2003 1.41 (0.76, 2.62)

Olshan 2002 1.16 (0.61, 2.21)

Pachkowski 2006 | 1.21 (1.00, 1.46) 1.22 (0.96, 1.54) 161 (1.15, 2.p7)  1.48 (1.07, ]

Park 2002 1.52 (0.65, 3.55)

Patel 2005 0.88 (0.60, 1.28)

Ramachandran

2006 0.72 (0.31,1.69)

Ryk 2006 0.84 (0.44, 1.62)

Schneider 2005 1.23 (0.85, 1.77) 0.77 (0.23, 2|60)

Shen 2000 1.93 (1.00, 3.72)

Shen 2003 1.53 (0.82, 2.86) 1.24 (0.66, 2134)

Shen 2005a 1.57 (1.24, 2.00)

Skelbred 2006a 0.74 (0.50, 1.08)

Tuimala 2004 0.83 (0.43, 1.61)

Wilding 2005 1.11 (0.69, 1.78)

Yu 2004a 1.09 (0.57, 2.08)

Zhou 2003 0.97 (0.77, 1.23) 1.40 (0.93, 2.10)

Abbreviations: OR=control-only genotype-smoking odds ratio, 95% Cl= 95% confidence interval, iefemghrg=Arginine,
GIn=Glutamine, Trp=Tryptophan, His=Histidine, Metsthionine, Asp=Aspartic acid, Asn=Asparagine
! Pack-years: lightest non-zero category (ref) vs. heaviest

Z Intensity (packs/day): lightest non-zero category (ref) vs. hetavie

3 Duration (years): shortest non-zero category (ref) vs. longest
“ Duell 2001 used in stratified analyses; Pachkowski 2006 used for non-stratified sinalyse



TableVIII.B.2.

Association between XRCC1 Argl94Trp and smoking : Individual study results

Author and Year Never/ever Current/Not current | Pack-years® Intensity * Duration *
OR, (95%C) OR (95%C) OR (95%CIl) | OR (95%C)) OR (95%CI)

Cao 2006 0.83 (0.57, 1.22)

All. 1.28 (0.79, 2.06)

Wh: 1.37 (0.74, 2.54)
David-Beabes 2001 AA: 1.14 (0.53, 2.44) 1.13 (0.66, 1.93)
Han 2003 1.11 (0.81, 1.53) 0.68 (0.40, 1.18)
Hung 2005b 0.97 (0.75, 1.26) 1.1(0.73, 1.64)
Koyama 2005 0.91 (0.38, 2.19)
Lunn 1999 2.08 (0.10, 41.62)
Matullo 2005 0.98 (0.52, 1.84) 1.14 (0.62, 2.11
Olshan 2002 1.07 (0.45, 2.53)
Pachkowski 2006 1.13 (0.86, 1.48) 1.14 (0.81, 1.6¢ 1.08(0.67,1.73)  0.74 (0.47} 1.15)
Patel 2005 1.20 (0.72, 2.01)

0.76 (0.09,

Schneider 2005 0.60 (0.36, 1.00) 6.12)
Shen 2000 0.87 (0.46, 1.66)
Shen 2005a 0.85(0.59, 1.21)
Skelbred 2006a 1.45 (0.80, 2.64)
Stern 2001 1.20 (0.57, 2.56) 0.34 (0.11, 1.07)
Wilding 2005 0.68 (0.33, 1.39)

Abbreviations: OR=control-only genotype-smoking odds ratio, 95% Cl= 95% confidence interval, efemghrg=Arginine,
GIn=Glutamine, Trp=Tryptophan, His=Histidine, Metethionine, Asp=Aspartic acid, Asn=Asparagine
! Pack-years: lightest non-zero category (ref) vs. heaviest

Z Intensity (packs/day): lightest non-zero category (ref) vs. heavies

3 Duration (years): shortest non-zero category (ref) vs. longest
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TableVIII.B.3.

Association between XRCC1 Arg280His and smoking: Individual study results

Author and Year Never/ever Current/Not current | Pack-years® Intensity * Duration *
OR, (95%Cl) OR (95%C) OR (95%C]) OR (95%C) OR (95%C])

Hung 2005b 1.09 (0.79, 1.50) 1.19 (0.73, 1.93)

Koyama 2005 1.06 (0.19, 5.81)

Lunn 1999 0.38 (0.03, 4.69)

Metsola 2005 0.87 (0.49, 1.54) 0.54 (0.20, 1.50)

Pachkowski 2006 0.95 (0.67, 1.35) 0.88 (0.55, 1.38) 0.93 (048, 1.81) 1.20 (0.64

Schneider 2005 1.06 (0.57, 2.00) 0.40 (0.02, 6.97)

Skelbred 2006a 0.46 (0.21, 1.02)

Tuimala 2004 0.45(0.18, 1.11)

Abbreviations: OR=control-only genotype-smoking odds ratio, 95% Cl= 95% confidence interval, mfemefArg=Arginine,
GlIn=Glutamine, Trp=Tryptophan, His=Histidine, Met=methionine, Asp=Aspactd; &sn=Asparagine
! Pack-years: lightest non-zero category (ref) vs. heaviest

% Intensity (packs/day): lightest non-zero category (ref) vs. hdavies

% Duration (years): shortest non-zero category (ref) vs. longest

2.26)
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TableVIII.B.4.

Association between XPD Lys751GIn and smoking : Individual study results

Author and Year Never/ever Current/Not current Pack-years*
OR, (95%CI) OR (95%CI) OR (95%CI)

Harms 2004 2.27 (0.84, 6.11)
Hoffmann 2005 1.57 (0.58, 4.25)
Hou 2002 1.40 (0.75, 2.62)
Huang 2005a 1.11 (0.73, 1.69) 0.78 (0.42, 1.44
Jiao 2007b 1.13 (0.75, 1.71)
Matullo 2001b 0.97 (0.60, 1.57) 1.25(0.72, 2.17)
Matullo 2005 0.86 (0.51, 1.44) 0.74 (0.46, 1.22)
Metsola 2005 1.26 (0.82, 1.93) 0.90 (0.43,1.88
Schabath 2005 0.89 (0.62, 1.29) 0.75 (0.45, 1.25
Shen 2003 0.52 (0.26, 1.03) 1.31 (0.70, 2.46
Skelbred 2006a 1.21 (0.82, 1.80)
Terry 2004 0.78 (0.61, 0.99) 0.95 (0.70, 1.29)
Xing 2002a 0.91 (0.50, 1.63) 0.77 (0.34,1.73
Yu 2004b 1.35 (0.52, 3.54)
Zhou 2002 0.93 (0.74, 1.19) 2.15(1.38, 3.33
Zinjo 2006 1.91 (0.96, 3.81)

Abbreviations: OR=control-only genotype-smoking odds ratio, 95% Cl= 95% confidence interval,
ref=referent, Arg=Arginine, GIn=Glutamine, Trp=Tryptophan, His=HistidiMet=methionine,

Asp=Aspartic acid, Asn=Asparagine
! Pack-years: lightest non-zero category (ref) vs. heaviest
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TableVIII.B.5.
Association between XPD As

312Asn and smoking : Individual study results

Author and Year Never/ever Current/Not current Pack-years*
OR; (95%CI) OR (95%ClI) OR (95%ClI)

Butkiewicz 2001 1.04 (0.42, 2.58) 0.63 (0.21, 1.91)
Garcia-Closas 2006 1.04 (0.80, 1.34)
Hou 2002 1.48 (0.79, 2.78)
Jiao 2007b 1.16 (0.77, 1.74)
Justenhoven 2004 1.31 (0.95, 1.81)
Matullo 2005 1.30 (0.79, 2.16) 1.12 (0.68, 1.86)
Schabath 2005 1.01 (0.71, 1.45) 0.86 (0.52, 1,42)
Xing 2002a 0.79 (0.42, 1.47) 0.66 (0.27, 1.61)
Zhou 2002 0.98 (0.78, 1.25) 1.58 (1.05, 2.40)

Abbreviations: OR=control-only genotype-smoking odds ratio, 95% Cl= 95% confidence interval,
ref=referent, Arg=Arginine, GIn=Glutamine, Trp=Tryptophan, His=HistidiMet=methionine,
Asp=Aspartic acid, Asn=Asparagine

! Pack-years: lightest non-zero category (ref) vs. heaviest
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TableVIII.B.6.

Association between XRCC3 Thr41M et and smoking : Individual study results

Author and Year Never/ever Current/Not current Pack-years*
OR, (95%CI) OR (95%CI) OR (95%CI)

Harms 2004 1.06 (0.41, 2.73)
Hoffmann 2005 0.63 (0.22, 1.77)
Huang 2005a 1.24 (0.82, 1.85) 0.79 (0.43, 1.44)
Jin 2005 2.04 (0.63, 6.60)
Matullo 2001b 1.40 (0.87, 2.25) 1.03 (0.60, 1.77)
Matullo 2005 1.11 (0.68, 1.81) 0.94 (0.58, 1.52)
Shen 2002 0.70 (0.44, 1.14) 0.78 (0.49, 1.23)
Shen 2003 0.83 (0.43, 1.63) 1.00 (0.52, 1.92)
Skelbred 2006a 0.82 (0.56, 1.20)
Smedby 2006 0.87 (0.61, 1.23) 1.03 (0.70, 1.51)
Stern 2002a 1.36 (0.78, 2.40) 0.58 (0.29, 1.18)
Tuimala 2004 1.03 (0.51, 2.08)
Wilding 2005 1.06 (0.66, 1.70)

Abbreviations: OR=control-only genotype-smoking odds ratio, 95% Cl= 95% confidence interval,
ref=referent, Arg=Arginine, GIn=Glutamine, Trp=Tryptophan, His=HistidiMet=methionine,
Asp=Aspartic acid, Asn=Asparagine

! Pack-years: lightest non-zero category (ref) vs. heaviest
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TableVIII.C.1. Genotype prevalence and Hardy-Weinberg equilibrium in CBCSand NCCCS

CBCS NCCCS
Non-African American African American Non-African American African American
HWE HWE HWE HWE

No Any % with p- No Any % with p- No Any % with p- No Any % with p-
SNP var ' var® anyvar value |var var anyvar value |var var anyvar value | var var anyvar value
ADPRT
762 -- -- - - -- - - - 386 153 28.4% 0.94 295 30 2% 0.15
ADPRTL2
328 -- -- - - -- - - - 226 302 57.2% 0.99 29 285 0.8% 0.68
APE1 148| 300 836 73.6% 0.41 251 426 62.9% 0.89 153 387 71.79%.21 116 208 64.2% 0.71
BRCA2 24| 695 439 38.7% 0.08 408 268 39.6% 0.28 - - - - - - - -
BRCA2
372 579 556 49.0% 0.7 510 165 24.4% 0.89 - - - - - - - -
CDH1 610 522 46.1% 0.91 492 182 27.0% 0.28 - - - - - - - -
COMT 86 293 77.3% 0.92] 110 153 58.2% 0.84 - - - - - - - -
CYPIAL
M1 325 90 21.7% 0.53] 165 115 41.1% 0.58 - - - - - - - -
CYPIAL
M2 378 39 9.4% 03| 274 11 3.9% 0.74 - - - - - - - --
CYPIAL
M3 413 2 0.5% <.001 | 227 5 2.2% 0.07 - - -- - - - - -
CYPIAL
M4 377 40 9.6% 0.3| 278 7 2.5% 0.83 -- - - - - - - - --
ERCC1
8092 656 478 42.2% 0.71 342 340 49.9% 0.99 -- - - - - - - -
ERCC6
1213 713 417 36.9% 0.75 465 213 31.4% 0.83 - - - - - - - -
ERCC6
1230 887 244 21.6% 0.41 643 35 5.2% 0.49 - - - -+ - - -- -
GSTM1? 177 192 52.0% - 187 72 27.8% -- 258 289 52.8% 452 82 25.1% -
GSTP1 141 207 59.5% 0.23 54 193 78.1% 0.14 - - - - - - - -
GSTT? 312 61 16.4% -- 216 43 16.6% - 385 162 29.6% 8 21 109 33.3% -
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TableVIII.C.1. Genotype prevalence and Hardy-Weinberg equilibrium in CBCSand NCCCS (continued)

CBCS NCCCS
Non-African American African American Non-African American African American
HWE HWE HWE HWE

No Any % with p- No Any % with p- No Any % with p- No Any % with p-
SNP var ' var® anyvar value |var var anyvar value |var var anyvar value | var var anyvar value
GST
hap C** - - . . - . - - | 179 368 67.3% . 163 164  .8% -
GST
hap A?? - - . . - . - . 79 179 69.4% . 82 163 6665  --
GST
hap B*® - - . . - . - . 83 179  68.3% . 27 163  8%8  --
GST
hap D?° -- -- -- -- -- - -- - | 206 179  46.5% - 55 163 8% --
hOGG1 652 483 42.6% 0.42] 474 204 30.1% 0.45 -- - - + - - - - -
MEH 113 -- -- - - -- - - - 258 288 52.7% 0.37 198 127 39.1% 0.12
MEH 139 -- -- - - -- - - - 343 203 37.2% 0.17% 135 191 58.6% 0.95
MGMT 84 | 867 269 23.7% 0.12 504 174 25.7% 0.1 - - - + - - - -
MLH1
219 -- -- - - -- - - - 253 286 53.1% 0.83 274 51 5.1% 0.58
MNSOD 266 869 76.6% 0.27, 196 481 71.0% 0.08 138 408 74.79%.55 105 220 67.7% 0.15
MPO 699 435 38.4% 0.93 296 382 56.3% 0.37 - - - - - - - - -
MSH3
1036 -- -- - - -- - - - 287 256 47.1% 0.44 139 183 56.8% 0.73
MSH3 940| -- -- - - -- - - - 402 145 26.5% 0.24 264 59 8.3% 0.99
MSH6 39 -- -- - - -- - - - 393 149 27.5% 0.74 207 113 35.3% 0.34
MYH 324 | 627 505 44.6% 0.19) 367 306 45.5% 0.65 -- - - - - - - - -
NAT12 103 170 62.3% - 145 47 24.5% -- - -- - = -- -- -- --
NAT2? 109 165 60.2% - 116 79 40.5% -- - -- - = - -- -- --
NBS1 185| 518 618 54.4% 0.66/ 400 281 41.3% 0.53 242 293 54.89%.39 183 140 43.3% 0.86
NQO1 742 389 34.4% 0.28/ 457 217 32.2% 0.83 -- - - - - - - - -
POLD1
119 -- -- - - -- - - - 452 77 14.6% 0.58 171 149 6.4% 0.56
RAD23B 756 377 33.3% 0.52] 604 75 11.0% 041 335 193 36.6%0.01 | 293 29 9.0% 0.4
TGFB1 457 673 59.6% 0.79) 224 451 66.8% 0.19 -- - - - - - - - -
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TableVIII.C.1. Genotype prevalence and Hardy-Weinberg equilibrium in CBCSand NCCCS (continued)

CBCS NCCCS
Non-African American African American Non-African American African American
HWE HWE HWE HWE

No Any % with p- No Any % with p- No Any % with p- No Any % with p-
SNP var ' var® anyvar value |var var anyvar value |var var anyvar value | var var anyvar value
XPC 499 -- -- - -- -- - - - 300 246 45.1% 0.8 278 47 8% 0.16
XPC 939 400 723 64.4% 0.97] 338 341 50.2% 0.19 192 350 64.6%.74 150 174 53.7% 0.71
XPD 312 489 644 56.8% 0.64/ 517 158 23.4% 045 233 302 56.49%.62 259 63 19.6% 0.82
XPD 751 445 688 60.7% 0.53 393 286 42.1% 085 212 324 60.490.42 187 135 41.9% 0.86
XPF 415 980 153 13.5% 0.27] 642 31 4.6% 0.54 466 81 14.8%.046 | 309 16 4.9% 0.65
XPF 662 249 1 0.4% 0.97| 434 240 35.6% 0.2 - - - - - - - -
XPG 1104| 661 472 41.7% 0.69] 231 443 65.7% 0.51 341 202 37.29.26 101 218 68.3% 0.53
XRCC1
194 987 148 13.0% 0.43 593 89 13.0% 0.95 477 61 11.3%.53 0 277 43 13.4% 0.2
XRCC1
280 1030 99 8.8% 0.86| 642 39 5.7% 0.58 503 44 8.0% 0.2810 15 4.6% 0.67
XRCC1
399 480 642 57.2% 0.24/ 493 183 27.1% 0.36 222 318 58.9%.95 251 74 22.8% 0.07
XRCC2
188 982 152 13.4% 0.52] 653 25 3.7% 0.62 - -- - -+ - - -- -
XRCC3
241 435 697 61.6% 0.09) 421 255 37.7% 0.01 | 206 332 61.7% 0.89 204 120 37.0% 0.96
XRCC4
-28073 244 889 78.5% 0.56| 212 463 68.6% 0.p - - - + - - - -

Abbreviations: CBCS=Carolina Breast Cancer StudgCiCS=North Carolina Colon Study, HWE=Hardy WeinbEgyilibrium, var=variant
!See Table 2 for definitions of common vs. varidieles for each SNP, common=higher frequency iralVelataset.

2 percent with allele present (present=referenfjadipresent (null) instead of % no variant alleléany variant allele
% p=present, n=null; Haplotypes f&STT1andGSTMt GSThap A=GSTT1n)/GSTM1p), GSThap B-GSTTIn)/GSTM1n), GSThap C =
GSTT1p)/GSTM1(p) [referent]GSThap DGSTTIp)/GSTMIn)
Bold = p-value <0.05
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